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PREFACE 

The purpose of this report is to bring together in a single document 
current technical guidelines for the establishment and implementation 
of industrial respiratory protection programs. It is written for use 
primarily by the occupational safety and health professional. 

The subject of respiratory protection is very complex, as it is open 
to much subjective opinion when the needs and wishes of the average 
worker are considered. Consequently, this Guide represents not only 
the author's best judgement, but also the technical expertise of many 
of the most knowledgeable people in the field who were kind enough 
to review and comment on this material. Without their cooperation, 
this Guide would have lost a great deal and woul<l have represented 
only one man's opinion. 

Mr. John Pritchard served as Project Director for Los Alamos Scientific 
Laboratories . . Mr. Alan Gudeman was Project Officer for the Control 
Technology Research Branch, Division of Physical Sciences and Engineering, 
National Institute for Occupational Safety and Health. 
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A GUIDE TO INDUSTRIAL RESPIRATORY PROTECTION 

by 

John A. Pritchard 

ABSTRACT 

The Occupational Safety and Health Act of 1970 has increased 
the emphasis on proper selection and use of respirators in 
situations where engineering controls are not feasible or arc being 
implemented. Although a great deal of information on respiratory 
protection has been published, most of it is more technical than 
necessary for the average user faced with day-to-day problems of 
respiratory protection in industrial environments. 

This Guide is to provide the industrial user a single reference 
source containing enough information for establishing and main­
taining a respirator program that meets the OSHA requirements 
outlined in 29 CFR Part 19I0.134. It includes chapters on respirator 
selection, use, maintenance, and inspection, a complete description 
of all types of respirators and their advantages and limitations. and 
chapters on respirator fitting and wearer training, rC'spiratory 
physiology, respiratory hazards, and ph,vsiologieal and 
psychological limitations. Also included are samples of the decision 
logic used in respirator selection, guidance on setting up an adC'­
quate respirator program through formulation of written standard 
operat,ing procedures, and discussion of the meaning of thC' "ap­
proved" respirator. 
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CHAPTER ONE 

INTRODUCTION 

Until the enactment of the Williams and Steiger 
Occupational Safety and Health Act (OSHA) in 
1970, most guidance on respiratory protective device · 
(respirator) use in hazardous environments was ad­
visory rather than mandatory. Now, OSHA Part 
1910.134 (presented as · Appendix A of this guide) 
sets forth specific legal requirements for selection, 
use, and maintenance of respirators, and gives · 
guidelines for establishing a respirator program to 
meet those requirements . This guide is written to 
describe methods for meeting the OSHA re­
quirements, especially for those whose knowledge of 
respirators is limited. It is meant to complement, not 
replace, other publications such as the American In­
d us trial Hygiene Association and American 
Conference of Governmental Industrial Hygienists 
(ACGIH) Respiratory Protective Devices Manual. 

BACKGROUND 

American National Standard Institute (ANSI) 
Standard Z88.2-1969, "Practices for Respiratory 
Protection," is the origin of the first six sections of 
OSHA Part 1910.134, "Respiratory Protection." The 
seventh section is a direct, complete inclusion of 1· 

ANSI Standard Kl3.l-1969, "Identification of Gas 
Mask Canisters." I 

Certain aspects of ANSI Z88.2 deserve comment. 
Each ANSI standard is the consensus of the Stan- i 
<lards Committee that created it. The Z88.2 com- \ 
mittee consisted of 30 members and 17 alternates 
representing government, industry, and respirator 
manufacturers. The document they produced, a 
spin-off from the older ANSI Z2.l-1959, "American 
National Standard Safety Code for Head, Eye, and 
Respiratory Protection," like all ANSI standards, is 
to be revised every five years. Presently, Z88.2 can 
be used to further explain points in the OSHA stan­
dards, but it is an advisory document only, not a 
legal one. However, because insight into the OSHA 
standards may be gained by reading the correspon­
ding parts of Z88.2, the reader is strongly urged to 
use a copy as a companion to this guide. It may be 1 

obtained from: · 

American National Standards Institute, Inc. 
1430 Broadway 
New York, NY 10018. 

i 
l 

The OSHA standards state that "approved or 
accepted respirators shall be used when they are 
available." That one sentence is the basis for much 
of this guide. Legally, the Occupational Safety and 
Health Administration may recognize a respirator 
evaluated by any competent authority as "ap-

. proved." However, it has chosen to recognize only 
those approved by the National Institute for Oc­
cupational Safety and Health (NIOSH) and/or the 
Mine Enforcement and Safety Administration 
(MESA), the former obtaining its authority from the 
OSHA provisions and the latter from those of the 
1969 Coal Mine Health and Safety Act. The NIOSH 
and MESA respirator performance requirements are 
given in Title 30, Code of Federal Regulations, Part 
11, commonly known as "Part 11." A copy is 
presented as Appendix B. 

The Bureau of Mines (BOM) began approving 
self-contained breathing apparatus and gas masks 
for mine rescue work in 1919 and has added approval 
schedules for other types of respirators over the years 
until NIOSH and MESA (which assumed the BOM 
mine health and safety responsibilities) started the 
present approval program in 1971. NIOSH performs 
the respirator approval tests under Part 11, and the 
results are reviewed by NIOSH and MESA, who 
grant an approval. The reader should become 
familiar with Part 11. Understanding of the approval 
process may provide better understanding of the 
conditions in which approved devices should, and, 
more important, should not, be used. 

Contributing further to the confusion about 
respirator standards is the fact that still other 
Federal Regulations, Military Standards, advisory 
standards, · etc, are made part of the OSHA re­
quirements by reference. Figure 1-1 shows the in­
terrelationship of all these standards. 

. THE GUIDE 

To be effective, a respirator guide must be almost 
all-encompassing because: 
• Respirator users' needs vary greatly. A small 

manufacturing concern may have to protect only · 
one or two employees from a single hazardous at­
mosphere, perhaps only infrequently. A ~arge 

1 
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Marking of Gas Mask 
and Chemical Cartridge 
Canisters and Cartridges 
ANSI Standard K 13.1 

Quality Control 
Requ irements 

MIL-STD-105D or 414 

Federal Coal Mine 

Health and Safety Act 
30 U.S.C. 819(c) 

Breathing Air Standards 
Compressed Gas Association 

Commodity Specification 
G-7.1-1966 

ANSI Standard 286.1 · 1972 

Practices for 
Respiratory Protection 

ANSI Standard 288.2-1969 

Shipping of Compressed 
Gas Cylinders 

49 CFR Part 173 

Marking of Compressed 
Gas Cylinders 

FedP.ral Spec: BB-A-1034a 
Interim Federal Spec: GG-8-006756 

or 
ANSI Standard 248.1-1954 

l' 

Facepieces and 
Eyepieces 

Federal Spec: GGG·M· 125d 

Figure 1-1. 

Respirator 
Testing and 

Approval 
Requirements 

30 CFR Part 11 

Occupational 
Safety and Health 

Standards 
29 CFR Part 1910.134 

(OSHA) 

Sources of the OSHA standards. 

Enamel Mist 
Tes) 

Federal Spec: TT-E-4896 

Lacquer Mist 
Test 

Federal Spec: TT-L-31 

United States 
Pharmacopoeia 

(Oxygen Quality Standards) 



chemical company may have hundreds of workers 
who must wear respirators more or less regularly in 
many different hazardous atmospheres. Unfor­
tunately, the OSHA requirements do not differen­
tiate bet.ween such large and small users . 

• l lsers' knowledge of respiratory protection varies. 
A small firm may have only one, poorly trained. 
employee. Large concerns with extensive 
respirator programs to cope with many hazards 
usually hire industrial hygienists and safety 
engineers who have detailed knowledge of 
respirator.v protection. 
This guide is designed to provide adequately 

detailed information for the least knowledgeable 
respirator user. There is a chapter on the basic eon­
cepts of the pulmonary system and respiration, one 
that describes and classifies respiratory hazards, and 

one on basic types of approved respirators. These 
should provide adequate background for a sat isfac­
torv respirator program . 

Other chapters, useful to both experienced and in­
experienced users, diseuss detailed met hods for 
providing OSHA's "minimal acceptable respirator 
program." The program requirements often t'an he 
met in more than one way. and an at tempt is made 
to show how both large and small users can do so. 
Respirator wearers' physiological and psychologieal 
limitations are treated separately because of their 
importance . 

To conform to the OSHA usage, "shall" is used 
here only to indicate an OSH_A requirement . 
"Should" indicates that an action is "strongly ad­
vised." but not legally required. "May" indieates 
that there is a choice of act ions. 
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CHAPTER TWO 

HISTORY OF RESPIRATORY PROTECTION 

Recognition of the need to protect the respiratory 
system is very old. Pliny (c. A.D. 23-79) mentioned 
use of a loose fitting animal bladder in the Roman 
mines to protect against inhalation of red oxide of 
lead. The Greek writer Dioscorides (A.D . 50) 
described the same hazard and other dangers of min­
ing. A century later, Julius Pollox (A.D. 124-192) 
described a respirator made from an animal bladder 
with an attached sackcloth filter for protection 
against the dust in mines. It is interesting that all 
the surviving early references involve the hazards of 
mining, an occupation that is still the subject of a 
significant share of the effort to improve respiratory 
protection. 

Not surprisingly, Leonardo da Vinci (1452-1519) 
considered the problems of respiratory protection. 
As usual, he anticipated history by a few centuries in 
recommending use of a wet cloth · as protection 
against chemical warfare agents. He also devised 
two types of underwater breathing devices. One used 
a mysterious substance he called "Alita" which 
when fastened to the chest with iron rings allowed 
the wearer to breathe without an outside air source. ,.. 
The 6ther, really quite practical, was a "snorkel," 
consisting of a breathing tube with an attached float. 
Later, Bernadina Ramazzin, (1633-1714) wrote a 
critical review of the inadequate respiratory protec­
tion prevalent in his time. He mentioned the hazards 
faced by such diverse people as arsenic miners; gyp­
sum, lime, and tobacco workers; bakers and millers; 
sifters and measurers of grain; and stone cutters. 
Any good work on occupational diseases will show 
that we now have named diseases incurred in each of 
these occupations. 

In the 1700's appeared the first descriptions of the 
ancestors of today's atmosphere-supplying devices, 
such as open and closed-circuit self-contained 
breathing apparatus and hose masks. · 

With the coming of the industrial revolution in the 
early 1800's, respirators rapidly became more 
sophisticated. One of the greatest advances was 
realization of the separate natures of particulates 
and gases or vapors. Until then, the only recognized 
hazard had been industrial dusts. 

John Roberts in 1825 developed a "smoke filter" 
for firemen, a leather hood and a hose strapped to 
the leg, the theory being (correctly) that the best air 
during a fire would be near the floor. At the lower 

end of the hose was an inverted funnel containing a 
coarse woolen cloth to trap particulates and a moist 
sponge to remove water-soluble gases and vapors. 
This device is shown in Fig. 2-1. 

In 1814 came development of a particulate­
removing filter encased in a rigid container, the 
predecessor of modern filters for air-purifying 
respirators. In 1823, C. A. Deane developed a 
"smoke jacket" for firemen which had a breathing 
hose with a bellows that supplied clean air under 
pressure. This was the early equivalent of today's 
hose mask with blower. 

Discovery of the phenomenon of Brownian motion 
by Robert Brown in 1827 explained the zig-zag mo­
tion of very small airborne particles caused by their 
bombardment by rapidly moving gas molecules in 
the air. This quickly led to improvement in design of 

I 
l 

I r 

Figure 2-1. . 
: John Rob-erts "smoke filter," ca 1825. 
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particulate-removing filters thorough understanding 
oft he principle involved in filtration . Efficient filters 
had been produced earlier, but their resistance to 
breathing was usually intolerably high . 

Probabb, the most significant development during 
the last century was discovery in 18G4 of' the proper­
ties of activated charcoal in removing organic vapors 
and gases from air. This discovery was almost im­
mediately put to use in respirators. An example. 
shown in Figs. 2-2 and 2-3 was a fire-fighting "smoke 
cap" developed by Sir E. M. Shaw and the famous 
physicist ,John Tyndall. Its significant feature was 
clear recognition of' the need to protect against par­
ticulates (with dry cotton wool) , carbon dioxide gas 
(with lime) , and other gases and vapors (with char­
coal). 

The most rapid advances in respiratory protect ion 
grew out of'the use of chemical warfare in World War 
I. German use of poison gas brought about almost 
immediate improvement in gas sorbents used in 
military mask,;. This was countered by the German 
attempt to disperse highly toxic particulate matter 
on the battlefield, which led to development of still 
more efficient filters. Although crude by today's 
standards , the WW I military respirators are 
definitely recognizable as close relatives of devices 
manufactured now. 

Figure 2-2. 
Tyndall and Shaw "smoke cap. " 
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Figure 2-3. 

Tyndall and Shaw smoke cap filter. 

Since WW I, there have been few major 
breakthroughs in respirator design, with the possible 
exception of N. L. Hansen's development of the 
resin-impregnated dust filter in 19~0. This material 
uses electrostatic force fields to remove dust par­
ticles from air. Almost all present respirator use is 
for protection against moderately toxic dusts, and 
most dust filters are resin-impregnated. This 
development has made available efficient, inexpen­
sive filters that have good dust-loading 
characteristics and low breathing resistance. 
Another, more recent. development is the ult.rahigh­
efficiency filter made from paper that. contains very 
fine glass fibers. These extremely efficient filters for 
very small airborne particles also have low breathing 
resistance and are commonly used where high dust 
concentrations are not a problem . 

Figures 2-4 through 2-7 show early respirators 
whose basic designs are still represented in those 
marketed today. 
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Figure 2-4. 
Ma1tirus , Germany, ca 1840. Early positive 
pressure self-contained breathing apparatus. 

Figure 2-5. 
Malfirus , Germany, ca 1830. Reusable full face 
protection. Sponge placed inside flap over 
nose. 

7 



8 

Figure 2-6. 
Magirus, Germany, ca 1820. Supplied air suit 
for firemen , similar to today's hose mask or air­
line respirator. 

Figure 2-7. 
Pulmosan dust mask, ca 1920. Very similar to 
single use dust respirator used today. 



CHAPTER THREE 

THE RESPIRATORY SYSTEM AND RESPIRATION 

METABOLISM 

To understand the respiratory system's role, we 
must consider how the body uses the oxygen that the 
respiratory system supplies. Figure 3-1 is greatly 
simplified diagram of this use, called metabolism. 
At its simplest, the body is a "f'urnace," or ordered. 
arrangement_ of countless tiny "furnaces" called 
cells. As a "f'urnace," the body takes food into the 
digestive tract where it is converted into a fuel 
suitable for use by the individual cells. This fuel, in 
the form of a sugar-glucose-is transported to the 
cells by the blood stream. The oxygen needed to 
burn the fuel originates in the air surrounding the 
body. The air is drawn into the respiratory system, 

and the needed oxygen is . transferred to the blood 
stream, to travel with the glucose fuel to the cells. 

In the cells, the glucose and oxygen combine in a 
combustion process to produce energy. The energy is 
used in many ways, ranging from muscle action 
(mechanical) and control of body temperature (ther­
mal) to maintenance of the body systems. The com­
bustion products, as in all such processes, are 
primarily carbon dioxide and water, which are 
carried away in the blood st.ream for elimination 
from the body. 

B<·cause the body contains a lot of water, that 
produced by metabolism cannot. be called a waste 
product, but it does contain dissolved wastes that 

Expired Air 

Low 0 2 

High CO2 

THE 
RESPIRATORY SYSTEM 

Inspired Air 

High 0 2 
Low CO 2 

KIDNEYS 

Excess H20 
and 

Dissolved 
Wastes 

-Recirculated 

H20 

H20 

and Dissolved 
Wastes 

CO2 

THE 
CELL 

ENERGY 

Figure 3-1. 
The metabolic process. 
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must be removed. This is done primarily by the 
kidneys which remove the dissolved wastes from the 
blood stream. These wastes are flushed out in the 
urine along with water that must be replaced 
through the digestive tract. There is, however , a 
quantity of water which circulates throughout the 
system in the blood stream or is contained in the 
body tissues. 

The system that carries fuel to the cells and 
removes waste products is unidirectional. as the 
material enters and leaves the body at separat e 
local ions. On the other hand. the system that 
supplies oxygen and removes carbon dioxide is 
bidi red ion al. Although the oxygen gets to the cells 
through the arteries and carbon dioxide is removed 
h:v the veins, transfer to and from the surrounding 
air takes place at a common location, the lungs. The 
effrct and importance of the lungs' dual role will 
hrcome apparent when gas trans port and exchangr 
are discussed. 

THE STRUCTURE OF THE RESPIRATORY 
SYSTEM 

The metabolic aspect of greatest concern here is 
the structure and workings of the respiratory system. 
shown much simplified in Fig. 3-2. The respiratory 
system is a single airway that branches into man:v 
smaller passages that encl in the lungs . The upper. or 
conducting, part consists of the nasal passages and 

Nas.ol 

J:_I \ / ) .,,0 \ \ Bronchiole 

pharvnx in the head and the larynx and trachen 11, 

the neck . Below the trachea. the conducting pnrt 
branches into two airwa:,;s called bronchi that lead 
into thr lobes of the lungs. The bronchi subdivide 
into smaller and smaller pathwa>1s. called 
hrnnchiolrs. ending in ver:v small passages. t lw ter­
minal hronchiolrs. No gas transfer takes place in the 
pathways up to this point. 

It is at the rrspirator:v surfaces. shown in Fig. :1-:1. 
that the _major function of the lungs takes place . 
Hran('hing from thP terminal bronchioles an• the 
rpspiratorv bronchioles. to each of which are at­
tached threr to six clusters of extremel:v small sacs 
called alveoli. Each oft he approximate!>' :mo million 
alveoli is separated from the blood stream onl>' ll\· an 
Pxtremel:v thin membrane. about 0.2 micrnmPter 
(inn) thic·k. * This membrnne. which forms t_hE' 
alveolar wall, is permeable to gas molecules. It is 
lwrP that most of the oxygPn passes ·into the blood 
stn•am and thai carbon dioxide is removed . 

This barrier is so large that it provides almost in­
stantaneous exchange between the gases in the 
alveolar spaces and the blood stream on the other 
side . This membrane is approximately 70-100 square 
meters in surface area and is two cells thick. 

This large lung surf'acP area is necessary because 
t lw body cannot stem' ox:vgPn and , therefore. must be 
ahlr to absorb a lot of it quickly from the air when 
npc·c•ssary. The hod:v has far more storage capacit>'· 
for wain (throughout) and fupl (in the fatty tissues). 
Man can live for weeks without food and for days 
without water. hut only for minutes without ox>'gen. 

*Human hair is .5-.500 µm in diameter. 

A\veoleor Duct 

t:--1-1 If\<\< ! ,f I Terminal Bronchiole 

Alveolar Sac 

Alveolus 

Alveoli 

Figure 3-2. Figure 3-3. 
The respiratory system. The respiratory surfaces. 
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The brain is particularly susceptible, as only four 
minutes without oxygen causes permanent damage, 
and six to eight minutes kills. Because of its critical 
relationship to the immediate functioning of the 
body, the respiratory system demands the utmost 
protection and care. 

THE MECHANICS OF RESPIRATION 

Respiration, or breathing, involves inhalation dur­
ing which fresh air, rich in oxygen and low in carbon 
dioxide, is drawn into the lungs . This is followed by 
exhalation in which the air, containing less oxygen 
and more carbon dioxide owing to gas exchange at 
the respiratory surfaces, is expelled. One combined 
inhalation and exhalation is called a breathing cycle. 
Lung action during a breathing cycle is like the 
operation of a bellows. The thoracic (chest) cavity, 
formed by the rib cage around the lungs, expands 
during inhalation because of contraction of the inter­
costal muscles attached to the ribs. This contraction 
enlarges the chest, and the lungs expand to fill the 
additional space. The chest cavity enlarges further 
as the diaphragm, a domed muscular partition , 
between it and the abdominal cavity , moves 
downward. 

Expansion of the chest and lungs varies with the 
body's needs . Under sedentary (inactive) conditions, 
there is very little expansion because the need for ox­
ygen is slight. Heavy work, however, increases the 
need for oxygen greatly, causing increased respira­
tion rate and volume. As the chest and lungs ex­
pand, a greater surface for transfer of oxygen and 
carbon dioxide is exposed as the alveoli are ven­
tilated more effectively . The individual alveoli also 
expand, further increasing the surface area available 1 

for gas exchange. This is a mechanism by which the. ! 
body compensates for its inability to store oxygen; it 1 

has a reserve capacity for transferring oxygen by in- 1 

creasing both the size and number of alveoli in use . 
During inhalation, the muscles involved are con- ' 

tracted. During exhalation, most of them are relax­
ed. At the end of inhalation, the intercostal muscles 
are in a contracted state, and the diaphragm has 
been pulled down. During exhalation, these muscles 
and the diaphragm return to their original relaxed , 
state, reducing the volume enclosed by the thoracic · 
cavity (chest) and forcing the air out of the lungs. 
Almost no physical energy is expended during nor­
mal exhalation, analogous to releasing a stretched 
rubber band. 

There are some muscles located in the lower ab­
domen which can be contracted during forced ex­
halation, as during heavy work or blowing up a 
balloon. \ Because these relatively weak '. muscles! 

are not used routinely, most people find their 
sustained use tiring. This is one reason why ex'hala.­
tion resist ance in respirators is kept as low as · · 
practicable. · 

The Concept of Partial Pressures 

A1r is a mixture of several gases, including 
nit rogen (N2 ), oxygen (02 ), carbon dioxide (CO2), 
and water vapor (H2 0). At sea level, this mixture 
has a normal atmospheric pressure of 14. 7 
pounds/square inch (psi) , 29.92 inches of mercury 
(in . Hg), or 760 millimeters of mercury (mm H g), all 
equivalent values. Here, pressures are expressed in 
millimeters of mercury. 

The concept of partial pressures is that in any . 
mixture of gases the total gas pressure is the sum of · 
the partial pressures of all the gases. An analogy is a 
stack of blocks weighing an amount that is the sum 
of the weights of the individual blocks. Because nor­
mal air at sea level contains about 20.Wi 0 2 at a 
tot al pressure of 760 mmHg, the parti al pressure of 
0 2 (P02 ) must be about 159 mm Hg (760 mm Hg X 

20.9% = 159 mm Hg). Similarly, the partial pressure 
of CO2 (PC02 ) makes up about 0.04% of the normal 
atmosphere, or about 0.3 mm Hg. Nitrogen, 
although it makes up about 80% of the atmosphere, 
plays only a minor role in respiration, and then only 
in special circumstances, such as deep sea diving. 

NOTE: It is not the percentage of 0 2 in the air, 
but its partial pressure, which is important. As one 
ascends, the percentage of 0 2 and the other gases 
stays about the same but the partial pressure of each 
drops owing to the lower total atmospheric pressure . 
The importance of this fact will become apparent 
when we discuss gas exchange in the lungs. 

Gas Exchange in the Lungs 

During the time the air travels to the alveolar 
space mixing takes place, reducing the P02 to about 
110 mm and then increasing the PC02 to about 40 ; 
mm . At the end of each exhalation, the lungs and 
upper part of the airway are filled with exhaled air · 
that contains less 0 2 and more CO2 than the 
atmospheric air, owing to gas transfer. Inhalation 
draws approximately 500 milliliters (ml) of air into 
the lungs . However, only about 350 ml of the fresh · 
air reaches the alveoli because the first . air that 
reaches them is the old air left in the upper • 
respiratory tract at the end of the previous exhala- . 
tion . This 150 ml of air, called the anatomic dead : 
space volume, mixes with the incoming fresh air to . 
give the P02 and PC02 shown in the alveoli in Fig. 3-
4. 
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Inhaled Air _ 

POz i:ar 159 mm Hg ~ 
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Pulmonary 
Arteries 

Pulmonary Veins 

POz;;: 40 mm Hg 
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POz ;,; UO mm Hg 

PCOz i:ar 40 mm Hg 

'i 
From Heart and 
Systemic Veins 

Figure 3-4. 

·~ 
To Heart and 

Systemic 
Arteries 

Gas exchange in the lungs. 

Increasing the dead space volume, as by wearing a 
respirator, may have important consequences. For 
example, consider the following. 
• Without a respirator 

Dead space = 150 ml, . . 
"Volume inhaled per breath = 500 ml, 
Breaths per minute = 10. 
The volume reaching the alveoli per minute would 

. be 10 X (500 - 150) = 3500 ml. 
• Wearing a respirator whose volume (dead space) is 

100 ml 
Dead space = 100 + 150 = 250 ml, 

_Volume inhaied per breath =:_ Q9Q ml, 
Breaths per minute = 10, 
The volume reaching the alveoli per minute would 

be_ l_O X (500 :25QL = 2500 ml. 
If there is a pressure difference across a permeable 

membrane like that separating the alveoli from the 
pulmonary capillaries, gas molecules pass from the 
high- to the low-pressure region until the pressures 
are equalized. The 40-mm-Hg PC0 2 in the alveoli 
(Fig. 3-4) is lower than the 46-mm PCO 2 in the 
pulmonary arteries carrying the CO2 -rich blood 
from the cells, so CO2 molecules pass from the 
bloodstream into the alveoli. Conversely, the 110-
mm-Hg P02 in the alveoli is greater than the 40-mm 
P02 in the pulmonary arteries, so O 2 passes from 
the alveoli into the bloodstream where the -... 
12 

pulmonary veins, heart, and systemic arteries carry 
it to the cells to be metabolized. P02 and PCO 2 in 
the pulmonary veins are the same as those in the 
alveoli because the 0 2 and CO2 pressures are 
equalized almost instantaneously in a healthy per­
son at rest. However, when one works hard or has im­
paired breathing, the concentration of oxygen in the 
blood may be considerably less than that in the 
alveoli . 

Oxygen is carried in the blood physically dissolved 
in the blood water and chemically combined with 
the iron atoms in the hemoglobin molecules that are 
part of the red blood cells. Because 02 is relatively 
insoluble in water, 98% of it is carried by the red 
blood cells. Only about 3 ml of 02 can be dissolved 
in 100 ml of blood, but about 197 ml can be carried 
chemically attached to the hemoglobin molecules in 
the red blood cells. _ 

Carbon dioxide is carried similar to 0 2, about 8% 
of it being physically dissolved in the blood plasma 
and red cells. Sixty seven per cent of it combines 
with the water in the blood, is converted to carbonic 
acid (Hi C03 ), and is carried in ionized form (HC0 3 
+ H+ ). (The remaining 25% reacts with the 
hemoglobin molecules as does 0 2.) Io_n_i_.?;e_g. CO2 is 
extremely soluble, in contrast to gaseous CO2. The 
concentration of hydrogen ions (H+) in the blood is 
crucial in control of respiration, as is discussed in the 
next section. 

Some airborne contaminants hurt the red blood 
cells' ability to combine chemically with O 2 
molecules. For example, carbon monoxide (CO) 
combines preferentially with the hemoglobin 
molecules, ther!:_!by preventing their combination 
with 02 molecules. P-nitroaniline, an organic vapor, 
changes the chemical state of the iron atoms, 
abolishing their capacity to combine with 02. 

Respiration Control 

, Respiration control is very complex, and can be 
i treated only superficially here. Furthermore, 
1

1
, respiration control as a reaction to increased work 
, rate is not fully understood. Brir>fly, however the 
\ major task of the nervous system in regulating 

I 
respiration rate and depth is to ensure that 0 2 is 
delivered to the cells and CO2 removed at exactly 

! the rate needed to meet the body's demands. 
(Remember, the body cannot store oxygen.) In.­
tuitively, one could guess that this has something to 

; do with maintaining proper P02 and PC02 levels in 
the blood, indeed, this is true. Generally speaking 
the Peli and PC02 balance remains relatively 

_ constant, no matter what the level of work. This fact 
'. implies that there must be a mechanism that can 
: react quickly to changes in this balance to bring the 



P02 and PC02 back into proper proportion, and this 
is also true, but not completely understood. 

The horl.,· is sensitive to changes in both P02 and 
PC02 . The P02 sensors are located in the carotid 
artery that supplies blood to the head, near the aorta 
leading from the heart. These sensors send their 
signals to the respiratory control center in the lower 
part of the brain, the medulla. If the P02 is reduced 
by about half, the control center increases lung ven­
tilation. Although this seems an insensitive 
mechanism, recent studies indicate that the body is 
much more sensitive to lowered 0 2 levels than was 
thought. What happens is that response to the high 
PC02 is much stronger than response to the lowered 
PO, . Therefore, the PCO.) response overrides the 
PO; response until the PO; becomes very low. 

This fact implies that the PC02 level influences 
respiration much more than does the P02 level. This 
is most emphatically true; however, the full answer 
lies not in the CO2 molecule itself, but in its ionized 
form in the blood, HC0°3 and H+. The latest 
information indicates that the H+ concentration in 
the cerebrospinal fluid surrounding the brain and 
spinal column is the controlling factor. Extremely 
sensitive sensors detect slight changes in the H + 
concentration and send signals to the respiratory 
control center, which brings the system back into 
balance almost immediately by reducing or in­
creasing the breathing rate. 

Such roundabout regulation of respiration may 
seem strange until one remembers that the brain is 
most easily damaged by lack of oxygen. It makes 
perfectly good sense that the regulatory mechanism 
is in the most critical area. In summary, control of 
respiration is related primarily to the PCO 2, not the 
P02 , concentration in the blood. 

Voluntary and Involuntary Control. The 
respiratory control system's response to changing gas· 
concentrations in the blood is something over which 
we have no conscious control; it is an involuntary 
response. Obviously, we do have a great deal of 
voluntary control, for we can hold our breath, adjust 
our breathing rate, and cough almost at will. 
However, this voluntary control has definite limits. 
For example, we can hold our breath only so long 
before the involuntary drive to breathe overrides our 
intention not to. 

Involuntary reactions of other parts of the nervous 
system sometimes affect the respiration rate. 
Emotional states, such as fear, joy, or sorrow can 
change it. Pain increases the respiration rate, and 
irritation of the respiratory passages causes ex­
plosive exhalation, or sneezing. 

Effect of Increased Work Rate. As physical activi­
ty increases, the respiration rate and volume in-

crease almost immediately as the body compensates 
for increased metabqlic demands through the . 
mechanism just described. Therefore, a greater 
volume of air per unit of time is taken into and ex­
pelled from the lungs. This volumetric flow rate is 
usually measured as the volume of air inhaled or ex­
haled per minute, called the minute volume and ex­
pressed in liters per minute {1pm). Instantaneous 
volumetric flow rates at any time during the 
breathing cycle are measured in the same units. 

Air Minute Volume Requirements. The typical 
worker breathes about 10 cubic meters (m 3 ) of air in 
8 hours . (A cubic meter is approximately a cubic 
yard.) On a minute volume basis, the flow rates may 
vary widely with the type of work, as Table 3-1 
shows. The minute volumes may range from ap­
proximately 9.3 1pm during rest periods to 132 !pm 
during the heaviest work. An 8-hour work day might 
involve total inhaled air volumes of 4.5 - 63.4 m 3 . 

Ten cubic meters in eight hours is about 20.8 1pm, or 
just slightly above the rate for light work. When one 
considers the situation if these volumes were laden 
with harmful respirable particulates or gases and 
vapors, the need for proper respiratory protection 
becomes apparent. 

Instantaneous Air Flow Rates. With increased 
physical activity, breathing volume and rate both 
increase as shown in Fig. 3-5. During rest, breathing 
is shallow and each cycle takes several seconds. As 
activity increases, the instantaneous flow rates in­
crease and each cycle becomes shorter as indicated 
by the curves for moderate and heavy work. The area 
under both cycles (totaled over l min) constitutes the 
minute volume. 

The high instantaneous flow rates required at high 
work rates become significant when one considers 

TABLE 3-1 

MINUTE VOLUME AIR FLOW RATES 

Activity 

Sleep 
Rest 
Light work 
Medium work 
Med heavy work 
Heavy work · 
Maximum work 

Minute Volume 
(1pm) 

6.0 
9.3 

19.7 
29.2 
40 
59.5 

132.0 
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Figure 3-5. 
Breathing rate and volume us activity level. 

the resistance to inhalation presented by most air­
purifying respirators. As the flow rate through a 
filter or bed of granular sorbent in a respirator in­
creases, (See Chap. 5) the resistance to air flow also 
increases. Therefore 30 CFR Part 11 keeps the 
allowable inhalation resistance offered by respirators 
at specified flow rates as low as possible. If the 
resistance is too great, the wearer expends extra 
energy in over-coming it, and the situation worsens 
as the work level increases. 



CHAPTER FOUR 

RESPIRATORY HAZARDS* 

RESPIRATORY HAZARDS 

In choosing the proper respirator for use against a 
specific hazard, one obviously must assess the type 
and extent of the hazard. Here, we will discuss the 
various classes of respiratory hazards, their effects 
on the body, and methods for evaluating them. 

Respiratory · hazards are either: 
Oxygen deficiency or 
Air contamination by 

Particulates, 
Vapor and gases, or a 
Combination of particulates, vapors, and gas­
es. 

Respiratory hazards in the work en\'ironment must 
be assessed to determine the effectiveness of 
engineering and administrative controls and to per­
mit selection of proper respirators. 

A hazardous or harmful atmosphere is one that is 
oxygen deficient or contains a toxic or disease­
producing particulate, vapor, or gas in a concentra­
tion immediately or ultimately dangerous to life or 
health, 

An atmosphere immediately dangerous to life or 
health poses an immediate threat to life or health or 
an immediate threat of exposure that will probably 
cause delayed harm. Whether there is an immediate 
threat depends partly on the physical configuration 
of the workplace. Can the worker, if his respirator 
fails, escape unharmed? The joint OSHA and 
NIOSH Standards Completion Program defines an 
atmosphere immediately dangerous to life and 
health as one from which a person cannot escape un­
protected within a half hour without irreversible 
health effects or one that has the potential for "ob­
vious severe eye or respiratory irritation which would 
inhibit escape without injury." 

An atmosphere not immediately hazardous to life 
or health may cause immediate physical discomfort 
or irritation, produce harm after prolonged exposure, 
or cause chronic poisoning after repeated short ex-

*With the kind permission of the American Optical 
Corporation, Southbridge, MA, this chapter is 
adapted in part from a "Refresher Course in 
Respiratory Protection," presented by W. H. Revoir 
at the 1974 Conference of the American Industrial 
H:vgiene Association in, Miami Beach, FL. 

posures, but it does not cause irreversible damage 
during a single exposure. 

THE NORMAL ATMOSPHERE 

Earth's atmosphere has an essentially fixed com­
position of the following gases in the dry state. 

Gas 

Nitrogen 
Oxygen 
Argon 
Carbon dioxide 

Vol% 

78.09 
20.95 
0.93 
0.04 

Partial 
Pressure 

(mm Hg at 
sea level) 

594 
159 

7 
0.03 

Normal air always contains small amounts· of other 
gases such as neon, helium, and krypton. Water 
vapor, an important constituent of the normal at­
mosphere, may be up to 5% of the total volume. Note 
that the per cent by volume of these gases does not. 
vary with altitude, but that the partial pressures 
decrease with increasing altitude because the total 
pressure decreases. 

OXYGEN DEFICIENCY 
,. 

An atmosphere that does not contain enough ox­
ygen to support metabolism for an unlimited period 
is called "oxygen deficient." The precise description 
of an oxygen deficient atmosphere is important for 
strictly physiological reasons and also for proper 
respirator selection. If an atmosphere is oxygen 
deficient, only atmosphere-supplying, not air­
purifying respirators may be used (see Chap. Five). 
Making this distinction would seem a simple matter 
of applying the description of an oxygen deficient at­
mosphere. Unfortunately, no one definition (value) 
is universally accepted. The range of definitions 
listed in government regulations and other 
documents can leave the respirator user in a quan­
dary. Table 4-1 is a partial listing of definitions, bas­
ed primarily on the volume per cent (vol%) of oxygen 
in the atmosphere at sea level. With a range of 16.0-
19.5 vol% to choose from, the respirator user's only 
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TABLE ,t-1 

DEFINITIONS OF OXYGEN i DEFICIF.NT ATMOSPHERE 

Source 

Oxygen 
Content 
(vol%) Conditions for Determination 

Sea 
Level PO 
(mm Hg) 

ACGIH Threshold Limit Values 
for 1973 18.0 " ... under normal atmosphere-pressure ... " 135 

Federal Regulations 
29 CFR Part 1915.81 
(Maritime Standards) 

29 CFR Part 1910.94 
(Ventilation Standards) 
29 CFR Part 1910.134 
(Respirator Standards) 
30 CFR Part 11 

16.5 (not specified) 

(not specified) 

(not specified) 

125.4 

(Respirator Approval Tests) 

19.5 

16.0 · 

19.5 " ... by volume at sea level... " 

148 

122 

148 

ANSI Standards 
Z88.2-1969 
(Respirator Practices) 16.0 " ... normal air ... " 122 

Z88,5-1973 
(Firefighting) 19.5 " ... where oxygen partial pressure is 

less than 148 mm Hg at sea level..." 
148 

K13.1-1973 
(Marketing of air-purifying 
canisters and cartridges) 19.5 " ... at sea level..." 148 

NOTE: ANSI Standard 286.1-1972, "Commodity Specification for Air," as revised in October 1974, specified 19.5-23.5 
vol% 0 2 for all grades of breathing air. 

practical course is to use the definition listed in the 
regulation by which his work is governed. 

It is instructive to consider oxygen deficiency (or, 
in medical terminology, anoxia apd asphyxia) from a 
strictly physiological standpoint. Anoxia is defined 
as diminished availability of oxygen to the cells of 
the body, and asphyxia is the condition of the body 
due to anoxia. (If the reader has not yet read Chap. 
Three, he should do so.) Table 4-2 lists the outward 
indications of ox:,.·gen defi C' ienC'y. or asph~·xia. and 
shows t hat in atmospheres containing less than 19 
vol Sc, oxygen some adverse physiological effects oc­
cur but they are unnoticeable. In atmospheres con­
taining less than 16 vol% oxygen, some impairment 
may be noticed. In those containing less than 6 vol% 
oxygen, death occurs quickly. 

16 

f 

\ 

Obviously, there are various opinions as to what 
constitutes an oxygen deficient atmosphere. 
Although we cannot change the legal definitions, we 
can place them in a physiological context. As 
described in Chap. Three, normal ambient air at sea 
level contains about 20.9 vol% oxygen, or 160-mm­
Hg P02 , which is reduced to 110-mm P02 in the 
alveolar space. As Fig. 4-i shows, the hemoglobin is · 
about 95c;, saturated with oxygen at this PO 2 level. 
As the oxygen content in the ambient air and, con­
sequently, the alveolar P02, are reduced, the 
saturation of the hemoglobin drops, but at an 
alveolar POi of 60-mm, the hemoglobin ~s still 90% 
saturated. It is at this point that most physiologists 
agree that oxygen deficiency symptoms become ·evi­
dent. In the following discussion, 60-mm Hg alveolar 
POi is taken to be the physiological limit that es­
tablishes an oxygen deficient atmosphere. 



TABLE 4-2 

EFFECTS OF OXYGEN DEFICIENCY 

(\Vol% 
At Sea Level Physiological Effect ------

16-12 Increased breathing volume, 
Accelera l(>d heartbeat, 
Impaired attention and thinking, 
Impaired coordination. 

14-10 Very faulty judgment, 
Very poor muscular coordination 
Muscular exertion causes rapid fatigue 

that may cause permanent heart. damage, 
Intermittent respiration. 

C 
:;; 

10-6 Nausea, 
Vomiting, 
Inability to perform vigorous movement, 

or loss of all movement., 
Unconsciousness, followed by death. 

Less than 6 Spasmatic breathing, 
Convulsive movements, 
Death in minutes. 
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Figure 4-1. 
Hemoglobin saturation curve. 
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P02 is taken to be the physiological limit that es­
tablishes an oxygen deficient atmosphere. 

This 60-mm-Hg P02 limit can be approached in 
two ways. The first is through reduction of the O 2 

content of the ambient air at a given altitude. At sea 
level, this means that the 02 content could drop to 
about 14.5 vol% before the P02 in the alveolar space 
dropped to 60 mm Hg. The lowest defined value, 
16%, in Table 4-1 therefore provides a margin of 
safety. 

The second way to approach a P02 of 60-mm Hg is 
through increasing altitude. Because the total at­
mospheric pressure decreases with altitude, the P02 
also decreases, until at about 10 000 ft the P02 in the 
aveolar space is about 60-mm Hg. (Remember that 
even at this high altitude the air still contains 20.9%' 
oxygen, but it is 20.9% of a much lower total. 
pressure.) The physiological significance is that 
altitudes over 10 000 ft are normally oxygen deficient­
and workers theoretically should be prohibited from· 
wearing air-purifying respirators. There are isolated 
locations, primarily in Colorado, where air-purifying 
respirators are being used at about 10 000 ft, ap­
_parently without difficulty, so even this statement 
cannot be taken as absolute. 

As the altitude increases, the P02 in the aveolar 
space comes closer to the 60-mm-Hg level. 
Therefore, a higher minimum volume per cent of O 2 

must be maintained to keep the alveolar P02 from 
dropping below 60. Figure 4-2 shows the minimum 
volume per cent of 02 in the air which must be 
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Figure 4-2. 
The effect of altitude on the definition of ox­
ygen deficient atmospheres. 
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maintained. Note that this does not provide any 
safety factor, as do the listed sea level definitions of 
oxygen deficiency. 

To understand Fig. 4-2, let us consider Denver, 
Colorado, at an elevation of 5280 ft. The solid line in­
dicates that an atmosphere in Denver must contain 
approximately 17.9 vol% oxygen to avoid being ox­
ygen deficient, assuming no safety factor. To 
calculate the same safety factor as the lowest sea 
level definition of oxygen deficiency-16 
vol %-provides, we can draw a line parallel to the 
solid line, starting at 16% at sea level. This dashed 
line indicates that we would need about 19.4 vol% 
02 in Denver to provide the same margin of safety 
that 16% provides at sea level. 

What should the respirator user do with informa­
tion that seems to disagree with the legal re­
quirements? The important thing is the respirator 
wearer's safety. If the legal definition of O 2 
deficiency is above the 02 level you can consider · 
safe for humans, you are justified in following the 
legal definition. If the 02 deficiency level as legally 
defined is less than the 02 concentration you believe 
safe for human exposure, you must consider raising 
your minimum 02 level above the legal limit. 
Although not infallible, the P02 limit of 60 mm Hg 
in the alveolar space should be the absolute 
minimum to which the 02 level should be allowed to 
drop. This means that the P02 in the ambient air 
should not drop below about 120 mm Hg. This 
problem is under study, and eventually "oxygen 
deficient atmosphere" will be redefined to eliminate 
the present discrepancies and account for the effect 
of altitude . 

ENTRY OF TOXIC MATERIALS INTO THE 
BODY 

Toxic materials can enter the body through the 
skin, the digestive tract, or the respiratory tract . 

Through the Skin 

When a toxic substance touches the skin, four 
things can happen. 
• The skin may act as a barrier that the substance 

cannot enter or penetrate. 
• The substance may injure the skin surface . 
• The substance may penetrate the skin surface and 

injure the skin tissues. 
• The substance may penetrate the skin, enter the 

blood stream, and be disseminated throughout the 
body to injure various parts of it. 
Generally the skin is an effective barrier, and few 

substances· enter the body through it. However, 
serious injury and even death may result from short 
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exposures of skin to high concentrations of certain 
very toxic substances, pesticides for example . 
Lacerations and open wounds obviously increase the 
possibility of their entering the body. 

By the Digestive System 

The body may absorb toxic substances through 
the digestive system . A harmful amount of toxic 
material can be swallowed accidentally, but inges­
tion of toxic substances is uncommon in industry. 
Particles in inspired air which are insoluble in the 
mucous of the respiratory tract may be carried to the 
mouth where they are either spit out or swallowed so 
that they enter the digestive system. 

The fact that a substance has been swallowed does 
not necessarily mean that it will be absorbed, as a 
certain selectivity in absorption through the walls of 
the digestive tract tends to prevent absorption of un­
natural substances or to limit the amount absorbed. 
Materials not absorbed are eliminated in the feces. 
Food and liquid in the digestive tract dilute the toxic 
substance and may react with it to produce a 
harmless or insoluble substance . Also, the toxic sub­
stance, if absorbed by the blood stream, will pass to 
the liver which may alter and detoxify it, but 
possibly be damaged in the process . 

By the Respiratory Tract 

The respiratory tract is the most important route 
by which toxic substances enter the body. (Most in­
dustrial poisonings result from inhalation of toxic 
substances.) One reason why the respiratory tract is 
the most important route of entry is that it has a 
much larger surface area than the skin or digestive 
tract. The surface area of the adult respiratory tract, 
about 70 - 100 m 2 during inhalation, is large 
compared to the total skin area, which is not over 2 
m 2 , or the total surface area 9f the digestive tract, 
which is not more than 10 m2 . The huge quantity of 
air inhaled, the continuous flow of blood through the 
pulmonary capi1laries surrounding the alveoli (see 
Chap. Three), and the fact that the air in the alveoli 
and the blood in the pulmonary capillaries are 
separated by membranes whose total thickness is 
only two cells also help make the respiratory tract 
the most important route. 

PARTICULATE 
(AEROSOLS) 

CONT AMIN ANTS 

Particles of solid or liquid matter suspended in air 
may be classified according to. their physical state 



and properties or according to their effects on the 
body . The term aerosol is often applied to particles 
in air. An aerosol is a system in which air is the con­
tinuous phase or dispersing medium and the par­
ticles are the dispersed phase or dispersoid. 

Physical Classification 

Mechanical Dispersoid. A mechanical dispersoid 
consists of particles of solid or liquid matter, formed 
and dispersed into air by mechanical means such as 
grinding, crushing, drilling, blasting, and spraying. 
Condensation Dispersoid. A condensation disper­
soid consists of particles of solid or liquid matter 
formed and dispersed into air by reactions such as 
combustion. 
Dust. A dust's dispersed phase is a solid mechanical 
dispersoid . Dust particles range from sub­
microscopic to visible . 
Spray. A spray's dispersed phase is a liquid 
mechanical dispersoid . The particles are generally 
visible . 
Fume. A fume's dispersed phase is a solid condensa­
tion dispersoid. The particles are extremely small, 
generally less than 1 µm in diameter. 
Mist. A mist's dispersed phase is a liquid condensa­
tion dispersoid. The particles vary from sub­
microscopic to visible. 
Fog. A fog is a mist dense enough to obscure vision. 
Smoke. Smoke generally is defined as the products 
of incomplete combustion of organic substances in 
the form of solid and liquid particles suspended in 
air and gaseous products mixed with air. It is usually 
visible or obscures vi~n. 
Smog. Smog may consist of any combination of p.is­
persoids, solid and/or liquid, suspended in air and 
gas or vapor contaminants dispersed in air. Smog 
sometimes is referred to as a mixture of fog and 
smok_e, H is generally visible or obscures visicm. 

Physiological Classification 

Nuisance and/or Inert. These aerosols produce no 
known injuries when inhaled but may cause discom­
fort and minor irritation. However, large quantities 
of nuisance and/or inert particulate may overwhelm 
the lungs' capacity to dispose of them and large 
deposits in the lungs may, in the long run, produce 
injury. Examples of nuisance and/or inert aerosols 
are dusts containing particulate clay, limestone, 
gypsum, or aluminum oxide. 
Inert Pulmonary Reaction Producing. These 
aerosols produce nonspecific reactions in the lungs. 
Examples are dusts containing particulate silicates 
or aluminum. 

Minimal Pulmonary Fibrosis Producing. These 
aerosols produce nodulation (discrete deposits of 
particulate) and a slight diffuse fibrosis (growth of 
scattered non-elastic tissue) in the lungs. Example 
are dusts containing particulate barium sulfate, 
iron, or iron oxide, and fumes containing particles of 
iron oxide or tin oxide. 
Extensive Pulmonary Fibrosis Producing. These 
aerosols produce extensive nodulation and fibrosis in 
the lungs. Examples are dust containing particulate 
silica and asbestos. Silicosis and asbestosis are the 
occupational diseases that result from breathing air 
containing these contaminants. 
Chemical Irritant. These aerosols irritate, inflame, 
and ulcerate the respiratory tract. Examples are 
dusts , sprays, fumes , and mists containing par­
ticulate acids, alkalies, peroxides, or chromates. . 
Systemic Poison. These aerosols when inhaled and 
absorbed produce toxic pathological reactions, in­
cluding cancer in various body systems. Examples 
are dusts, sprays, fumes, and mists containing par­
ticulate lead, manganese, cadmium, pesticides, or 
radioactive materials. · 
Allergy-Producing. These aerosols produce 
allergic, hypersensitivity reactions such as itching, 
swollen membranes, and increased liquid secretion 
in the nose; sneezing; labored breathing; and reduc­
ed ventilating capacity of the lungs. Examples are 
dusts containing particulate pollen, plastic resins, 
gums, spices, fur fibers, tobacco, or vegetable fibers 
such as cotton , jute, and soft hemp. 
Febrile-Reaction Producing. These aerosols 
produce chills followed by intense fever. Examples 
are dusts containing particulate bagasse (sugar cane 
residue) and fumes containing particulate metals 
such as zinc and copper. 

GASEOUS CONTAMINANTS 

Vapors. or gases mixed with air also may be 
classified according to their chemical properties and 
composition or their physiological effects. 

Chemical Classification 

Gaseous air contaminants ca~not be classified 
perfectly according to chemical composition and 
properties , because there are a multitude of 
chemical compositions and the chemical properties 
within each can vary widely. The following is a 
meaningful classification system for air con­
taminants. Some of the classes depend on chemical 
composition only; others involve chemical properties 
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only. Some contaminants could belong to more than 
one chemical class. 
Acidic. Gaseous air contaminants that are acids or 
react with water to become acid are called acid 
vapors and gases. Acids contain hydrogen and 
produce positively charged hydrogen ions when dis­
solved in water. Acids taste sour, are corrosive, react 
with metals to produce hydrogen gas and salts, and 
react with alkaline substances to produce salts. 
Acids that readily release hydrogen ions in water 
solution and react rapidly with other substances are 
called strong; those that do not are called weak. 
Strong acid gaseous contaminants include hydrogen 
chloride, sulfur dioxide, chlorine, and fluorine; weak 
ones are carbon dioxide, hydrogen sulfide, and 
hydrogen cyanide. The toxicity does not depend 
upon the strength; some of the most toxic gaseous air 
contaminants are weak acids. 
Alkaline. Gaseous air contaminants that are 
alkalies or react with water to become alkaline are 
called alkaline (or basic) vapors and gases. Alkalies 
(or bases) produce negatively charged hydroxyl ions 
when dissolved in water. (A hydroxyl ion consists of 
an oxygen and a hydrogen atom, but acts like a 
single entity. It always has a negative charge.) 
Alkalies taste bitter, may be corrosive, cause organic 
materials to disintegrate, and react with acids to 
produce salts. Alkalies that readily produce hydrox­
yl ions in water solution and react readily with other 
substances are called strong; those that do not are 
called weak. No really strong alkaline substances ex­
ist in the gaseous state. The toxicity does not depend 
upon the strength; some of the most toxic gaseous air 
contaminants are very weak alkalies. Examples of 
gaseous air contaminants that can be considered 
moderate to weak alkalies are ammonia and amines; 
very weak ones include phosphine, arsine, and 
stibine. 
Organic. Gaseous air contaminants that are organic 
compounds are classified as organic vapors and gas­
es. Organic compounds are compounds of carbon, 
which can form many compounds because its atoms 
can share electrons with many other kinds of atoms 
and with many other carbon atoms. There are 
thousands of known organic compounds and more 
are discovered or synthesized constantly. 

Organic compounds are classified by molecular 
structure . Some of the more common and important 
organic gaseous air contaminants are vapors and 
gases of saturated hydrocarbons such as methane, 
ethane, and propane; unsaturated hydrocarbons 
such as ethylene and acetylene; methyl and ethyl 
alcohol; methyl and ethyl ether; formaldehyde and 
acetaldehyde; dimethyl and methyl-ether ketone; 
formic and acetic acid; halides such as chloroform, 
carbon tetrachloride, and trichlorethylene; for­
mamide and acetamide; toluene diisocyanate; 
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methylamine and and ethylamine; epoxies such as 
epoxyethane, epichlorohydrin, and propylene oxide; 
and aromatics such as benzene, toluene, and xylene. 
Organometallic. Organometallic compounds are 
those in which metals are chemically bonded to 
organic groups. Some are volatile and can become 
gaseous air contaminants. One example is tetraethyl 
lead. 
Hydride. Hydrides are compounds in which 
hydrogen is chemically bonded to metals and 
metalloids (elements intermediate between metals 
and nonmetals). Examples of gaseous hydride air 
contaminants are diborane, pentaborane, and 
decaborane. 
Inert. Substances that seldom react chemically with 
other substances are called inert. Inert gases include 
helium, neon, argon, krypton, and xenon. 

Physiological Classification 

Gaseous air contaminants can be classified by 
their effect on the body. Such classification is im­
perfect because the effects of many vapors and gases 
depend on their concentrations and some have more 
than one effect. 
Irritant. Gaseous irritants are corrosive . They injure 
the respiratory tract by producing painful inflamma­
tion and increased mucus secretion. Severe inflam­
mation and a large accumulation of mucus may 
close the respiratory tract and cause suffocation. 
Inflammation of the lungs' terminal air sacs, the 
alveoli , may cause pulmonary edema, increased 
secretion of fluids into the alveoli and the spaces 
between them . This edema may interfere severely 
wi t h gas exchange between the air in the alveoli and 
the blood in the pulmonary capillaries and obstruct 
blood flow through the pulmonary capillaries, thus 
straining the heart. Pulmonary edema can kill by 
suffocation or heart failure. Gaseous irritants that 
affect the upper respiratory tract include ammonia, 
hydrogen chloride, hydrogen fluoride, sulfur triox­
ide, formaldehyde, acetaldehyde, and vinegar. 
Those that affect both the upper and lower 
respiratory tract include sulfur dioxide, iodine, 
bromine, chlorine, fluorine, ozone, phosphorous 
trichloride, and phosphorus pentachloride . Those 
that affect chiefly the lower and terminal parts are 
nitrogen dioxide, phosgene, and arsenic trichloride. 
Asphyxiant. Gaseous asphyxiants interfere with the 
supply or use of oxygen in the body_. They act 
without directly interfering with breathing. They 
may be subdivided into two groups, simple and 
chemical. Simple asphyxiants are inert gases that 
dilute the oxygen in the air below the concentration 
required for body function . They must be present in 
quantity to have appreciable effect. Chemical 



asphyxiants, even in very low concentrations, by 
diluting the ambient atmosphere, interfere with the 
supply of oxygen or its use in the body. They prevent 
the blood from transporting oxygen from the lungs to 
the body tissue cells or prevent the tissue cells from 
using oxygen to release the energy needed for life. 
Asphyxiation may kill or it may injure various 
organs, particularly the nervous system. Simple 
asphyxiants include nitrogen, · hydrogen, helium, 
methane, and ethane. Chemical asphyxiants include 
carbon monoxide which combines with hemoglobin, 
thus interfering with the blood's oxygen-carrying 
capacity , and hydrogen cyanide which inhibits 
utilization of oxygen in tissue cells by interfering 
with the catalytic action of enzymes that regulate 
the reactions of oxygen with substances in the cells. 
Anesthetic. Anesthesia is partial or complete loss of 
sensation. Local anethesia is loss of sensation in a 
particular area, whereas general anesthesia is total 
loss of sensation and unconsciousness. Gas or vapor 
anesthetics depress the central nervous system. The 
initial effect is mild intoxication with dizziness and 
loss of coordination. Continued exposure causes un­
consciousness, and severe or long exposure may 
cause respiratory paralysis and death. All organic 
vapors and gases are anesthetics. Some are also 
systemic poisons, as mentioned below. Anesthetics 
are sometimes called narcotics. Anesthetics that 
generally have no serious effects are nitrous oxide, 
hydrocarbons (such as propane, butane, ethylene, · 
and acetylene), and ethyl and isopropyl ether. 
Systemic Poison. Gaseous systemic poisons injure 
specific organs and body systems. They include mer­
cury, a protoplasmic poison (a substance that 
destroys the vitality of any living matter it contacts) 
that damages mainly the nervous system, the 
kidneys, and various glands and undermines the 
general health; phosphorus that makes bones fragile; 
hydrogen sulfide that paralyzes the respiratory con­
trol center and stops breathing; hydrogen selenide 
that severely injures the liver and spleen; and arsine 
that destroys red blood cells ; and severely injures the 
liver. 

Carbon tetrachloride injures the liver and kidneys; 
methyl chloride severely injures the kidneys, heart, 
and nervous system; ethylene dichloride severely in­
jures the liver and kidneys; benzene damages bone 
marrow where the red blood cells are formed and 
thus interferes with production of red blood cells; 
and methyl alcohol seriously damages the nervous 
system, especially the optic nerve. 

EXPRESSING AIR CONTAMINANT 
CONCENTRATIONS 

The concentration of particles suspended in air 
may be expressed as the number of particles or as 
the mass of particles in a given volume of air. When 
concentration is expressed as the number of par­
ticles, it generally is given in terms of millions of par­
ticles in.one cubic foot (abbreviated mppcf) or as the 
number of particles in one cubic centimeter (ppcc) . 
When concentration is expressed as the mass of par­
ticles, it usually is given in terms of milligrams of 
partfculate in one cubic meter (mg/m3), milligrams 
in one liter (mg/I), .~r micro_g!~ms in one liter µg/1). 

The concentration of vapor or gas in air may be ex­
pressed as the per cent by volume or as the number 
of volumes per million volumes of air (ppm) . 
Sometimes, extremely small quantities are given as 
the number of volumes per billion volumes of air 
(ppb) . When the concentration is expressed as the 
mass of vapor or gas in a given volume of air, it 
generally is given as the number of milligrams per 
cubic meter (mg/m3 ) or per liter (mg/f). 

HAZARD EVALUATION 

Normally, respiratory hazards are evaluated by a 
safety engineer who understands the concepts of in­
dustrial hygiene. The industrial hygienist or safety 
engineer often calls upon other specialists such as 
the industrial physician, toxicologist, and chemist. 
The evaluator must have the cooperation of others in 
obtaining information on the industrial process, the 
work area, and work activities and materials. 

Small firms that do not have their own industrial 
hygienist or safety engineer may have respiratory 
hazards assessed by qualified personnel from out­
side . Casualty insurance companies employ in­
dustrial hygienists to make occupational health sur­
veys of insured firms . There are also many private 
industrial hygiene consultants and consulting firms . 
Most states have an industrial hygiene division in 
their department of labor or health which will make 
studies without charge. The OSHA requires the U.S . 
Department of Health, Education, and Welfare 
(HEW) to evaluate hazards on written request by 
any employer or group of employees. Such 
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evaluations are free. (If HEW finds a violation of 
OSHA standards, there will not automatically be an 
OSHA inspection.) The NIOSH Health Hazard 
Evaluation Program is given in the code of Federal 
Regulations (42 CFR 85, Federal Register, Nov. 7, 
1972). 

Procedure 

Proper assessment of industrial respiratory 
hazards involves a systematic procedure such as: 

Learning about the industrial process, including 
Construction of equipment, 
Operation of equipment, 
Physical conditions during equipment opera­
tion. 

Learning about the work area, including 
Size, 
Equipment layout, 
Ventilation, 
Temperature and humidity. 

Learning about personnel activity in the work 
area, including 

Job routines, 
Work locations, 
Time spent in work area, both continuously and 
intermittently, 
Work rates. 

Learning about the materials involved in the 
process, including 

Raw materials, 
End-products, 
Actual and potential by-products. 

Listing known and potential respiratory hazards, 
including their 

Chemical composition, 
Type (oxygen deficiency or air contamination) 
Acute and chronic toxicity at various concen­
trations. 
Established concentration limits for breathing. 

Using the above information to select the proper 
instrument(s) and procedure(s) for determining 
the degree of workers' exposure to respiratory 
hazards. 
Using the instruments to measure 

Time-weighted average exposure concen­
trations, 
Peak exposure concentrations 

If possible, having a biochemist test body tissues 
and wastes to determine worker exposure to 
respiratory hazards. 
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Having a physician determine how the hazards 
affect exposed workers. 
Studying and evaluating the measured time­
weighted average and peak exposure levels. Com­
paring them with the biochemical and 

physiological test results and with established 
concentration limits for breathing, to determine 
whether and how to improve engineering and ad­
ministrative controls to eliminate or reduce the 
hazards and to determine what types of rrs­
pi rat ors. ii' an:,. arP m.>Pded in the menntime. 
The above procedure is only one of many ap-

proaches, and some parts may not be applicable in a 
given situation, whereas other conditions may re­
quire additional considerations. Industrial hygiene 
experience and professional judgment should play 
an important part in any hazard evaluation 
procedure. 

Identification of Potential Hazards 

Detailed information about the physical and 
C'h<·;nicnl characteristics of raw materials. end­
products, and by-products of the industrial process 
should be available from the manufacturing or 
engineering departments. If they provide insufficient 
information, it may be necessary to consult the 
purchasing department or the material suppliers. If 
data on end-products are inadequate, it may be 
necessary to consult a chemist or engineer. Deter­
mination of what by-products are produced may re­
quire considering all possible chemical reactions 
that could occur. Consultation with a chemist or 
engineer who will consider the raw materials and the 
conditions under which they are processed may be 
helpful. 

Identifying potential respiratory hazards in an in­
dustrial work area requires thorough knowledge of 
the raw materials, end-products, and by-products, 
the industrial process, the means by which sub­
stances could escape from the processing equipment 
into the work area, and chemical reactions that 
could take place between escaped substances and 
the atmosphere in the work area or other materials 
present there. Many relatively inert, nontoxic 
materials, when machined, heated, dissolved in li­
quids, or placed in contact with other materials, 
decompose or react to form highly toxic substances. 

The type and form of a hazard are determined by 
the materials and conditions. Dust may be 
generated by crushing, grinding, abrading, or 
polishing solids. Spray particles may be produced by 
atomizing a liquid . Heating and vaporizing a solid 
may form a solid fume particulate when the vapor 
condenses. Liquid mist particles can be produced 
when a vapor condenses. Often, fume and mist par­
ticles are formed through oxidation of finely divided 
condensation particles by the oxygen in the air. Two 
gases may react chemically to produce solid fume or 
liquid mist particles, and the hazard then may con­
sist of both particulate and gas. Heating some solids 
and liquids decomposes them and releases gas. 



Some vapors and gases react with water vapor in 
the air to generate new vapors, gases, or liquid par­
ticles. Certain gases have a great affinity for water, 
and their molecules act as nuclei for condensation of 
water vapor that will cause development of a liquid 
mist particulate. 

Certain solid particles also act as nuclei for water 
vapor condensation to form liquid mist particles. 
High temperatures like those in welding and cutting 
flames cause nitrogen and oxygen in the air to form 
toxic gaseous nitrogen oxides. Radiant energy from 
sources such as gas-shielded welding arcs may 
decompose chlorinated hydrocarbon vapors to 
produce new substances including highly toxic 
phosgene gas. 

In an enclosed space, some substances slowly com­
bine with the oxygen in the air to produce an oxygen­
deficient atmosphere. Release of a large quantity of 
gas, although it is inert or nontoxic, can dilute the 
oxygen in a work space and cause oxygen deficiency. 

Toxicity 

Toxicity and hazard are not the same. Toxicity is 
a material's ability to hurt the body. A hazard is tox­
ic material in a condition in which it can cause bodi­
ly harm. Almost any substance can be ·toxic if 
enough of it is absorbed . Toxicity depends on the 
quantity of material absorbed and the rate, method, 
and site of absorption. In assessing respirator 
hazards, toxicities should be considered. 

Information on toxicity is given in industrial 
hygiene and occupational medicine journals and 
books, product bulletins, and product labels. It also 
can be obtained from Industrial Safety Data Sheets, . 
published by the National Safety Council (NSC); 
Hygiene Guides, published by the American In- : 
dustrial Hygiene Association; and Chemical Safety 
Data Sheets, published by the Manufacturing 
Chemists Association. Toxicity information also is 
available from casualty insurance firms, the in- ' 
dustrial hygiene division of state labor or medical 
departments, and the manufacturers of chemical 
products. Also, consulting toxicologists are available 
for a fee . Any regional NIOSH or HEW office will 
provide free toxicity data. These offices have access 
to NIOSH computerized technical information. 

The OSHA requires HEW to publish, at least an­
nually, a list of all known toxic substances and the 
concentrations at which they become toxic. The act 
also requires HEW to determine, upon written re­
quest by an employer or authorized employee 
representative, whether any substance in the work 
area atmosphere is potentially toxic in the concen­
trations used or found. 

Concentration Limits 

Recently enacted federal occupational safety and 
health laws require that workers be provided a safe, 
healthful work environment. They specify at­
mospheric quality standards for work areas and list 
time-weighted average concentrations and, in some 
cases, ceiling concentrations for air contaminants. 
These laws and standards necessitate use of 
engineering and administrative controls to reduce 
respiratory hazards in work areas to levels that will 
not cause bodily harm, and if these controls are in­
adequate or not feasible, workers must wear suitable 
respirators. 

Determining Degree of Exposure 

The degree of exposure to respiratory hazards is 
determined by measuring the concentration of air­
borne contaminant in the worker's breathing zone. 
This testing must be adequate to define the time­
weighted average concentration and the peak con-

. centration. The volume of air sampled must contain 
enough of the substance for accurate analysis. The 
volume to be sampled, or the duration of sampling, 
depends on: 

Estimated concentration of the substance, 
Sensitivity of instrument and test procedures. 
Established concentration limit for the substance. 
Concentrations of a substance in the worker's 

breathing zone should be measured during the time 
he spends in the work area to define the time­
weighted average concentration and peak concentra-

. tion accurately. The concentrations are affected by 
changes in process operation, changes in rate and 
direction of air movement and temperature,changes 
from day to .night operations, and seasonal changes. 

Instruments and Procedures 

There are many instruments and procedures for 
measuring concentrations of airborne substances. 
There is no single, universal instrument for all such 
measurements, and there probably never will be. In 
fact , the trend is toward development of a greater 
number of specialized instruments. 

Instruments and procedures may be classified as 
follows: 

Those that give a direct reading, 
Those that remove the substance from a measured 
volume of air for later analysis, 
Those that collect and retain a measured volume 

. of air for later analysis. Choice of instrument and 
procedure depends on many factors, including: 
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Portability of instrument and ease of operation, 
Sensitivity and accuracy of instrument or 
procedure, 
Reliability of instrument, 
Availability of instrument, 
Type of information desired, 
Personal experience. 
Grab, or instantaneous direct reading, tests re­

quire only a few seconds to a few minutes. They in­
dicate fluctuations in concentration of airborne sub­
stances and are useful in determining maximum and 
minimum concentrations. Many grab tests or 
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samples are needed to determ1ne a time-weighted 
average concentration. 

A continuous test or collected sample requires 
from several minutes to an entire work shift. Such 
tests give information on the average concentration 
of the airborne substance. There is a definite need 
for both grab and continuous methods, as both give 
useful information. Instruments and procedures for 
measuring air contaminant concentrations are 
specified in some federal standards. Both NIOSH 
and OSHA have published such lists. 



CHAPTER FIVE 

RESPIRATORS 

Several hundred different respirators have been 
appproved under various BOM schedules and 30 
CFR Part 11 . To select the correct respirator for 
protection against a particular hazard as the OSHA 
requires, one must have a thorough knowledge of 
those available . Choosing among the hundreds of 
devices as individual items would be a formidable 
task. 

Unfortunately, there has been a tendency to think 
of respirators as individual items rather than as part 
of a system. The 30 CFR Part 11 approval tests, as 
well as the old BOM tests, cultivated this attitude 
by approving respirators for protection against 
specific hazards or groups of hazards, for example, 
only dust, fumes, and mists, or a specific gas or 
vapor. 

Here, we take a different approach and present 
respirators by classes. There are two major classes 
each of which has many subclasses of the basic 
respirator modified for particular purposes. Study of 
this chapter, especially Figs . 5-1 and 5-2, will make 
selection and use of the pro.per device easier. 

GENERAL RESPIRATOR CLASSIFICATIONS 

The basic purpose of any respirator is, very simp­
ly, to protect the respiratory system from harmful 
airborne physical or chemical agents. It provides this 
protection by removing the contaminant from the air 
before it is inhaled or by supplying an independent 
source of respirable air. 

Basically, a respirator is an enclosure (in 30 CFR 
11 terms, a respiratory inlet covering) that covers the 
nose and mouth or the entire face or head. They are 
of two general types, tight fitting and loose fitting. 
Tight-fitting ones are g~nerally a molded, imper­
vious rubber or plastic facepiece that covers the nose 
and mouth or the entire face. In the latter case, the 
facepiece has a lens or eyepieces. Sometimes these 
coverings are called "masks" or, more technically, 
"oronasal masks." A mouthpiece, held in the 
wearer's mouth and a clamp that closes his nostrils 
sometimes make up the respirator. 

Loose-fitting respirators include hoods, helmets, 
blouses, or full suits, all of which cover the head 
completely. Their configuration varies widely depen­
ding on the use for which they are designed. 

Attached to the coverings are the elements for 
removing contaminants from the air (in tight-fitting 
facepieces only), or hoses to supply respirable air (in 
both tight- and loose-fitting coverings). It is these 
accessories that divide respirators into two major 
classes. If the device removes contaminants, it is an 
air-purifying respirator (see Fig. 5-1) . These devices 
do not supply oxygen, so they cannot be used in 
oxygen-deficient atmospheres. This point must 
never be forgotten. A wide variety of air-purifying 
elements are available to tailor respirators for 
protection against specific contaminants. These also 
fall into two subclasses; particulate-removing 
elements that intercept particles before they enter 
the facepiece, and vapor- and gas-removing 
elements that entrap gas and vapor molecules. Here 
we call particulate-removing elements "filters" and 
vapor- and gas-removing elements either "chemical 
cartridges" or "canisters." Combination elements 
for protection against both particulates and vapors 
and gases are also available. 

If, instead of cleaning the air, the accessory at­
tached to the respirator provides respirable air from 
a source other than the surrounding atmosphere, the 
respirator is called atmosphere-supplying (see Fig. 
5-2) . These respirators are generally complex and 
come in many configurations. Because they supply 
breathable air, they may be used in oxygen-deficient 
atmospheres (subject to some limitations) as well as 
against particulates, vapors, and gases. 

Air-Purifying and Atmosphere-Supplying 
Respirators 

Here, we will discuss air-purifying respirators by 
the types available for use against specific hazards. 
Atmosphere-supplying devices are more nearly of a 
single type, so they are subclassified by mode of 
operation . 

Classification of air-purifying respirators is dic­
tated primarily by the NIOSH approval tests in 30 
CFR Part 11 (see App . B). This approval is reflected 
in Figs. 5-1 and 5-2 where the pertinent Part 11 
paragraphs are indicated below each type of device. 
To fully understand this relationship, one might use 
Figs. 5-1 and 5-2 and the appropriate paragraphs in 
Part 11 together. 
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,----------AIR PURIFYING RESPIRATORs----------, 

PARTICULATE COMBINATION PARTICULATE-REMOVING VAPOR· AND GAS. 
REMOVING AND VAPOR- AND GAS-REMOVING REMOVING 

l 
Single Use Replaceable or Reusable Filter 

MoutLiece 111 ,-----J 
CluaJtor - I 

Half Mask Non-Powered 
Full Facepieoel11 I 

I Mouthpiece 
Single use-disposabk! respirator. Fil- Quarter Mask 
tering surface permanently attached Half Mask 

to facepiece body.I Full Frepiece 

Particulate filter for protection a- Molded facepiece equipped with re-
gainst pneaumoconiosis-and fibrosis placeable or reusable filter(s) . 

producing dusts. I 
11.130(hl 

I 
Powered 

MouJplecel11 
Quarter Mask(l) 

Half Maskl1) 
Full Facepiecel11 

Hood or Helmet 

I 
Molded facepiece , hood, or helmet 
usually equipped with breathing tube 
and electrically powered blower to 
which replaceable or reusable filter is 
attached. 

Particulate filter for protection a----------' 
gainst the following: 

(1) No devices with this configuration presentty 
approved (October 1975), although the potential 
exists for the design, manufacture, and 

Dusts 
11.130(a) 

Mists 
11.130(c) 

Radon daughters 
11.130(e) 

Combinations of 
any of the above 

11.130(g) 

approval in the future . 

Metal fumes 
11.130(b) 

Toxic dusts 
11.1301d) 

Asbestos dust 
and min 
11 .130111 

Figure · 5-1 ( a). 
Particulate removing respirators. 

I AIR PURIFYING RESPIRATORS I 
PARTICULATE COMBINATION PARTICULATE-REMOVING VAPOR- AND GAS. 

REMOVING AND VAPOR- AND GAS-REMOVING REMOVING 

I 
Single u19121 Replaceable Cartridge, Canister, and filter 

I I 
Mouthpiece I I 

Ouarter Mask 
Half Mask Powered 12) Non-Powered 

Full Facepiece I I 
I Mouthpiece Mouthpiecel1 I 

Single u,e-disposable res- Quarter Mask Quarter Maski 11 
pirator. Filtering surface Half Mask Half Mask 
and sorbent bed perma· full facepiece full facepiece 
nently attached to face- Hood or Helmet I 
p;oce body. • I 

I 
Paint Sprays 

11.162-4 

Molded facepiece, hood or 
helmet equipped with 
breathing tube and elect­
rically powered blower to 
which replaceable combin­
ation filter and cartridge 
is attached. 

Particulate filter in com­
bination with sorbent(s) 
for one or more vapor(s) 
and gas(es) for protec\ion 
against the following : 

l 
Partia.alates, 

vapon, and gases 
11.162-7 

Molded facepiece equipped 
with replaceable combina· 
tion filter(s) and cart· 
ridge(s). 

I 
Pesticides 

11.170 

1 

(11 Classified as "escape gas mask" 
11.90(al(4) 

(2) No devices with this configuration presently 
approved (October 1975), although the potential 

exists for the design, manufacture, and 
approval in the future. 

"Gas iask" 
Molded full facepiece 
equipped with breathing 
tube and chest, back, or 
ohin mounted canister. 

I 
Particulate filter in com· 
bination with sorbent(s) 
for protection against par· 
ticulates, vapors, and gases, 
and on some (Type N) 
carbon monoxide . 

11.90 

Figure 5-l(b) . 
Combination particulate- and vapor- and gas-removing respirators. 



I 
AIR PURIFYING RESPIRATORS l 

PARTICULATE COMBINATION PARTICULATE-REMOVING VAPOR- AND GAS. 
REMOVING AND VAPOR- AND GAS-REMOVING REMOVING 

Single u.(2) Replaceable Cartridge or Canister 

Mou.LOOI ~ 
Quarter Mask I ,_, 

Half Mask Poweredl2) 
Full Facepieot I 

I Moutllpiece 
Single use-disposable res- Quarter Mask 
pirator. Sorbent bed is Half Mask 
permanently attached to Full Facepiece 
facepiece body. Hood oj Helmet 

Mokted facepiece, hood, 
or helmet equipped with 
breathing tube and elect· 
rically powered blower 
with attached canister. 

Sorbent(s) for protection 
against vaporls) and gas(es). 

11.150 

l 
Non-Powered 

I 
Mouthpiecel1) 

Quarter Mask 
Half Maski!) 

Full Falcepiece 

Molded facepiece equipped 
with replaceable cart­
ridge(s). 

Figure 5-l(c). 

I 

(1) Classified as "escape gas mask" 
11.90(a)(4) 

(2) No devices with this configuration presently 
approved (October 1975), although the potential 
exists for the design, manufacture, and 
approval in the future. 

I 
"'Gas M811<" 

I 
Molded faceptece equipped 
with breathing tube and 
chest, back, or chin mount-

ed camistor. I 
Sorbent(s) for protection 
against vapor(s) and gas(s). 

11.90 

Vapor- and gas-removing respirators. 

,---------ATMOSPHERE SUPPLYING RESPIRATORS---------, 

COMBINATION 
SELF-CONTAINED SELF-CONTAINED SUPPLIED AIR 

BREATHING APPARATUS BREATHING APPARATUS RESPIRATORS I AND SUPPLIED AIR 

I 
CJoted Circuit 

Compressed Oxygen 
Chemical Oxygen 

Uquid 9xyge:n 

Doniand 

I 
4 houn 
3 hours 
2 hours 
1 hour 

I 
Approved fa< 
mine rescue 
11.53(1)(1 to 4) 
11.70(c) 

Mouthpiece 
Cluartor Mask 

Half M811< 
Full Facepiece 

(Servil Time) 

45 minu~ 
30 minutes 

I 
Approved for 
auxiliary mine 
n,sa,e 

11 .53(1)(5,6) 
11.70(d) 

Figure 5-2( a) . 
Self-contained breathing apparatus. 

I 
Open Circuit 

Compressed Air 
ComPfM'll(I Oxygen 

Liquid Air 
Liquid Oxygen 

Pressuro 
Demand 

15 minutes 
10 minutes 
5 minutes 
3 minutes 

I 
Recommended for 
escape use only 
11.53(7 to 10) 
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~-------ATMOSPHERE SUPPLYING RESPIRATORS--------. 

COMBINATION 
SELF-CONTAINED 

BREATHING APPARATUS 
SELF-CONTAINED SUPPLIED AIR 

BREATHING APPARATUS RESPIRATORS 

I 
Demand 

I 

3, 5, or 10 minute 
service time 
11.70(b)(1) 

AND SUPrlED AIR 

Typo C or CE 
Supplied Air 
Respirator with 
Auxiliary Air 
S..pply 

I 
Ouarter Mnk 

Half Mask 
Full Facepiece 

Hood or Helmet 

I 
Preuure 
Demand 

l 
Auxiliary 
Compressed 
Air Supply 

Figure 5-2(b). 

I 
Continuous 

Flow 

I 

>15 minutll 
.-vice time 
11.70(b)(2) 

Combination SCBA and supplied air respirators. 

I ATMOSPHERE SUPPLYING RESPIRATORS 

COMBINATION 
SELF-CONTAINED SELF-CONTAINED SUPPLIED AIR 

BREATHING APPARATUS BREATHING APPARATUS RESPIRATORS 
AND SUPPLIED AIR I 

Hose Mask Airline ~-n ~.~ 
Half Mask Hood or Helmet Half Mask Hood or Helmet 

'"" ,_ ~ '•" ··~-
.rJ.. ... ..~.. J. 1 ~.L 

BITer Blower Bloier Blower TOemand Flow 

11 .110(aH11 11 .110(aH2) 
Typo A Typo AE 

J ..... J... .. ~L Lf 3 
11.110(a)(3) 11 .110(a)(4) 11 .110(a)(5) 

Type B Type BE Type C 

(1) No devices with this configuration prnentty 
approved (October 1975), although Iha po-tilll 
exists for the design, m.-,ufac:ture, and 
approval in the future. 

Figure 5-2( c). 
Supplied air respirators. 

11.110(a)(6) 
Type CE 



Particulate-removing respirators are generally 
called " dus_t,'' " fume ," or " mist" respirators, or 
combinations thereof. Although the implication is 
that there are specialized respirators for specialized 
functions, all dust, fu 111 , ·. and mist respirators 
prot<'ct in exactly the some ll'ay, by removing and 
retaining th e part iculate before it can be inhaled. 
The types of particulate-removing respirators that 
may be approved are listed in 30 CFR Part 11 K, 
"Dust, Fume, and Mist Respirators." 

Vapor- and gas-removing respirators for protec-
tion against specific hazards are available. Chemical 
cartridges and canisters are approved under Part 11 
for protection against acid gases, such as sulfur diox­
ide (802) and nitrogen dioxide (N0 2), alkaline 
gases, such as ammonia (NH3), and organic vapors 
such as carbon tetrachloride or carbon monoxide 
(CO). The approvals may be for a single vapor or gas 
or a combination of several. Further descriptions are 
given in Part 11 , Subparts I, L, and M, "Gas 
Masks," " Chemical Cartridge Respirators ," and 
"Pesticide Respirators," respectively. These Sub­
parts also describe the combination particulate and 
gas- and vapor-removing respirators such as paint 
spray respirators and those for protection against 
pesticides. 

Atmosphere-supplying respirators (Fig. 5-2) are 
divided into self-contained and supplied-air types. 
When wearing self-contained apparatus, the user 
carries a supply of respirable air or oxygen and can 
move around as he pleases. Supplied-air respirators 
depend on air supplied through a hose. They use 
compressed air, never compressed oxygen. See Part 
11 H, " Self-Contained Breathing Apparatus," and J , 
"Supplied -Air Respirators ." The pertinent 
paragraphs are indicated under each device in Fig. 
5-2. 

Combination self-contained and supplied-air 
respirators are covered by Part 11 H. These are 
generally supplied-air respirators to which a small 
auxiliary compressed air supply is attached for 
emergency escape use. 

Respiratory Inlet Coverings 

The respiratory inlet covering serves as an imper­
vious barrier against the contaminated atmosphere 
and as a framework to which air-purifying or 
atmosphere-supplying elements may be attached. 

Tight-Fitting Coverings. Tight-fitting coverings 
are usually called "facepieces" and made of flexible 
molded rubber or plastic. Rubber or woven elastic 
headstraps are attached at two to six points. They 
buckle together at the back of the head , or 
sometimes are a continuous loop of material. 

Facepieces are available in three basic con­
figurations. The first, called a "quarter-mask," 
covers the mouth and nose, and the lower sealing 
surface rests between chin and mouth (Fig. 5-3). 
Good protection may be obtained with a quarter­
mask, but it is more easily dislodged than other 
types. Some "dust" respirators have quarter-masks. 

A second type, the " half-mask ," fits over the nose 
and under the chin (Fig. 5-4) . Half-masks generally 
seal more reliably than quarter-masks, so they are 
preferred for use against more toxic materials. 

A third type (Fig. 5-5) is the "full facepiece," 
which covers from roughly the hairline to below the 
chin. They provide the greatest protection and 
usually seal most reliably. Also, the lenses or 
eyepieces must meet the impact and penetration 
requirements of Federal Specification GGG-M-125d, 
October 11, 1965, and thereby provide eye protection 
as well. Full-facepiece respirators, both air-purifying 

Exhalation Valve 

Figure 5-3. 
Typical quarter-mask respirator. 

Headbands 

Figure 5-4. 
Typical half-mask respirator. 
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Inhalation Valve 

Air Purifying 

Element 

Figure 5-5. 
Typical full-facepiece respirator. 

and atmosphere-supplying, are designed for use in 
higher concentrations of toxic materials than are 
quarter- or half-mask respirators. They may be used 
in less toxic atmospheres, but, as they are expensive 
and difficult to maintain, little is gained by so using 
them . 

A special tight-fitting respirator that is coming 
into increasingly extensive use is the "single-use" 
disposable type. It is shaped much like the half- or 
quarter-mask, but the air purifier is permanently at­
tached to the facepiece, or the entire facepiece is 
made of filter material. At present, these respirators 
are approved only for pneumoconiosis- and fibrosis­
producing dusts. 

Another special type of respirator is the 
"mouthpiece and nose clamp," shown in Fig . 5-6. It 
consists of a mouthpiece held in the teeth (the lips 
seal around it) and a clamp that closes the nostrils. 
The air-purifying elements are either permanent or 
replaceable. These small devices are easily carried in 
a pocket and are designed primarily for emergency 
escape or intermittent use. They do not provide eye 
protection. 

Loose-Fitting Coverings. Loose-fitting respirators 
include hoods, helmets, suits, and blouses. The wide 
variety of designs precludes any simple description, 
but Fig. 5-7 shows a blouse that illustrates the prin­
ciples of construction and operation of all such 
devices. 

Generally, loose-fitting respirators enclose at least 
the head, neck, and shoulders. This enclosure usual­
ly contains perforated rigid or flexible tubing 
through which clean compressed air is distributed 
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Inhalation 
Valve 

Air Purifying 
Element 

E:xhalation Valve 

Figure 5-6. 
Typical "mouthpiece" respirator. 

Valve 

Cape 

Flexible 
Tube 

Air Flow 

Control Valvo 

Quick Connect•Disconnect Coupling 

Figure 5-7. 
Typical suppled-air blouse. 

around the breathing zone. A light flexible device 
covering only the head, neck, and shoulders is called 
a hood. If rigid protective headgear is incorporated 
into the design, it is called a helmet. Blouses extend 
down to the waist, and some have wrist-length 
sleeves. Full suits, as the name implies, ·enclose the 
whole body, and, in them, additional air is supplied 



to the extremities for cooling. Generally, full suits 
are used where skin protection as well as respiratory 
protection is required. 

The permeability of the respirator material by 
toxic gases and vapors must be considered. Tritium, 
a radioactive gas, is a good example . The 14 OSHA 
carcinogen standards specify use of full suits in cer­
tain conditions, so permeability by these substances 
must be considered. At present, there is no NIOSH 
approval test for supplied-air suits, so no approved 
suits are available. 

A special type of loose-fitting covering in common 
use is the abrasive-blasting hood (Fig. 5-8) . The 
hood material is designed to withstand rebounding 
particles of abrasive sand, steel shot, etc. Also, there 
is usally an impact-resistant glass or plastic viewing 
lens with plastic, glass, or woven wire shielding that 
deflects the rebounding particles. 

AIR-PURIFYING RESPIRATORS 

Particulate-Removing. 

All particulate-removing respirators use fibrous 
material (a filter) to remove the contaminant. As a 
particle is drawn into the filter, it is trapped by the 
fibers. The probability that a single particle will be 
trapped depends on such factors as its size relative to 
the fiber size, its velocity, and, to some extent, the 

Belt 

Quick Connact-Di,connect Coupling 

Figure 5-8. 
Typical abrasive blasting hood. 

composition and shape of both particle and fiber . 
H£>re it is enough to say that the particles are retain­
ed on the filter fibers. 

No filter is 100% efficient in removing particles. 
An essentially 100% efficient filter could be made, 
but it would be unacceptably hard to breathe 
through . Therefore, manufacturers try to produce 
the most efficient filter with the lowest breathing 
resistance . Generally, the higher the efficiency, the 
greater the breathing resistance . 

Another consideration is particle loading. As more 
and more particulate material collects on the fibers, 
the openings between them become smaller, so the 
breathing resistance increases. The filter also 
becomes more efficent. Filters in general, and dust 
filters in particular, are designed to remove as much 
material as possible without excessive breathing 
resistance. 

For the 30 CFR Part 11 approval tests, particulate 
filters are classified as designed for protection 
against dust, fumes, mists, and any combination 
thereof. High-efficiency filters are also dust, fume, 
and mist filters, but they are designed to protect 
against particulate contaminants with a threshold 
limit value (TLV)* less than 0.05 mg/m 3. These 
filters are at least 99.97% efficient against 0.3-µm 
particles. 

Figure 5-9 shows a typical high-efficiency dust, 
fume, and mist filter . The filter is a flat sheet of 
material that is pleated and placed in the filter 
"can." The pleating provides a large filtering area to 
improve the particle-loading capacity and lower the 
breathing resistance. When viewed from the top, this 
type of filter shows a series of concentric rings. This 
---------
*Threshold limit values are time-weighted concen-

. trations of airborne substances to which nearly all 
workers may be continuously exposed ( during 8-hour 
workdays and 40-hour workweeks) without adverse 
effects. 

Filter Material 

Filter "Can" 

Gasket 77 ffifiw&f bSW~~~ » » n 

Inhalation Valve 

Figure 5-9. 
Typical high-efficiency dust, fume, and mist 
filter. 
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configuration is common, but other methods of con­
struction also are used. 

High-efficiency filters generally have poorer 
particle-loading characteristics than those designed 
for protection against the less toxic dusts. Some 
filters for protection against fumes of various metals, 
used on the so-called "fume" respirators, look 
similar. The basic difference is that the fume filter is 
less efficient (90-99% against 0.6-µm particles) and 
is approved only for contaminants whose TLV is 0.05 
mg/m3 or more. 

Less efficient are the so-called "dust" filters used 
on respirators designed for protection against 
"pneumoconiosis- and fibrosis-producing dusts" 
whose TLV is 0.05 mg/m3 or more. Some of these 
respirators are also approved for mists whose TLV is 
0.05 mg/m 3 or more, as well as for dusts . This class 
of respirator accounts for as much as 90% of total 
sales. Their lower efficiency (80-90% against 0.6-µm 
particles) results from being designed to withstand 
heavy dust loadings without unacceptably in­
creasing breathing resistance. 

Two typt>s of' dust filter predominate. The first 
and probably most common (Fig. 5-10) is a flat disk 
of compressed natural wool or synthetic fiber felt, or 
a blend, to which an electrostatic charge is imparted 
during manufacture by impregnating the material 
with a resin and mechanically beating or "needling" 
it. This charge increases the filter efficiency by elec­
trostatically attracting the particles to the fibers. 
These filters are less expensive than the pleated type 
and protect adequately against most industrial 
dusts, but one precaution must be observed in their 
use. Certain agents such as oil mists, extremely 
small solid particles, and storage in very humid air 
remove the electrostatic charge. Therefore this type 
of filter should be used as soon as possible after 
purchase and should be kept out of oil mists, such as 
occur around lathes, and high (>80%) humidity. 

The resin-impregnated felt filter is readily iden­
tified by rubbing it between the fingers and then 

~ { 

Filter Cover 

~Filter Pad l:-JZ:-7:z .. z··Z>(\2\ Filter Holder . '\ ~ •. . .. .. . . .... . . . . / 

- t ~ -

Inhalation Valve 

Figure 5-10. 
Typical resin-impregnated felt dust filter. 

32 

rubbing the fingers together. They will feel slightly 
sticky. 

Another type of dust filter is shown in Fig. 5-11. 
The filtering medium is only loosely packed in the 
filter "can," so it is much thicker than the com­
pressed type. Such filters are generally made of fiber 
glass, although nonfelted resin-impregnated natural 
wool fibers have been used. They are not so common 
as the felted type. A typical dust respirator is shown 
in Fig. 5-12. 

A major variant is the single-use, or disposable, 
dust respirator shown in typical use in Fig. 5-13. In 
these devices, the filter is either an integral part of 
the facepiece, or it may be the entire facepiece itself. 
When the filtering surface is permanently attached 
to the facepiece , the material ofteri is resin­
impregnated natural wool fiber or synthetic fiber 
felt. In some currently approved devices, the entire 
facepiece is a fabric filtering medium . At present, 
single-use disposable respirators are approved only 
for pneumoconiosis- and fibrosis-producing dusts 
although they could also be approved for such mists. 

'\I ~ 

Inhalation Valve 

Figure 5-11 . 

Loose Packed 
Fiber Media 

Filter "Can" 

Typical dust filter with loose-packed medium. 

_,;}~,;:~~,,, .•. 
ffi1•1(t!. · 1'.' 

~~~,.i·;fi~ -. . 
·t c". ~ , ··P~·, .. 

~-,.,. . • .• !' ' ~ .. ~~i-
-~ .. ·.· 
~.~ . :,:·· 1.. __ ] _7./f 't{.:'. !t 

Figure 5-12. 
Typical dust respirator with replacable filters . 



Figure 5-13. 
Typical single use dust respirators. 

This does not mean that it is impossible or imprac­
tical to make more efficient single-use respirators for 
protection against more toxic dusts and mists and 
even fumes. It means only that they cannot be ap­
proved as Part 11 is now written. Significant ad­
vances probably will be made in single-use 
respirators, and the user should watch for 
developments. 

Some particulate filters may vary from the designs 
described. The important thing to recognize is the 
type of medium rather than the shape. 

Vapor- and Gas-Removing 

The other major class of airborne contaminants 
consists of gases and vapors. Air-purifying 
respirators are available for protection against both 
specific gases and vapors, such as ammonia, and 
classes, such as organic vapors or acid gases. In con­
trast to filters, which are effective to some degree no 
matter what the particulate, the cartridges and 
canisters used for vapor and gas removal are design­
ed more for protection against specific con-
taminants . · 

Vapor- and gas-removing respirators all remove 
the contaminant by interaction of its molecules with 
a granular, porous material, commonly called the 
sorbent. The general method by which the molecules 
are removed is called sorption. 

Adsorption, Absorption, Chemisorption, and 
Catalysis. Three sorptive mechanisms are used in 
vapor- and gas-removing respirators. The first, ad­
sorption, retains the contaminant molecule on the 
exposed surface of the sorbent granule by physical or 
chemical attraction whose intensity varies with the 
type of sorbent and contaminant. 

In physical attraction, the adsorbed molecules are 
held more or less weakly. These bonds may be 
broken by heating the sorbent so that the gas and 
vapor molecules are released into their original state. 
If chemical forces are involved, the adsorption 
process is called chemisorption. Then the bonds 
holding the molecules to the sorbent granules are 
much stronger and can be broken only with great dif­
ficulty. 

A characteristic common to all· adsorbents is a 
large specific surface area, up to 1500 m 2 /g of 
sorbent. Activated charcoal is probably the most 
common adsorbent. It is used primarily to remove 
organic vapors, although it does have some capacity 
for adsorbing acid gases. Activated charcoal also can 
be impregnated with other substances to make it 
more selective against specific gases and vapors. Ex­
amples are activated charcoal impregnated with 
iodine to remove mercury vapor, with metallic ox­
ides to remove acid gases, and with salts of metals to 
remove ammonia gas. Other adsorbents used in 
vapor- and gas-removing respirators include 
molecular sieves, activated alumina, and silica gel. 

Absorbents differ from adsorbents in that, 
although they are porous, they do not have as large a 
specific surface area. Absorption is also different 
because the gas or vapor molecules penetrate deeply 
into the molecular spaces throughout the sorbent 
and are held there chemically. Probably, absorption 
cannot occur without prior adsorption on the surface 
of the particles. Furthermore, adsorption occurs in­
stantaneously, whereas absorption is slower. Most 
absorbents are used for protection against acid gas­
es. They include mixtures of sodium or potassium 
hydroxide with lime and/or caustic silicates. 

A catalyst is a substance that influences the rate 
of chemical reaction between other substances. A 
catalyst used in respirator cartridges and canisters is 
hopcalite , a mixture of porous granules of 
manganese and copper oxides, which speeds the 
reaction between toxic carbon monoxide and oxygen 
to form relatively nontoxic carbon dioxide. 

As applied to respirators, the foregoing processes 
are essentially 100% efficient until the sorbent's 
capacity to adsorb gas and vapor or catalyze their 
reaction is exhausted. Then the contaminant will 
pass completely through the sorbent material and 
into the facepiece. This is in contrast to particulate­
removing filters which become more efficient as 
matter collects on them and plugs the spaces 
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between the fibers. This difference is important to 
remember. Water vapor reduces the effectiveness of 
some sorbents and increases that of others. Vapor­
and gas-removing cartridges must generally be 
protected from the atmosphere while in storage . 

Cartridges and Canisters. The basic difference 
between cartridges and canisters is the volume of 
sorbent contained, not its function . Cartridges are 
vapor- and gas-removing elements that may be used 
singly or in pairs on quarter- and half-masks and oc­
casionally on full facepieces. The sorbent volume of 
a cartridge is small, about 50-200 cm 3 , so the useful 
lifetime is usually short, particularly in high gas or 
vapor concentrations. Therefore, use of respirators 
with cartridges generally is restricted to low concen­
trations of vapors and gases. 

Canisters have a larger sorbent volume and may 
be chin-, front-, or back-mounted. Respirators with 
canisters can be used in higher vapor and gas con­
centrations than those with cartridges. Chin-style 
canisters have a volume of about 250-500 cm 3 and 
are used on full -facepiece respirators. Front or back­
mounted canisters are held in place by a harness and 
connected to the facepiece by a corrugated, flexible 
breathin;tube. They have a sorbent volume of 1000-
2000 cm and are designed for use in higher 
concentrations or for prolonged use in lower concen­
trations of gases and vapors . Front- or back­
mounted canisters are used with full facepieces as 
part of "gas masks." The "gas masks" is not a 
special, exotic type of respirator. It differs from the 
chemical cartridge respirator only in its larger sor­
bent volume and the higher concentrations of vapors 
and gases against which it provides protection. 

Labeling. As vapor- and gas-removing cartridges 
and canisters are designed for protection against 
specific contamininants, or classes thereof, how does 
the user know he is selecting the proper device? An 
American National Standard, ANSI K.13 .1, es­
tablished a color code for the various types of sorbent 
cartridges and canisters which identifies the con­
taminants they are designed to protect against. The 
printed approval label also clearly lists these con­
taminants. Whether the user memorizes the color 
code or not, he should always READ THE LABEL! 
This is the only foolproof way of ensuring use of the 
correct cartridge or canister. ANSI K.13.1 has been 
included verbatim in the OSHA regulations, 29 CFR 
1910.134(g). 

Construction. Constructon of vapor- and gas remov­
ing cartridges and canisters varies little from 
manufacturer to manufacturer. The type of sorbent 
for a particular substance may differ with manufac­
turer, but the basic construction problems are about 
the same, to provide enough sorbent bed depth and 
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volume to ensure that the contaminant is totally 
removed in the test times specified in the 30 CFR 
Part 11 bench tests, and that the sorbent remains 
mechanically stable in the container. 

Figure 5-14 shows a typical chemical cartridge ap­
proved for use with a half- or quarter-mask. The bed 
of sorbent granules is retained in the cylindrical 
"can" by a screen and coarse filter pad at the top 
and by a coarse particulate fitler pad and a screen at 
the bottom . The pads only keep the fines in the sor­
bent from escaping from the cartridge; they are not 
designed for protection against particulate con­
t n 111 i nants . Various prPcaut ions for use ol' thf'se car­
tridges are discussed in Chap. Seven, Respirator 
Use . 

One problem in design and manufacture of sor­
bent canisters is to prevent passage of large quan­
tities of air through small areas of the bed of packed 
sorbent granules. Such air channeling through the 
canister reduces its useful service life. Selection of 
the proper sorbent granule size and careful packing 
in the canister minimize air channeling. There is 
also a tendency toward channeling where the 
irregular sorbent granules touch the smooth canister 
wall. Sometimes this is prevented by forming ridges 
in the canister shell like those in Fig. 5-15. The 
retaining screens and pads hold the granular sorbent 
bed. in place. The spring ensures that the sorbent 
remains tightly packed. 

Even with these precautions, sorbent canisters 
may be damaged by dropping. This can crush the 
granules, disturb the retaining screens or pads, or 
create channels between the sorbent granules and 
the canister wall. Cartridges and canisters should 
also be stored upright. In short, treat sorbent 
canisters very carefully. 

Chemical Cartridge Respirators. Figure 5-16 
shows a typical chemical cartridge air-purifying 
respirator. In 30 CFR Part 11.150 is a listing of the 
vapors and gases and maximum concentrations for 
which chemical cartridge respirators are approved. 
Note the accompanying restrictions on use and 

Cartridge "Car," or Shell 

Figure 5-14. 
Typical chemical cartridge. 
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Figure 5-15. 
Typical front- or back-mounted canister. 

Figure 5-16. 
Typical chemical cartridge respirator being 
used during weed spraying. 

remember that these concentrations pertain to the 
cartridge only, not to facepiece fit. 

Gas Masks. According to Subpart I of Part 11. the 
following gas masks may be approved. 

Front- or back-mounted 
Type N, front- or back-mounted, combination 
gas. vnpor. and particulate 

Chin-style 
Escape 

Fmn/ - or Rach-Muunted. Front- or hack-mounted 
gas masks are usually approved for use with a full 
facepiece. A "super size" or "industrial" size 
canister is fastened to the user's body, and a 
breathing tube connects the canister to the facepiece 
inlet. A typical front- or back-mounted canister is 
shown in Fig . S-1 :i. NotP that t hP rnnst nwt ion does 
not differ markedly from that of the chemical car­
tridge shown in Fig. 5-14. Other than the volume of 
sorbent contained (1000-2000 cm 3), the greatest 
difference is that the canister, rather than the 
facepiece, usually contains the inhalation valve. 
Figure 5-17 shows typical front- (back)-mounted 
canister gas masks. 

Type N. Type N, front- or back-mounted, combina­
tion gas, vapor, and particulate gas masks are ap­
proved under Subpart I of Part 11 for protection 
against acid gases, ammonia, carbon monoxide, 
organic vapors, and particulates. However, we dis­
c·uss t hPsl' dC'vicC's because the T_vpe N canister c·on­
tains a high-efficiency particulate filter as well as 
various sorbents, so it should be classified as part of 
a combination particulate- and vapor- and gas­
removing respirator. 

Chin-Style. Chin-style gas masks typically have a 
medium-sized (250-500-cm 3) canister (Fig. 5-18), 
rigidly attached to a full facepiece. The useful 
lifetime is less than that of a front- or back-mounted 
canister owing to the smaller sorbent volume, but 
greater than that of chemical cartridges. Figure 5-19 
shows a typical chin-style gas mask. 

Other types of canisters are designed for protec­
tion against more than one vapor or gas. In them, the 
sorbents are either arranged in layers or intermixed. 
Figure 5-20 shows these two arrangements as either 
might appear in a chin-style canister. In certain in­
stances, one type of construction has an advantage 
over the other, but mostly it is a matter of manufac­
turing convenience, with sorbent layering being 
most common. 

Maximum use concentrations established in 30 
CFR Part 11 for all types of gas masks, are being 
withdrawn (1975). NIOSH is advising the user to 
contact the NIOSH Testing and Certification 
Laboratory, Morgantown, West Virginia or the Mine 
Enforcement Safety Administration, Pittsburgh, 
Pennsylvania for guidance in use of gas masks in 
high contaminant concentrations. 

Escape Masks. Gas masks for use during escape 
from (not reentry into) atmospheres immediately 
hazardous to life and health are approved under 
Subpart I, 30 CFR Part 11. They can be approved 
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Courtesy Mine Safety Appliances Co. 
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Figure 5-17. 
Typical front- or back-mounted canister gas masks. 
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Figure 5-19. 
Typical chin style gas mask m use m a 
chemical plant. 

only if they have a half-mask facepiece or a 
mouthpiece. Where eye irritation is a consideration, 
a full-facepiece gas mask is preferable. 

Particulate-, Vapor-, and Gas-Removing 

Cartridges and canisters are available to protect 
against both particulates and vapors and gases. 

Vapor- and Gn· 
Removing Sorbant 
Materials in 
Separate Layers 

Retaining Scrten . ~~-.r~ 
or Coar• 
Filter Pad 

~ CoarseFilt• Ped 

Inhalation Valve 

Figure 5-20. 
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Coa,• Flltw Ped 

Retaining Screen 

Methods of packing more than one sorbent. 

These devices look much like the sorbent cartridge 
or sorbent canister alone . Figure 5-21 shows the two 
methods of attaching a particulate filter to a typical 
cartridge used with half- or quarter~masks. In A, the 
particulate filter is inside the cartridge "can," in Bit 
is outside the can and held in place by a snap-on 
cover. Other variations may be found, but the prin­
ciple is the same. Pesticide and paint spray 
respirators use combination respirator cartridges, 
although paint spray respirators are approved under 
Subpart L of 30 CFR 11 (Chemical Cartridge 
Respirators), and pesticide respirators under Sub­
part M. A typical com hinat ion part ieulat.e- and 
v:tpClr- and gas removing respirator is shClwn in Fig. 
G-:Z:Z. being used in paint spraying. 

High-efficiency particulate filters are included on 
some types of combination canisters like the chin­
mounted canister shown in Fig. 5-23. 

A very specialized type of combination 
particulate- and vapor- and gas-removing canister is 
the so-called "Type N," or "Universal" canister, 
Fig. 5-24. It looks much like a front- or back­
mounted canister, being about the same size and 
held on the body in the same way. Internally, 
however, these is a great deal of difference. The dis­
tinguishing feature is that it contains several 
different sorbents for various vapors and gases; a 
catalyst, hopcalite, to convert carbon monoxide to 
carbon dioxide; and fibrous filters for particulates. 

The multiple protection the Type N canister 
provides has led to unfortunate, sometimes tragic, 
misuse. Usually the user assumed that he could get 
the same useful service life from a Type N canister 
as from an industrial canister of about the same size. 
Obviously, this is not so, for as Fig. 5-24 shows, 
sorbents for several different vapor and gas con­
taminants, two layers of drying agent to protect the 
catalyst from water v~por, and fibrous particulate 
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Figure 5-21. 
Typical combination particulate- and vapor- and gas-removing cartridges. 

t~·----

Figure 5-22. 
Typical combination particulate- and gas- and 
uapor-removin,t cartridge respirator being used 
in paint sprayin{I. 

filters are packed into the equivalent space. 
Therefore, the sorptive capacity of any single layer of 
sorbent in the Type N canister must be less than 
that of the large sorbent bed in the industrial size 
canister for use against a single contaminant. 
Consequently, the useful service life of the Type N 
canister is short. 
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Figure 5-23. 
Typical chin-mounted combination 
particulate-removing and gas- and vapor­
removing canister. 

All Type N canisters have an indicator, usually 
behind a small window, that supposedly shows when 
the canister is exhausted. Actually, it indicates the 

· condition of the drying agent upstream of the 
catalyst. The CO sorbent, hopcalite, is rendered 
useless by moisture, and this indicator tells only the 
condition of this critical layer, not that of the acid 
gas, ammonia gas, or organic vapor sorbent. 
Therefore, it cannot be used as an indication of the 
overall canister condition. 

Because of the difficulties in use of Type N 
canisters, they are being withdrawn from the 
market. These canisters were originally designed for 
emergency use, a purpose being met increasingly by 
atmosphere-supplying devices. However, even with 
its drawbacks, the Type N canister is useful if the 
user is well aware of its limitations. Figure 5-25 
shows a typical Type N canister attached to a full 
facepiece. 
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Powered Air-Purifying Respirators 

The powered air-purifying respirator uses a blower 
to pass contaminated air through an element that 
removes the contaminants and to supply the 
purified air to a respiratory-inlet covering. The 
purifying element may be a filter to remove par­
ticulates, a cartridge to remove vapors and gases, or 
a combination filter and cartridge. The covering 
may be a facepiece , helmet, or hood. These 
respirators are approved under 30 CFR, Part 11, 
Subparts K, L, and M. 

One type of powered air-purifying respirator con­
sists of an air-purifying element attached to the 
housing of a small battery-powered blower that is 
connected by flexible tubing to the respiratory inlet 
covering. The wearer carries this entire assembly. 
Anoth~r type consists of an air-purifying element at­
tached to a stationary blower, powered by a battery 
or externally supplied electricity and connected by a 
long flexible tube to the respiratory inlet covering. 
The respirator approval document requires that the 
blower deliver at least 4 cfm of air to a tight-fitting 
facepiece and at least 6 cfm to a loose-fitting helmet 
or hood. A battery-powered air-purifying respirator 
should supply air for at least 4 hours without 
recharging of the battery. 

The great advantage of the powered air-purifying 
respirator is that it usually supplies air at positive 

Figure 5-25. 
Typical Type N canister attached to a full 
fac epiece. (Courtesy Mine Safety Appliances 
Co.) 

pressure so that any leakage is outward from the 
facepiece. Thus, even if the fit is poor, contaminated 
air cannot enter. The type and degree of protection 
depend on the air-purifying element whose protec­
tion level and useful service time depend, in turn, on 
its material, size, and shape and on the nature and 
concentration of the contaminant. 

Also affecting the degree of protection is the 
wearer's work rate . At high work rates, it is possible, 
through rapid breathing to create a negative 
pressure in the facepiece, thereby potentially in­
creasing facepiece leakage. Furthermore, because 
there is a constant air flow through the air-purifying 
element, instead of flow only during inhalation, the 
useful lifetimes of sorbent canisters and cartridges 
attached to the blower assemblies are much shorter 
than when the same elements are attached to the 
common air purifying respirator. 
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Advantages and Limitations of Air-Purifying 
Respirators 

It is important that the user be thoroughly 
familiar with the following information . Many in­
stances of misuse arise because the user is unaware 
of the performance limits of a particular device. 

Advantages. Air-purifying devices are small, 
relatively inexpensive, and easily maintained . They 
restrict the wearer's movement least. Many com­
binations of facepieces , mouthpieces, filters, car­
tridges, and canisters allow the user to match the 
device to the particular situation. 

Disadvantages. 
General. Air-purifying respirators cannot be used 

in atmospheres immediately hazardous to life and 
health or when the contaminant has poor warning 
properties, except for escape. 

Quart.C'r-Mask, Half-Mask, and Mouthpi<'cc 
Respirators. Maximum usr conc·rntratinns ma:,, lw 
rrs1riclt•d bemuse of unreliable sealing. TlwsP 
rpspiratnrs do not protect the e:ves or skin . Fur1lw r 
rc•st rict inns should lw placed on t hPi r use owing 1 n 
snwll snrhen1 or filter rapacit:,, . 
.. Full Facepiece Respirators. Eye protection is 

provided, but use may be restricted by limited sor­
bent capacity. They are more expensive than other 
face pieces. 

ATMOSPHERE-SUPPLYING RESPIRATORS 

The class of respirators which provide air from a 
source independent of the surrounding atmosphere 
instead of purifying the atmosphere is shown in Fig. 
5-2. The basic types of atmosphere-supplying 
respirators vary less than the air-purifying types, but 
there is greater variation among devices designed for 
a given purpose. It may be difficult to recognize a 
particular type of device by appearance alone. The 
differe.nt types may be recognized in two ways, by 
the method by which air is supplied and the way in 
which the air supply is regulated . 

Self-Contained Breathing Apparatus 

The distinguishing feature of all .types of self­
contained breathing apparatus (SCBA) is that the 
wearer need not be connected to a stationary air 
source, such as a compressor. Instead, enough air or 
oxygen for up to 4 hours, depending on the design, is 
carried on the person. As Fig. 5-2 shows, SCBAs are 
classified as "closed-circuit" or "open-circuit." 
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Closed-Circuit. Another name for closed-circuit 
SCBAs is 'rebreathing" device, indicative of the 
mode of operation. The air is rebreathed after the ex­
haled carbon dioxide has been removed and the ox­
ygen content restored by a compressed or liquid ox­
ygen source or an oxygen-generating solid. Descrip­
tions and approval tests for the closed-circuit ap­
paratus are given in Subpart Hof 30 CFR Part 11. 

These devices are designed primarily for 1- to 4-
hour use in oxygen-deficient atmospheres such as 
might be encountered during mine rescues. They 
have been used thus since the early 1900's when the 
Gibbs and McCaa devices were developed. The 
designs have not changed much since then, a signifi­
cant commentary on their acceptance and good per­
formance. NOTE: 30 CFR Part 11 approves for mine 
rescue only devices that give 1 hour or more perfor­
mance. Devices that give 30-min or longer perfor­
mance may be approved for auxiliary mine rescue 
service. 

Closed-circuit devices are not a cure-all; there are 
design features that restrict their use. Because 
negative pressure is created in the facepiece during 
inhalation, there is increased leakage potential. 
Therefore, the devices should be used in at­
mospheres immediately hazardous to life and health 
only when their long-term use capability is 
necessary, as in mine rescue. They should not be 
used in preference to pressure demand SCBAs for 
short times in immediately hazardous atmospheres. 
For use in oxygen-deficient atmospheres over a long 
period, these devices are ideal. For 1/2 hour or less, 
in highly toxic atmospheres immediately hazardous 
to life, a positive pressure open-circuit SCBA is 
recommended. 

Two basic types of closed-circuit SCBA are 
available, distinguished by whether they use a tank 
of compressed oxygen or a solid oxygen-generating 
substance. Figure 5-26 shows a typical closed-circuit 
SCBA with a small cylinder of compressed oxygen. 
Available from several manufacturers, these devices 
are all based on the old McCaa device . Breathable 
air is supplied from an inflatable bag. The exhaled 
air passes through a granular solid adsorbent that 
removes the carbon dioxide, thereby reducing the 
flow back into the breathing bag. The bag collapses 
so that a pressure plate bears against the admission 
valve which opens and admits more pure oxygen 
that reinflates the bag. Thus, the consumed oxygen 
is made up. The advantage of the rebreathing 
process is that only the oxygen supply need be 
carried, as all the other air constituents except the 
waste carbon dioxide are recirculated. The advan­
tage of this type of device is its long-term (1- to 4-
hour) protection. However, it is bulky and does not 
provide the ultimate in protection because negative 
pressure is created in the facepiece during inhala­
tion. Figure 5-27 shows a closed-circuit SCBA in use. 
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Closed-circuit SCBA. 

The second type of closed-circuit SCBA (Fig. 5-28) 
uses an oxygen-generating solid, usually potassium 
superoxide (K02). The H20 and CO2 in the exhaled 
breath react with the K02 to release 02 . 

2K02 +CO2+ H20_, K2C03+ 1.502+ H20 , 

2K02 + 2C02 + H20 _, KHC02+ 1.502 . 

I 

Figure 5-27. 
Typical oxygen-supplying closed circuit SCBA 
as used for mine rescue. 
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Figure 5-28. 
Oxygen-generating closed circuit SCBA. 
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As the 02 is released when the wearer's exhaled 
breath reaches the canister, there is a short time lag 
after the canister is initiated before 02 flow begins. 
This has been overcome in some devices by 
providing a "quick start" feature, a canister section 
filled with mixed sodium chlorate and iron. Oxygen 
flow is started by striking the device, somewhat like 
lighting a match. This provides enough oxygen until 
the potassium superoxide in the canister begins to 
function. 

Oxygen is continually released into the breathing 
bag(s) which acts as a reservoir to accommodate 
breathing fluctuations. A pressure relief valve and 
saliva trap release the excess pressure created by 
nitrogen buildup in the facepiece. 

This dosed-circuit apparatus is lighter. simpler. 
and cheaper than the tank type. However, it is useful 
for only about 1 hour and, once initiated, cannot be 
turned off. The precautions mentioned for the type 
containing a cylinder of compressed oxygen apply. 
Figure 5-29 shows a typical oxygen-generating 
closed-circuit SCBA being worn. 

Figure 5-29. 
Typical oxygen-generating closed circuit 
SCBA. (Courtesy Mine Safety Appliances Co.) 
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Open-Circuit. An open-circuit SCBA exhausts the 
exhaled air to the atmosphere instead of recir­
culating it. 30 CFR Part 11 does not specify what 
breathing gas may be approved for these devices, but 
it is almost always compressed air. Compressed ox­
ygen could be used in a device designed for com­
pressed air, but it must not be, because minute 
amounts of oil or other foreign matter in the device 
components can cause an explosion . In fact, 30 CFR 
Part 11 prohibits approval of any device designed to 
permit interchangeable use of oxygen and air . IN 
GENERAL, OXYGEN SHALL NEVER BE USED 
IN A DEVICE UNLESS IT IS SPECIFICALLY 
DESIGNED FOR THAT PURPOSE. Figure 5-30 
shows a typical open-circuit SCBA. A tank of high­
pressure (-2000-psi) compressed air, carried on the 
back, supplies air to a two-stage regulator that 
reduces the pressure for delivery to the facepiece. 
This regulator also serves as a flow regulator by pass: 
ing air to the facepiece only on demand. A flexible 
corrugated hose connects the regulator to the 
respiratory-inlet covering, usually a full facepiece. 

Because it has to provide the total breathing re­
quirements, not just the oxygen requirements as in 
the closed-cirucit SCBA, the service life of the open­
circuit SCBA is usually shorter. Most open-circuit 
devices have a service life of 30 min. NIOSH ap­
proves units with less than 1-hour, but not less than 
·30-min, service time, for auxiliary mine rescue . 
Therefore open-circuit devices are very seldom used 
for this purpose, but they are widely used in fire 
fighting and industrial emergencies. They are less 
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expensive than the closed-circuit SCBAs. SCBAs 
with less than 30-min service time are approved but 
only for escape use in combination with a supplied­
air airline respirator. 

Two types of open-circuit SCBA are available, 
"demand" or "pressure-demand." The difference is 
very important and best explained by describing the 
operation of a typical open-circuit SCBA regulator, 
shown in Fig. 5-31. This is a "demand-"type 
regulator. Air at approximately 2000 psi is supplied 
to I he regulator through the main valve . A hypass 
valve passes air to the facepiere in case of regulator 
failure. Downstream from the main vah·e. a two­
stage regulator reduces the pressure to approximat e­
Iv !'i0- 100 psi at the admission valve, which is aC'­
t uated by movement of a diaphragm and its 
associated levers . The admission valve stays closrd 
as long as positivr pressure in the facepieC'e (riming 
exhalation) presses the diaphragm away from the 
valve asspmblv. Inhalation creates nPgat iVl' pressure 
in the facPpie<'e, and the diaphragm C'ontracts. open­
ing the admission valvr and allowing air into the 
facepiece. In other words. air flows into t.hr facrpi e<'e 
onlv on "demand" 11\· the wearer, hence the nam e. 

A pressure-demand regulator is very similar ex­
cept that there is usually a spring between the 
diaphragm and the outside case of the regulator. 
This spring tends to hold the admission valve slight­
ly open, theoretically allowing continual air flow into 
the facepiece. This would be true except that all 
pressure-demand devices have a special exhalation 
valve that maintains about 1.5-3 in. H20 positive 
back pressure in the facepiece, and opens only when 
the pressure exceeds that value. This combination of 
modified regulator and special exhalation valve 
maintains positive pressure in the facepiece at all 
times, and the regulator still supplies additional air 
on "demand." Because of the positive pressure, any 
leakage is outward so a pressure-demand SCBA 
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Figure 31 . 
Open-circuit SCBA regulator. 

provides very good protection. Contrary to common 
belief, the pressure-demand SCBA has the same ser­
vice time as a demand version of the same device, if 
it seals well on the wearer's face. Any leakage in­
creases air consumption and decreases service time. 
A FACEPIECE WHOSE EXHALATION VALVE 
IS DESIGNED FOR DEMAND OPERATION 
CANNOT BE USED WITH A PRESSURE­
DEMAND REGULATOR AS AIR WILL FLOW 
CONTINUALLY AND QUICKLY EXHAUST 
THE AIR SUPPLY. 

In a demand-type SCBA, negative pressure in the 
facepiece during inhalation opens the demand valve. 
This negative pressure is approximately the same as 
that created · in an air-purifying respirator. 
Therefore, leakage is inward and of the same 
magnitude as that in an air-purifying respirator . Re­
cent studies showed that a demand-type SCBA is no 
more efficient than an air-purifying respirator with 
the same facepiece . Therefore, a demand type open­
circuit SCBA should not be used in atmospheres im­
mediately hazardous to life or health. Like closed­
circuit SCRAs. they are, however, adequate against 
oxygen-deficient atmospheres. 

Some open-circuit SCBAs can be switched from 
demand to pressure-demand operation; others are 
available only in one configuration or the other. 
There is certainly an advantage in being able to 
change from demand to pressure-demand at will, 
but there is also a good argument against it. Because 
these devices are primarily for emergency use, the 
user should not have the choice, as a demand device 
is no more efficient than an air-purifying respirator 
with the same facepiece. In short, if the ultimate in 
protection is required for emergency use, a pressure­
demand SCBA should be purchased. 

Because of the high instantaneous flow rates that 
may be required during inhalation (see Chap. 
Three), both demand and pressure-demand 
regulators can deliver flows of 350-400 1pm. This en­
sures that the wearer will obtain adequate air and 
generally not be able to "overbreathe" a device. 
Overbreathing creates extreme negative pressure in 
the facepiece of a demand SCBA, potentially in­
creasing facepiece leakage. This also can happen in a 
pressure-demand SCBA, but is less likely because 
the wearer must overcome the 1.5- to 3-in. H20 
positive pressure . 

Several required safety features on all approved 
closed- and open-circuit, SCBAs provide additional 
protection. Among these are: 
• Pressure gauges or liquid level gauges visible to the 

wearer which indicate the quantity of gas or liquid 
(air or oxygen) remaining in the cylinder. 

• Remaining service-life indicators or warning 
devices that show when only 20-25% remains. 
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Figure 5-32. 
'/\pica/ opC:'n-circuit SCBAs. 

• Fittings on devices that use compressed or liquid 
oxygen which are incompatible with compressed or 
liquid air fittings. 
The choice of demand or pressure-demand device 

is best left to the user, and should be based on 
thorough evaluation of the respiratory hazards. If 
there is any potential atmosphere immediately 
hazardous to life, a pressure-demand SCBA should 
most certainly be used. Typical demand or pressure­
demand SCBAs are shown in Fig. 5-32. 

Supplied-Air Respirators 

Airline respirators are categorized in 30 CFR Part 
11 J as one of the types of supplied-air respirators, 
along with hose masks which will be described later. 
The distinction of airline devices is that they all use 
a stationary source of compressed air delivered 
through a high-pressure hose. 30 CFR Part 11 
specifies that the pressure shall not exceed 125 psi at 
the point where the hose attaches to the air supply. 
When the manufacturer submits an airline 
respirator for approval, he must specify the 
operating pressure and the hose length, from 25 to 
300 ft. At the lowest pressure and greatest hose 
length, the device must deliver at least 6 cfm to a 
helmet or hood. The flow rate must not exceed 15 
cfm. 

Airline respirators are available in demand, 
pressure-demand, and continuous flow con-
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figurations (see Fig. 5-2). They are called Type "C" 
supplied-air respirators. The respiratory-inlet cover­
ing may be a facepiece, helmet, hood, or complete 
suit, although there are presently no approval tests 
for suits . When a full facepiece, helmet, or hood 
provides special protection against impact and abra­
sion from rebounding abrasive material , it is called a 
Type "CE" supplied-air respirator. 

A demand or pressure-demand airline respirator is 
very similar to a. demand or pressure-demand open­
ri rrn it SCHA. exrPpt that thP air is suppliecl through 
a small-diametl'r hose from a stationary sourrP of 
compressed air rather than from a portable high­
pressure air source. Because the air pressure· is 
limited to 125 psi, regulators for airline respirators 
have only single-stage reduction. Figure 5-33 shows a 
t vpical dt>mand-t y pl' regulator. Its opnation is self­
explanatory and identical to that of a demand-type 
open-circuit SCBA regulator. Like the pressure­
demand open circuit SCBA regulator, the pressure­
demand airline regulator has a spring between the 
diaphragm and the outer case. In combination with 
a special exhalation valve on the facepiece, it 
provides positive pressure in the facepiece at all 
times. Fig. 5-34 shows typical demand ·or pressure­
demand airline respirators with tight fitting 
facepieces. Note that the regulator sometimes is 
mounted on the facepiece . 

Continuous-flow airline respirators maintain air 
flow at all times, rather than only on demand. In 
place of a demand or pressure-demand regulator, an 
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Figure 5-33. 
Typical demand-type air flow regulator. 

air flow control valve or orifice partially controls the 
air flow. According to 30 CFR Part 11, a flow of at 
least 4 cfm to a tight-fitting respiratory-inlet cover­
ing and 6 cfm to a loose-fitting one must be main­
tained at lowest air pressure and longest hose length 
specified. This means that by design, the control 
valve cannot be closed completely, or a continually 
open bypass is provided to allow air to flow around 
the valve and maintain the required minimum rates. 

Never replace an air flow control valve with 
another type of valve, even one from another 
manufacturer's airline respirator. Besides pussibly 
creating a hazard owing to improper air flow rates, 
substitution of another component negates NIOSH 
and MESA approval of the device. Furthermore, 
only the air supply hose furnished by the respirator 
manufacturer may be used with a supplied-air 
respirator. Substitution of another type of hose, even 
though equivalent, negates approval of the device. 

Figure 5-35 depicts a typical continuous flow air­
line respirator with a tight fitting facepiece. Notice 

the air-purifying element on the air supply line. 
Figure 5-36 shows typical such devices, which also 
may be obtained with half-masks. 

Although addition of an air-purifying element in 
the supply line just upstream of the air supply hose 
attachment is a good idea, other precautions also 
must .be taken to ensure breathing air quality. The 
air supply to airline respirators is required to meet 
the requirements for Type I gaseous air (Grade Dor 
higher quality) set forth by the Compressed Gas 
Association Commodity Specification for Air, G-7.1. 
Furthermore, OSHA requires that a breathing air 
compressor have certain safety devices to protect the 
air quality (see Chap. Six). 

Airline respirators with special items to protect 
the wearer's head and neck from rebounding 
abrasive material may have facepieces , helmets, or 
hoods. Plastic, glass, and metal wire screen are used 
to protect the lenses of facepieces and the windows of 
helmets and hoods against the rebounding material. 
These respirators are known as abrasive-blasting air­
line respirators or Type "CE" supplied-air 
respirators. 

Figures 5-7 and 5-8 showed two types of con­
tinuous flow airline abrasive blasting hoods, 
although it might be preferable to call them 
"blouses" as they extend to the waist. The figures in­
dicate the design variations within the Type "CE" 
device category. Figure 5-37 shows a typical abrasive 
blasting hood, and Fig. 5-38 shows a variation 
designed specifically for lead grinding. Note the 
protective screen over the lens and the heavy apron 
on the abrasive blasting hood. 

Full-suit airline respirators are available. They 
provide purified air not only for breathing but also to 
isolate the whole body from the surrounding at­
mosphere. They are used against substances that 
irritate or corrode the skin or which may penetrate 
the skin and enter the blood stream to produce toxic 
effects. Presently, 30 CFR Part 11 does not provide 
for approval of airline suits. Typical full suits are 
shown in Figs. 5-39 and 5-40. 

Airline respirators provide a high degree of protec­
tion, but their use is limited to atmospheres not im­
mediately hazardous to life. The reasoning is that 
the wearer is totally dependent upon the integrity of 
the air supply hose. Therefore, he must be able to es­
cape from the contaminated area without en­
dangering his life. 

Combination SCBA and Supplied Air Respirators 

To be usable in an atmosphere immediately 
hazardous to life, an airline respirator must have an 
auxiliary air supply to protect against potential 
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Figure 5-34 . . 
Typical demand or pressure demand airline 
respirators. 
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Figure 5-35. 
Continuous flow airline respirator. 

failure of the primary supply. This is provided by ad­
ding a self-contained tank of high-pressure com­
pressed air to a Type "C" or "CE" airline respirator. 
The auxiliary air supply may be approved for 3-, 5-, 
or 10-min service time, or for 15 min or longer (see 
Fig. 5-2). The approval tests for these combination 
devices are found in 30 CFR Part 11, Subpart H, 
"Self-Contained Breathing Apparatus." 

The combination airline and SCBA respirator is 
essentially the same as the airline respirator itself, 
with an added small compressed air cylinder that 
may be carried on one's back or at one's side in. a sl­
ing. The device shown in Fig. 5-41 is only represen­
tative of this general class; designs vary widely. 

Because of the short service time of the self­
contained breathing air supply, combination units 
generally are used for emergency entry into and es­
cape from atmospheres immediately hazardous to 
life. The self-contained part of the device is used 
only when the airline part fails and the wearer must 
escape, or when it may be necessary to disconnect 
the air line temporarily while changing locations . A 
combination airline and SCBA may be used for 
emergency entry into a hazardous atmosphere (to 
connect the airline), if the SCBA part is classified for 
15-min or longer service and not more than 20% of 

the air supply's rated capacity is used during entry. 
It is seldom used as a routine means of protection, as 
the open-circuit SCBA might be. 

Hose Masks 

Hose masks supply air from an uncontaminated 
source through a strong, large-diameter hose to a 
respiratory-inlet covering. Two types are available. 
One has a hand- or motor-operated air blower that 
pushes low-pressure air through the hose to the 
respiratory-inlet covering. The blower is designed so 

, that air flows freely through it when it is not in 
! operation. Therefore, if the blower fails, the wearer 

can still inhale respirable air by normal breathing. 
The other type of hose mask has no blower and re­
quires the wearer to inhale through the hose. 

The hose mask with a blower is categorized by 30 
CFR Part 11 Subpart J, as a Type "A" supplied-air 
respirator and is approved for use in atmospheres 
immediately dangerous to life or health. The hose 

, mask without a blower is categorized as Type "B" 
and is approved for use only in atmospheres not im­
mediately hazardous to life or health. The hose mask 
with a blower may have a facepiece, helmet, or hood, 
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Fig. 5-36. 
Typical air line continuous flow respirators with full fac epieces. (Courtesy Min e Safety 
Appliances Co.) 

but the one without a blower must have a tight­
fitting facepiece. Hose masks may have special 
equipment to protect the wearer's head and neck 
from rebounding material during abrasive blasting. 
Such a hose mask with a blower is classified as a 
Type "AE" supplied-air respirator, and the one 
without a blower is classified as Type "BE." 

An approved hose mask with a blower may have 
up to 300 ft of air supply hose in multiples of 25 ft, 
but one without a blower may have only up to 75 ft in 
multiples of 25 ft. The hand- or motor-operated 
blower must deliver air through the maximum 
length of hose at not less than 50 lpni. The motor-

. operated blower of a device with 50 ft of hose must 
deliver no more than 145 1pm. However, no max­
imum air flow rate is specified for the hand-operated 
blower. Figure 5-42 shows a typical hose mask with a 
hand-operated blower. Notice that a harness and at­
tached lifeline are necessary for use in atmospheres 
immediately dangerous to life or health. 
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The wearer's mobility and area of movement are 
restricted by the large hose that requires him to 
leave a contaminated area by the way he entered. He 
must be careful not to damage the hose and to pre­
vent it from becoming caught on objects . 
NOTE: Although the hose mask with blower is 
presently approved for use in atmospheres im­
mediately dangerous to life or health, it is not per­
mitted for such use in the standards that NIOSH is 
developing for OSHA. 

A hose mask with blower should not be used in an 
atmosphere immediately hazardous to life or health 
because air flow as low as 50 1pm will result in 
negative air pressure during inhalation, permitting 
contaminated air to leak into the covering. Also, if 
the air supply hose is cut or flattened, the wearer will 
be unprotected. Figure 5-43 shows a typical hose 
mask with hand operated blower in use in a tank 
reentry operation. 



Figure 5-37. 
Typical abrasive blasting hood. (Courtesy 
Mine Safety Appliances Co.) 

Figure 5-39. 
Simple flexible plastic full suit. 

Figure 5-38. 
Supplied air hood for lead grinding. (Courtesy 
Mine Safety Appliances Co.) 

'W' 

._.._ 

__,,,,,, 
Figure 5-40. 

Complex full suit for protection in demanding 
conditions. 
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Figure 5-41. 
Typical combination air line and SCBA 
respirator. (Courtesy Mine Safety Appliances 
Co.) 

•• 

Figure 5-43. 
Typical hose mask with hand-operated blower 
being used for tank entry. (Courtesy Mine En­
forcement Safety Administration.) 
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CHAPTER SIX 

RESPIRATOR SELECTION 

OSHA ST AND ARDS 

OSHA 1910.134 states that respirators shall be 
selected on the basis of the hazards to which workers 
are exposed and that ANSI 288.2-1969 shall be used 
for guidance in their selection. OSHA also requires 
that approved or accepted respirators be used when 
available. For certain respiratory hazards, specific 
instructions about respirator . use are given in other 
OSHA regulations. The trend seems to be toward 
regulations that specify the conditions of respirator 
use for each task. OSHA 1910.134 is then consulted 
for general instructions. Regardless of the 
regulations, respirators must be selected with the en­
vironment in which they will be used in mind. To do 
so require·s certain basic information, so one should 
always ask the following questions before selecting a 
respirator. 

1. What is the estimated contaminant concentra­
tion where the respirator will be used? 

2. What is the permissible exposure limit to the 
contaminant? 

3. Is the contaminant a gas, vapor, mist, dust, or 
fume? 

4. Could the contaminant concentration be term­
ed immediately hazardous to life or health? 

5. If the contaminant is flammable , does the es­
timated concentration approach the lower explosive 
limit? 

6. Does the contaminant have adequate warning 
properties? 

7. Will the contaminant irritate the eyes at the es- . 
timated concentration? 

8. If the contaminant is a gas or vapor, is there an 
available sorbent that traps it efficiently? 

9. Can the contaminant be absorbed through the 
skin as a vapor or liquid? If so; will it cause serious 
injury? 

The answers to these questions can provide 
enough information for choosing a respirator for 
routine use. There is nothing strange or unique 
about these questions. They represent the factors 
that a good industrial hygiene program would incor- · 
porate for respirator selection or any other type of' 
control and form the basis for the Respirator Deci- i 
sion Logic (incorporated verbatim as Appendix F) 

used in the Joint NIOSH and OSHA Standards 
Completion Program. 

You should review the Decision Logic when con­
sidering respirator select ion because it incorporates 
the above questions in an orderly sequence. By 
following this logic, you will be able to choose a 
respirator that is satisfactory for the situation at 
hand and be assured that you have not overlooked 
any important factor. 

The Decision Logic is being used (in 1975) in 
development of detailed work practices for the 
material listed in 29CFR Part 1910.1000, Tables Z-1, 
2, and 3. It will be useful to you in developing your 
own respirator program until standards are listed for 
the particular materials in which you are interested . 
Hc•forc> proceding to exa mples of how to use the Deci­
sion Logic . we> would like to point out four criteria of 
part ict1lar interest. 
• When respirators are used for protection against 

gases and vapor, it is commonly recommended 
that cartridges be changed when the wearer smells 
the vapor. This indicates that there must be some 
smell or irritation to alert the wearer. Section IV B 
of the Decision Logic states that a substance 
should be considered to have warning properties if 
the odor or irritation threshold is not more than 
three times the exposure limit, and there is no ceil­
ing limit. Consideration is given to whether un­
detected exposure in this concentration range 
could cause serious or irreversible health effects. If 
not, the substance is considered to have adequate 
warning properties. 

• Section IV C states that where there is supporting 
evidence of vapor breakthrough in less than three 
minutes at concentrations immediately dangerous 
to life or health or below, a cartridge or canister 
sorbent air purifying device should not be allowed 
for any use. The principal sources of information 
on sorbent efficiencies are Lawrence Livermore 
Laboratory and 30 CFR-11 on certain specific 
materials on which cartridge tests are run. Users 
should be alert to any future information on sor­
bent efficiency, as it will definitely affect choice of 
air purifying respirators. 
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• Section IV D states that for routine operations any 
perceptible eye irritation is considered unaccep­
table. No definition of perceptible eye irritation is 
given. 

• Section IV E concerns atmospheres immediate!~· 
dangerous to life or health, (IDLH). Opinions on 
the correct defintion of IDLH differ, but this sec­
tion gives several guidelines to assist you in defin­
ing it . Although not everyone will agree with all the 
conservative guidelines given, this is the best infor­
m at ion avail able for assessing IDLH problems. 

ANSI Z88.2-1969 STANDARDS 

Before development of the NIOSH and OSHA 
Decision Logic, the ANSI 288.2-1969 Standards were 
the main· source of information on respirator selec­
tion . Section 3.5.2, Requirements for a Minimal 
Acceptable Respirator Program, states that 
respirators shall be selected on the basis of the 
hazards to which workers are exposed. Section 3.8 
states that approved or accepted respirators shall be 
used when available. Section 6 is devoted exclusively 
to respirator selection; however, new technology has 
made much of that information obsolete . The Stan­
dard is being revised, and when it is reissued it 
should contain useful details on respirator selection. 

SELECTION 

OSHA 1910.134 requires that approved or 
accepted respirators be used when available. What 
does "available" mean? If at least one brand of ap­
proved or accepted respirator suitable for the 
specific application exists, it is available. Therefore, 
those who must provide respirators to workers must 
select and use approved or accepted respirators. 

An approved respirator is one that has been 
tested, found to meet established performance 
criteria, and listed as approved by an authority such 
as the Mining Enforcement and Safety Administra­
tion (MESA) of the U.S . Department of the Interior, 
or the National Institute for Occupational Health, 
(NIOSH) of the U.S . Department of Health. Educa­
tion. and Welfare . 

The Bureau of Mines (BOM) no longer tests and 
approves respirators;~ however , BOM-approved 
respirators now in the possession of industrial firms 
who must provide them to workers will be recognized 
as approved for various , 2eriods depending upon 
their type. Approval will continue until March 31, 
1976, for particulate-filter and chemical cartridge 
respirators, until March 31, 1979, for self-contained 
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breathing apparatus, and until March 31, 1980, for 
supplied-air respirators . An expiration date for gas 
mas.ks had not been established at the time of prin­
ting. MESA and NIOSH now test and approve 
respirators jointly under the provisions of a 
respirator test and approval document, 30 CFR Part 
11. 

There are some respirators, full suits, for example, 
for which there are no approval criteria . Such a 
special respirator is said to be "accepted" if it has 
been tested and found satisfactory for its specific 
application by some recognized organization . 

SELECTION OF RESPIRATORS FOR 
ROUTINE USE 

Routine use of a respirator is daily or frequent use 
on a regular basis. For such use, a respirator of low 
initial cost , simple maintenance to keep operating 
costs down, minimal wearing discomfort, low 
resistance to breathing, light weight, and compact 
construction should be considered. Nonpowered air­
purifying respirators and airline and hose mask 
supplied-air respirators are suit.able. 

SELECTION OF RESPIRATORS FOR 
NONROUTINE AND EMERGENCY USE 

A respirator used nonroutinely is used for hazar­
dous situations that occur only occasionally. For 
such applications, initial costs and maintenance 
costs are less important than for routine 
applications. The degree of protection and the useful 
service time provided are important. 

Any respirator that protects adequately against a 
hazardous atmosphere that occurs suddenly may be 
used for escape purposes. If the hazardous at­
mosphere causes eye irritation, the respirator should 
have a full facepiece . Compact air-purifying 
respirators with mouthpieces and nose clamps have 
been used successfully for escape from some hazar­
dous atmospheres. 

If an area containing an unknown air contaminant 
concentration must be entered, a pressure demand 
SCBA or a combination SCBA and airline supplied­
air respirator, either of which is specifically designed 
to maintain positive air pressure. inside the 
facepiece, should be used. 

A pressure demand SCBA should be used in fire 
fighting . All the questions that should be answered 

! in selecting respirators for routine use should also be 
: answered in selecting respirators for emergency use. 



In the NIOSH Decision Logic, emergency use 1s 
mentioned under respirator protection factors. 

RESPIRATOR PROTECTION FACTORS 

Definition 

The respirator protection factor indicates how 
much protection a respirator provides. It is the ratio 
of the contaminant concentrations outside and in­
side the respirator. Determination of the protection 
factor requires quantitative performance tests of the 
respirator worn in a test atmosphere during exercise 
simulating motions made by workers, or worn by 
workers carrying out tasks in contaminated work 
areas (see Chapter 8). 

Assignment 

Much research has been done recently on assign­
ing protection factors to various types of respirators. 
Table 6-1, reproduced verbatim from the LASL 
protection factor document, lists assigned respirator 
protection factors resulting from this research. When 
using Table 6-1, pay strict attention to its footnotes 
as they are essential in interpreting the table and 
assist in application of protection factors. The 
protection factors listed in the Decision Logic are 
ta ken from Ta hie 6-1. 

Application 

To apply an assigned protection factor for a par­
ticular type of respirator, one must know both the 
actual contaminant concentration in the work area 
and the established time-weighted average concen­
tration. Multiplying the time-weighted average con­
centration by the respirator protection factor gives 
the maximum concentration of the contaminant 
against which the particular type of respirator may 
be used. If the actual concentration is less than the 
calculated maximum use concentration, the 
respirator may be used. 

In describing use of protection factors in respirator 
selection, it is assumed that a complete respirator 
program is in force. A protection factor is not 
applicable if the wearer cannot satisfactorily seal the 
respirator to his face or head. Anything such as facial , 
hair or spectacles that prevents satisfactory sealing · 
of a respirator nullifies application of a respirator i 
protection factor. A protection factor can be used · 
only ,i the respirator is in good operating condition, 
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so the respirator must be properly maintained. 
Other limitations of various types of respirators dis­
cussed in Chapter Eight must also be considered in 
applying protection factors. 

EXAMPLES OF RESPIRATOR SELECTION 

The following are hypothetical but typical ex­
amples of the respirator selection process. They 
should not be . used as cookbook models, but as 
guides to the rationale for selecting particular 
respirators, and, equally important, to the industrial 
hygiene aspects of the hazards. In these examples, 
we assume that regular use of respirators is permissi­
ble. 

1. A muller operator in a foundry complains of 
dust in the air, and the superintendent supplies him 
a single-use, disposable respirator. The steward tells 
the superintendent that this is a violation of the 
OSHA Regulations as the particular respirator does 
not have NIOSH and MESA approval. Who is right, 
and what should be done? 
Answer: Nothing bans the sale or use of unapproved 
devices in areas where respirators are not required. 
Bc>fore deciding about use of this respirator, we need 
information about the dust concentration in the air. 
Samples were taken in the muller's breathing zone, 
and the dust concentration was found to be 5 
mg/m3 . The amount of crystalline silica (quartz) in 
the dust was 48%. The permissible quartz dust ex­
posure limit in such conditions is 1.5 mg/m3 . 

Now refer to Section II of the Respirator Decision 
Logic, Appendix F. Because the material is a par­
ticulate, statements 2, 4, and 6 are not pertinent. As 
to the other statements: 3) Silica is not known to be 
an eye irritant, 5) the IDLH concentration is far 
above the fi-mg/m:1 dust level found in this case. and 
7) to date, there is no evidence of injury from silica 
through skin absorption. As the material is a par­
ticulate·, we can proceed to Section III B, the specific 
decision logic chart for respiratory protection against 
particulates. The restrictions under Routine Use do 
not apply, so we can proceed to Appendix 1, Section 
A, "Protection Factors for Particulate Filter 
Respirators." As the dust concentration is less than 
five times the permissible limit, we can choose any 
respirator from this list. A single-use respirator with 
a protection factor of 5 or a half-mask respirator with 
a protection factor of 10 probably would be chosen. 

2. A woman doing silk screening without any local 
exhaust ventilation complained of headaches and 
nausea from the vapors and fumes. She was given a 
dust respirator customarily used by a sandblaster's 
helper. (Obviously a dust respirator for use against 
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I. 

II. 

III. 

TABLE 6-1 

RESPIRATOR PROTECTION FACTORS' 

Facepiece2 Protection 
Type Respirator Pressure Factor 

Air-Purifying 
A. Particulate3 removing 

Single-use,4 dust5 - 5 
Quarter-mask, dust6 - 5 
Half-mask, dust6 - 10 
Half- or Quarter-mask, fume 7 - 10 
Half- or Quarter-mask, High-Efficiency8 - 10 
Full Facepiece, High-Efficiency - 50 
Powered, High-Efficiency, all enclosures + 1000 
Powered, dust or fume, all enclosures + x9 

B. Gas and Vapor-Removing10 

Half-Mask - 10 
Full Facepiece - 50 

Atmosphere-Su pp lying 
A. Supplied-Air 

Demand, Half-mask - 10 
Demand, Full Facepiece - 50 
Hose Mask Without Blower, Full Facepiece - so 
Pressure-Demand, Half-Mask 11 + 1000 
Pressure-Demand, Full Facepiece12 + 2000 
Hose Mask With Blower, Full Facepiece - 50 
Continuous Flow, Half-Mask11 + 1000 

Continuous Flow, Full Facepiece12 + 2000 
Continuous Flow, Hood, Helmet, or Suit13 + 2000 

B. Self-Contained Breathing Apparatus (SCBA) 
Open-Circuit, Demand, Full Facepiece - 50 
Open-Circuit, Pressure-demand Full Facepiece + 10,00014 

Closed-Circuit, Oxygen Tank-type, Full Facepiece - so 

Combination Respirator 
A. Any combination of air-purifying and Use minimum protection 

atmosphere-supplying respirator. factor listed above for 
B. Any combination of supplied-air type of mode of operation. 

respirator and an SCBA 

Exception: Combination supplied-air respirators, in pressure-demand or other positive 
pressure mode , with an auxiliary self-contained air supply, and a full facepiece, should 
use the PF for pressure-demand SCBA. 

NOTE : Table is not to be reproduced without the accompanying footnotes. 



1 The overall protection afforded by a given respirator design (and mode of operation) may be 
defined in terms of its protection factor (PF). The PF is a measure of the degree of protection 
afforded by a respirator, defined as the ratio of the concentration of contaminant in the 
ambient atmosphere to that inside the enclosure (usually inside the facepiece) under condi­
tions of use. Respirators should be selected so that the concentration inhaled by the wearer 
will not exceed the appropriate limit. The recommended respirator PF's are selection and.use 
guides, and should only be used when the employer has established a minimal acceptable 
respirator program as defined in Section 3 of the ANSI 288.2-1969 Standard. 

2 In addition to facepieces, this includes any type of enclosure or covering of the wearer's 
breathing zone, such as supplied-air hoods helmets, or suits. 

3 Includes dusts, mists, and fumes only. Does not apply when gases or vapors are absorbed on 
particulates and may be volatilized or for particulates volatile at room temperature. Example: 
Coke oven emissions. 

4 Any single-use dust respirator (with or without valve) not specifically tested against a 
specified contaminant. 

5 Single-use dust respirators have been tested against asbestos and cotton dust and could be 
assigned a PF of 10 for these particulates. 

6 Dust filter refers to a dust respirator approved by the silica dust test, and includes all types 
of media, that is, both nondegradable mechanical type media and degradable resin-impreg­
nated wool felt or combination wool-synthetic felt media. 

7 Fume filter refers to a fume respirator approved by the lead fume test. All types of media are 
included. 

8 High-efficiency filter refers to a high-efficiency particulate respirator. The filter must be at 
least 99.97% efficient against 0.3 µm DOP to be approved. 

9 To be assigned, based on dust or fume filter efficiency for specific contaminant. 

1°For gases and vapors, a PF should only be assigned when published test data indicate the 
cartridge or canister has adequate sorbent efficiency and service life for a specific gas or vapor. 
In addition, the PF should not be applied in gas or vapor concentrations that are: 1) 
immediately dangerous to life, 2) above the lower explosive limit, and 3) cause eye irritation 
when using a half-mask. 

11 A positive pressure supplied-air respirator equipped with a half-mask facepiece may not be 
as stable on the face as a full facepiece. Therefore, the PF recommended is half that for a 
similar device equipped with a full facepiece. 

12 A positive pressure supplied-air respirator equipped with a full facepiece provides eye 
protection but is not approved for use in atmospheres immediately dangerous to life. It is 
recognized that the facepiece leakage, when a positive pressure is maintained, should be the 
same as an SCBA operated in the positive pressure mode. However, to emphasize that it 
basically is not for emergency use, the PF is limited to 2,000. 
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13The design of the supplied-air hood, suit, or helmet (with a minimum of 6 cfm of air) may 
determine its overall efficiency and protection. For example, when working with the arms 
over the head, some hoods draw the contaminant into the hood breathing zone. This may be 
overcome by wearing a shon hood under a coat or overalls. Other limitations specified by the 
approval agency must be considered before using in cenain types of atmospheres. 

14The SCBA operated in the positive pressure mode has been tested on a selected 31-man 
panel and the facepiece leakage recorded as less than 0.01 % penetration. Therefore, a PF of 
10,000+ is recommended. At this time, the lower limit of detection 0.01 % does not warrant 
listing a higher number. A positive pressure SCBA for an unknown COf!centration is recom­
mended. This is consistent with the 10,000+ that is listed. It is essential to have an emergency 
device for use in unknown concentrations. A combination supplied-air respirator in pressure­
demand or other positive pressure mode, with auxiliary self-contained air supply is also 
recommended for use in unknown concentrations of contaminants immediately dangerous to 
life. Other limitations, such as skin absorption of HCN or tritium, must be considered. 

an organic vapor is a completely wrong choice.) The 
woman's continued complaints of headaches and 
nausea lead to an OSHA inspection . Air sampling 
revealed 40 ppm of isophorone in her breathing zone. 

. It was pointed out that this was above the permissi­
ble 25-ppm limit for isophorone. A local exhaust 
system was suggested . Management agreed, and 
while the local exhaust system was being installed 
suppli ed the employee with what type of respirator if 
any? 

Answer: The measured 40-ppm concentration is 
1.6 times the 25-ppm permissible limit. In the Deci­
sion Logic, Section II, note that questions 2-6 and 7 
are unanswered. A review of the literature . on 
isophorone will show that it can be detected well 
below the 25-ppm level and that 40 ppm presents a 
definite sensation to the eyes. This, using the Deci­
sion Logic interpretation, would be interpreted as 
eye irritation. The lower explosive limit and the con­
centration immediately hazardous to life are well 
above 40 ppm. Finally, there is no evidence of poor 

. sorbent efficiencies or problems of skin absorption 
with this material. 

Proceed to Section III A, the Chart for Respiratory 
Protection Against Gases or Vapors. Item C, Eye 
Irritation, eliminates use of half-mask respirators. 
Protection factors for chemical cartridges and gas 
masks are listed in Appendix I B. Although the 

. protection factor necessary is only 3, chemical car­
tridge half-mask respirators with protection factors 
of 10 are eliminated because of the eye irritation 
problem. A minimum of a chemical cartridge 
respirator with a full facepiece must be provided. 

3. A sandblaster and his helper are working out­
doors on a 50-foot scaffold . Are respirators 
necessary? If so, what type of respirators? 
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Answer: To fully answer these questions, we must 
ask what abrasive is being used and what surface is 
being treated. LPt's assume that the abrasive is 
silica sand and the surface is granite. These create a 
silica dust problem, and the OSHA ventilation stan­
dards 1910.94 require that the employer furnish 
respiratory protection whenever silica sand is used 
as an abrasive. Furthermore, even if a different 
abrasive were used, silica dust would be produced 
from the granite. Therefore the operator must be fur­
nished an approved abrasive blasting respirator, a 
Type AE. BE. or CE device . 

Another aspect of this problem which must be 
considered closely is the workplace geometry. The 
sandhlnstl'r and his lwlper are working on the scaf­
fold . We have specified protection for the sand­
blaster, but ho..y about his helper? He is in the im­
mediate vicinity of the blasting, so he should have 
the same degree of protection. However, he will 
probably have to leave the scaffold occasionally to 
perform some task. Then, having to remove the 
abrasive blasting hood will be a nuisance, and trying 
to climb down from the scaffold while wearing it will 
be dangerous. 

There are several solutions to this problem . The 
best would be to arrange that the helper stay on the 
ground, ascending to the scaffold only when ab­
solutely necessary . Then, a half-mask dust 
respirator would be adequate. If the helper must be 
on the scaffold with the sandblaster most of the 
time, work practices should specify that he must 
stay as far away from the sandblaster as the scaf­
folding allows. If this is done in conjunction with 
periodic air sampling to ensure that the airborne 
silica concentrations do not exceed the OSHA limits 
by more than 10 times, a half-mask dust respirator 



can be used. If this is impossible, the only recourse is 
to provide the helper the same protection as the 
sandhlastc>r. R<·mc>mher, the air supply syst em 
must meet the requirements for Grade D or better 
compressed air. 

The point illustrated in this example is that it is 
not enough to abide only by the requirements of 29 
CFR Part 1910.134 which is concerned with general 
use of respirators. There are other requirements , 
within the OSHA regulations which may also affect 
respirator selection and use . 

l Tse> of the Dl'cision Logic was not men! inned in 
this example. The regulations requiring use of a : 
supplied air hood were made hefore assembly of the 
Decision Logic . You will note that the D<·cision Logic : 
Prot eel ion Factor Table lists a PF of 2000 for the ' 
supplied air hood. Considering the unknown concen- ' 

• I 

trat ion of silica dust to which the sandblaster can he 
exposc>d. the protection required is consistent with 
thP Decision Logic. 

4. A man assigned to clean a large degreaser must 
occasionally go into the degreaser pit. He complains 
that the odor of trichloroethylene (trichlor) is so 
strong that it comes through his respirator cartridges 
after only a short time. Should he be assigned 
another type of respirator? 

Answer: The fact that the worker complains 
about the short lifetime of the sorbent cartridges 
warns that the trichlor concentrations may be high . 
This brings up the dual hazards of toxicity and ox­
ygen deficiency. Degreaser pits are places where 
vapors may collect and, unless ventilated, actually 
reduce the oxygen below safe levels. Unless the pit is 
ventilated to prevent oxygen depletion, a positive 
pressure SCBA must be used . If the pit is ventilated, 
it will not be necessary to wear a respirator if tests 
show that the trichlor concentration is below the ex­
posure limit and that the oxygen has not been 
depleted. 

Again, the Decision Logic Section III A shows that 
for entry and escape from unknown concentrations 
the only type of device that can be used is positive 
pressure self-contained breathing apparatus. 

5. A flagman for an aerial crop duster using 
Phosdrin dust is supplied a single-use disposable 
dust respirator. Is this adequate? 

Answer: Several points listed in the Decision 
Logic flow chart are pertinent here. Pesticides such : 
as Phosdrin are noted for their ability to kill by ab- : 
sorhtion through the skin . The single-use respirator • 
certainly does not provide complete skin protection. 
In such cases, protective clothing is as important as 
a proper respirator. 

The pesticide is mixed with the dust; however, 
some of it may vaporize from dust. This is one reason 

why the only respirators approved for pesticide use 
have organic charcoal in back of the dust filter. 

The Phosdrin concentration to which the flagman 
is exposed is not stated. Before a respirator can he 
assigned, we must know the approximate concentra­
tion expected. If the concentration cannot be es­
timated, the flagman will have to be provided with a 
self-contained breathing apparatus. 

6. Hydrocyanic acid is used in a fumigation 
chamber. By state regulation, a full-face respirator 
or gas mask with a hydrocyanic acid canister is re­
quired. Is such protection satisfactory? 

Answer: To decide whether the respirator is ade­
quate, one must have some knowledge of the toxicity 
and potential concentration of the hydrocyanic acid . 
The TLV for hydrocyanic acid is listed as 10 ppm, 
with a warning that skin absorption is a problem. 
Regardless of the respiratory protection provided, 
there must be some protection for the skin in such an 
atmosphere. 

A review of the toxicity of hydrocyanic acid will 
show that a concentration of 270 ppm is immediately 
fatal and concentrations of 110 ppm are fatal within 
half an hour. Concentrations of hydrocyanic acid in 
fumigation chambers usually exceed 1 % (10,000 
ppm) . The full -face gas mask is accorded a protec­
tion factor of only 50 in Table 6-1. Therefore, it 
would not be useful in concentrations above 500 
ppm. Such a mask would not be satisfactory in this 
case. The Decision Logic offers a quicker solution. 
Section III A notes that when the contaminant con­
centration exceeds that immediately dangerous to 
life or health, only positive pressure self-contained 
breathing apparatus is acceptable respiratory 
protection. 

7. A salvage company is to demolish a large open­
framework steel structure built in 1910 in a southern 
city. The job will require extensive use of cutting 
torches. Will respirators be required, and if so, of 
what type? 

Answer: Respirators definitely must be used. As 
the structure was built in 1910, it undoubtedly has 
many coats of lead-base paint, which when heated 
by the cutting torches will create a severe airborne 
lead problem. Therefore a respirator approved for 
protection against metal fumes can be used. 
Whether this will be a quarter- or half-mask or full­
facepiece respirator can be determined only after air 
samples are taken in the wearers' breathing zones. 
Because this is an outdoor operation, the concen­
trations will vary widely. However, similar 
operations have shown that concentrations of 2 
mg/m3 are not unusual. Considering the low protec­
tion factors for air-purifying respirators, the high 
temperatures in this climate, and the added heat 
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loss from the cutting torches, a continuous flow air 
line respirator should be considered. The trailing air 
hoses should not present much of a problem, as the 
workers will already be encumbered with the gas 
supply lines to the cutting torches. When equipped 
with a half-mask facepiece to allow wearing of the 
necessary goggles, the air line respirator will provide 
a more than adequate protection factor of 2000. 

Providing this protection involves the expense and 
maintenance of the air supply system, plus the cost 
oft he expensive air line respirator itself. However, in 
this example, these complications seem more than 
justified. 

9. A large packing firm in Washington state stores 
apples in warehouses containing a nitrogen at­
mosphere with less than 3% oxygen. Inspectors must 
enter the storage areas periodically to examine the 
apples. What type of protection do they need? 

Answer: Obviously with only 3% oxygen, the at­
mosphere inside the warehouse must be considered 
immediately hazardous to life. This fact seems to 
dictate use of a positive pressure supplied air device. 
This is not entirely true, as we are dealing only with 
reduced oxygen content of the air, not toxic 
materials in it. As discussed in Chapters Three and 
Four, the sea level oxygen content can be reduced, 
on a physiological basis-not a legal one, to about 
14.5% without significant physiological effects. This 
amounts to reducing the partial pressure of oxygen 
in the air from a normal 160 mm Hg to about 110 
mm. This 50-mm reduction is ab9ut 30% of the total 
normal oxygen (50/160 x 100 = 31 %). Translated into 
respirator leakage, this means that the wearer could 
tolerate about 30% leakage of air containing no ox­
ygen into the facepiece. On the basis of facepiece 
leakage alone, a half-mask with a protection factor 
of 10 would allow up to 10% leakage, and a full 
facepiece would allow up to 2% leakage with a 
protection factor of 50. Atmosphere-supplying 
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devices with either of these facepieces would provide 
adequate protection and a reasonable margin of safe­
ty. Many choices could be made. If the inspectors 
must remain inside for more than 30 minutes, an air 
line respirator with escape cylinder or a closed cir­
cuit SCBA should be used. The choice will depend 
on whether the inspector can tolerate the trailing air 
line or prefers to carry 35 pounds of breathing ap­
paratus on his back. An oxygen-generating closed 
circuit SCBA could be used, but its useful lifetime is 
only one hour and once started it cannot be shut off. 
For less than a half hour, an open circuit SCBA 
could he used, as well as the device just mentioned . 

This example illustrates that a simple oxygen­
dificiency hazard is relatively easy to deal with. 
However, it must be classified as being immediately 
hazardous to life and the OSHA requirements for 
communications, standby men, lifelines, etc. during 
respirator use in such atmospheres must be met. 

Although the rationale for use of demand type at­
mosphere supplying units is reviewed, they would 
not be allowed. Section III A states specifically that 
in concentrations immediately dangerous to life or 
health you must eliminate all but the positive 

· pressure self-contained breathing apparatus. 
We hope that these examples of respirator selec­

tion indicate the fundamental thought processes in­
volved. Without a knowledge of the degree and ex­
tent of the respiratory hazard and other possible 
physiological hazards, choosing the proper respirator 
can deteriorate into a potentially dangerous guessing 
game. The fact that the person selecting the 
respirator may riot be an industrial hygienist or 
other knowledgeable individual is no excuse. The 
OSHA requirements state that the respirator "shall 
be selected on the basis of hazards to which the 
worker is exposed," which, freely translated, means 
by hazard evaluation. 



CHAPTER SEVEN 

RESPIRATOR USE 

LEGAL REQUIREMENTS 

OSHA 1910.134 states that the correct respirator 
shall be specified for each job and that a qualified in­
dividual supervising the respirator program usually 
specifies the respirator. Also, the person who issues 
respirators shall be adequately instructed to ensure 
he issues the correct respirator. 

PRACTICALITIES OF RESPIRATOR ISSUE 

Issuance of respirators seems simple, but issue of 
an incorrect respirator may injure or even kill a 
worker, so the matter cannot be treated lightly. The 
person responsible for issuing respirators must be 
adequately trained to make sure that he issues the 
correct respirator for each job. Some firms have 
developed an elaborate system wherein each wearer 
is issued a card that specifies what type of respirator 
he can be issued for protection against a particular 
hazard. He is required to show this card to the issuer, 
who can issue only the type of respirator listed. 
Often, · such a c1J.rd lists a particular brand of 
respirator on the basis of fitting tests. 

When practical, a respirator should be assigned to 
each worker for his exclusive use, and should be per­
manently marked to indicate to whom it is assigned. 
Care must be taken to ensure that the marking does 
not hurt the respirator performance. If possible, 
records should be kept on the issuance and use of 
each respirator. To do so, each must be permanently 
identified. Records should include the date of initial 
issue, the dates of reissue, and a listing of repairs. 

SUPERVISION OF RESPIRATOR USE 

Random Inspection 

Respirators in use shall be randomly inspected 
frequently to ensure that those selected for the job 
are being used and that they are in good condition. 
Respiratory protection is no better than the 
respirator in use. Periodic monitoring of respirator 
use should include: 

• Determination that the proper respirators are- be­
ing used. 

• Determination that respirators are l:Jeing worn 
properly. 

• Consultation with wearers about: 
Discomfort 
Resistance to breathing 
Fatigue 
Interference with vision 
Interference with communications 
Restriction of movement 
Interference with job performance 
Confidence in the respirator 

Problems discovered during the random inspec­
tions must be rectified. 

Employee Responsibility 

Proper supervision of respirator use should ensure 
that each worker understands that he has the follow­
ing responsibilities. 
• He shall use the respirator as instructed. 
• He shall guard against damaging the respirator. 
• He shall go immediately to an area having 

respirable air if the respirator fails to provide 
proper protection. 

• He shall report any respirator malfunction to a 
person responsible for the respirator program. 

Determination of Wearer's Exposure to Hazards 

Appropriate surveillance of work area conditions 
and of worker exposure to respiratory hazards shall 
be carried out. This means that the concentration of 
the respiratory hazard to which workers are exposed 
shall be determined periodically and records shall be 
kept. The monitoring must cover conditions 
throughout a full work shift as activities in the work 
area vary during the shift and change the hazard 
concentration. The time-weighted average concen­
tration and ceiling (peak) concentration of the 
hazard during the work shift :must be determined. 
Preferably, the air in the work area should be sampl­
ed in the workers' breathing zones. 
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Fit Testing Before Use 

Respirator facepieces shall be checked for fit each 
time they are worn. The wearer can make either the 
positive- or the negative-pressure test, discussed in 
Chap. Eight, before entering a hazardous at­
mosphere, but a qualitative check using either 
isoamyl acetate or irritant smoke is much preferred. 

FUNCTIONAL AND PHYSICAL CHAR­
ACTERISTICS AND USE LIMITATIONS OF 
RESPIRATORS 

The various types of respirators and their func­
tional and physical characteristics and use 
limitations are discussed in Chap. Five. As these fac­
tors are most important in respirator use, additional 
information is given here. 

Limitations of Particulate-Filter Elements 

As discussed in Chap. Five, the air flow resistance 
of a particulate-removing respirator filter element 
increases as the quantity of particles it retains in­
creases. This resistance increases the breathing 
resistance offered by a nonpowered respirator and 
may reduce the rate of air flow in a powered 
respirator. Filter element plugging by retained par­
ticles may also limit the continuous use time of a 
particulate-filter type respirator. Rapid plugging 
means that the element must be replaced frequent­
ly. Elements should be replaced at least daily or 
more often if necessary. Filter elements designed to 
be cleaned and reused also should be cleaned at least 
daily. 

Performance of some fibrous filter materials (elec­
trostatic felts) is hurt by storage in very humid at­
mospheres, so care should be taken in storing filter 
elements. Performanc·e also may deteriorate during 
use because of water vapor in the workplace at­
mosphere. Airborne liquid particles (aqueous and 
nonaqueous) and extremely small solid particles 
may deteriorate the functioning of these materials. 
Solid particles plug fibrous filter materials 
(including electrostatic felts). and, although this 
plugging increases the resistance to air flow, signifi­
cant plugging increases the materials' efficiency in 
removing particles from air. 

Limitations of Vapor- and Gas-Removing Car­
tridges and Canisters 

It has been stated that if a vapor or gas lacks ade­
quate warning properties (odor, taste, irritation) in a 
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concentration above the established breathing time­
weighted average concentration, a vapor- and gas­
removing air-purifying respirator should not be us­
ed. Another limitation is limited capacity of the car­
tridges and canisters in these respirators to remove 
vapors and gases from air, or to catalyze a reaction 
conve'rting toxic vapors or gases to nontoxic products 
or products that can be removed from air. 
Theoretically, cartridges and canisters containing 
sorbents are totally efficient against vapors and gas­
es until their capacity for adsorption or catalysis is 
exhausted. Then, the vapor or gas passes through 
the sorbent bed of the cartridge or canister and into 
the respirator. If the wearer detects an odor or taste 
of gas in the inspired air, or feels eye or throat irrita­
tion, he should leave the hazardous area immediate­
ly and go to a safe area that contains respirable air. 
Then, he should replace the cartridge or canister. 
Because of the limited useful service time of 
canisters and cartridges, they should be replaced 
daily or after each use, or even more often if the 
wearer detects odor, taste, or irritation. 

If a respirator wearer detects an odor, taste, or 
irritation for a very short time and then the sensa­
tion disappears, penetration of an air contaminant 
into the respiratory-inlet covering has not necessari­
ly ceased. The nerve endings that cause a sensation 
of odor, taste, or irritation often are fatigued or their 
response is dulled by low concentrations of sub­
stances. Thus, one may fail to detect low concen­
trations of some substances in air. This often 
happens when the concentration increases very slow­
ly. 

Some sorbents used in cartridges and canisters are 
harmed by high humidity, whereas others are harm­
ed by very dry atmospheres. Therefore, when replac­
ing these elements, never use an unsealed one and 
remember that if the hazardous atmosphere is very 
moist or dry, the useful service time may be marked­
ly reduced. 

Advantages and Limitations of Nonpowered Air­
Purifying Respirators 

In addition to those limitations imposed hy 
respiratory~inlet coverings (see Chap . Five). 
particulate-filter elements, and sorbent cartridges 
and canisters, further limitations of non powered air­
purifying respirators should be considered. 

An important disadvantage is the negative air 
pressure created inside the respiratory-inlet covering 
during inhalation which can cause air contaminants 
to penetrate the covering if it fits poorly. Care should 
be taken to provide each wearer with a respirator 
that fits him. This can best he accomplished by in­
dividual fittings. 



Other disadvantages of nonpowered air-purifying 
respirators include resistance to breathing, need for 
frequent replacement of air-purifying elements, and 
need for continual maintenance (except for single­
use respirators). 

Advantages and Limitations of Powered Air­
Purifying Respirators 

In addition to those imposed by respiratory inlet 
coverings, particulate-filter elements, and cartridges 
containing sorbents, other limitations of powered 
air-purifying respirators should be considered. 

A powered respirator's battery must be recharged 
periodically to ensure that the blower will deliver 
enough respirable air to the respiratory-inlet cover­
ing. A battery has a limited useful life and cannot be 
recharged indefinitely. Battery replacement can be 
expensive. 

The blower in most powered respirators has a 
high-speed motor whose parts eventually wear out. 
Therefore, the blower will have to be replaced 
periodically. If the blower fails, the wearer of a 
powered respirator must go to the nearest safe area 
immediately. 

Other disadvantages include weight, bulk, com­
plex design, the need for continual maintenance, 
high initial cost, cost of at least daily replacement of 
air-purifying elements, and cost of periodic replace­
ment of batteries and blowers. Out-of-doors use 
presents a special problem of hot air being supplied 
to the respiratory-inlet covering. 

The great advantage of the powered air-purifying 
respirator is that the air inside the respiratory-inlet 
covering is normally at positive pressure which 
reduces the possibility of contaminated air entering, . 
and that the wearer is continually being supplied 
with fresh air with no breathing resistance. 

Advantages and Limitations of Airline Supplied­
Air Respirators 

Loss of the source of respirable air supplied to the 
respiratory-inlet covering of the airline supplied-air 
respirator eliminates any protection to the wearer. 
Such loss may be caused by cutting, burning, kink­
ing, or crushing the supply air hose, by air com­
pressor failure, or by depletion of the respirable air 
in a storage tank. Possible loss of respirable air 
prohibits airline respirator use in atmospheres im­
mediately dangerous to life or health. However, an 
airline respirator with an auxiliary self-contained air 
supply can be used in such atmospheres because the 
auxiliary self-contained air supply always can be 
used in escape. The trailing air supply hose of the 

airline respirator severely restricts the wearer's 
mobility. This may make the airline respirator un­
suitable for those who must move frequently 
between widely separated work stations. A combina­
tion airline and self-contained breathing respirator 
may be suitable if the supply of self-contained 
breathing air is adequate for the time required to 
move from place to place. 

Airline respirators that operate in the demand 
mode have negative air pressure inside the 
respiratory-inlet covering during inhalation which 
permits the contaminated atmosphere to leak into 
the respiratory-inlet covering if it fits poorly. 
However, airline respirators that operate in the 
continuous-flow or pressure-demand mode always 
have positive air pres·sure inside the respiratory-inlet 
covering which keeps contaminated air from leaking 
in. Thus, an airline respirator operating in the 
continuous-flow or pressure-demand mode provides 
much better protection than one that operates in the 
demand mode. 

A great advantage of the airline respirator is that 
it can be used for long continuous periods. Other ad­
vantages are minimal breathing resistance and dis­
comfort, light weight, low bulk, moderate initial 
cost, and relatively low operating cost. 

Advantages and Limitations of Hose Mask Type 
Supplied-Air Respirators 

Obviously, air pressure inside the respiratory-inlet 
covering of the hose mask with no blower is negative 
during inhalation, so contaminated air can leak in if 
the covering fits poorly. Presently 30 CFR Part 11 
allows a hose mask with a blower that supplie~ 
respirable air at a relatively low (50-lpm) flow rate to 
be approved for atmospheres immediately 
dangerous to life and health. Hose mask type 
supplied-air respirators, with and without blower, 
are not recommended in atmospheres immediately 
dangerous to life or health . 

The trailing air supply hose of the hose mask also 
severly limits mobility, so it may be unsuitable for 
those who must move frequently among widely 
separated work stations. 

A severe restriction of the hose mask without 
blower is that it is limited to a maximum hose length 
of only 75 ft . Also, it requires the wearer to inhale 
against the resistance to air flow offered by the air 
hose which may become significant during heavy 
work. Inhaling against this resistance strains the 
wearer and may cause fatigue . 

Advantages of the hose mask without blower are 
its theoretically long use periods and its simple con­
struction, low bulk, easy maintenance, low initial 
cost, and minimal operating cost. An advantage of 
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the hose mask with blower is its minimal resistance 
to breathing. 

Advantages and Limitations of Self-Contained 
Breathing Apparatus 

The bulk and weight of most SCBAs make them 
unsuitable for strenuous work or use in a very con­
fined space. The limited service life makes them un­
suitable for routine use for long continuous periods. 
The especially short service life of open-circuit type 
devices may limit them to use where the wearer can 
go conveniently and quickly from a hazardous at­
mosphere to a safe atmosphere to change the tank of 
supply air. 

The demand type open-circuit SCBA and most 
closed-circuit SCBAs have negative air pressure in­
side the respiratory-inlet covering during inhalation 
so contaminated air can leak in if they fit poorly. 
The pressure-demand type open-circuit SCBA and 
those closed-circuit SCBAs that are positive­
pressure devices provide very good protection 
because the air inside the respiratory-inlet covering 
is always at positive pressure which keeps the con­
taminated atmosphere from leaking in. 

Because the SCBA wearer carries his own supply 
of respirable air, he is independent of the surroun­
ding atmosphere. A great advantage of such ap­
paratus is that it allows comparatively free move­
ment over an unlimited area. 

RESPIRATOR USE UNDER SPECIAL 
CONDITIONS 

In Dangerous Atmospheres 

Written procedures shall be prepared for safe 
respirator use in dangerous atmospheres that may 
occur in normal operations or emergencies. Per­
sonnel shall be familiar with these procedures and 
respirators. At least one standby man, equipped 
with proper rescue equipment including a SCBA 
shall be present in the nearest safe area for emergen­
cy rescue of those wearing respirators in a dangerous 
atmosphere. Communications (visual, voice, signal 
line, telephone, radio, or other suitable type) shall be 
maintained among all persons present (those in the 
dangerous atmosphere and the standby man or 
men). The respirator wearers shall be equipped with 
safety harnesses and safety lines to permit their 
removal from the dangerous atmosphere if they are 
overcome. 
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In Confined Spaces 

Confined spaces are enclosures that are difficult to 
get out of, such as storage tanks, tank cars, boilers, 
sewers, tunnels, pipelines, pits, and tubs. The at­
mosphere in a confined space may be immediately 
dangerous to life or health because of toxic air con­
taminants or lack of oxygen. Before anyone enters a 
confined space, tests should be made to determine 
the presence and concentration of any flammable 
vapor or gas, or any toxic airborne particulate, 
vapor, or gas, and to determine the oxygen concen­
tration. 

The confined space must be force-ventilated to 
keep the concentration of a flammable substance at 
a safe level. No one shall enter if a flammable sub­
stance exceeds the lower explosive limit. No one 
shall enter without wearing the proper type of 
respirator if any air contaminant exceeds the es­
tablished breathing time-weighted average limit or 

. if there is an oxygen deficiency. Even if the contami­
nant concentration is below the established 
breathing time-weighted average limit and there is 
enough oxygen, the safest procedure is to ventilate 
the entire space continuously and to monitor the 
contaminant and oxygen concentrations continuous­
ly if people are to work in the confined space without 
respirators. 

Air-purifying respirators and airline and hose 
mask type supplied-air respirators may be worn in a 
confined space only if tests show that the at­
mosphere contains adequate oxygen and that air 
contaminants are well below levels immediately 
dangerous to life or health. While people wearing 
these types of respirators are in a confined space, its 
atmosphere must be monitored continuously. 

If the atmosphere in a confined space is im­
mediately dangerous to life or health owing to a high 
concentration of air contaminant or oxygen deficien­
cy, those who must enter the space shall wear a 
SCBA or a combination airline and self-contained 
breathing respirator that always maintains positive 
air pressure inside the respiratory-inlet covering. 
This is the best safety practice for confined spaces. 

While personnel are in a confined space, at least 
one standby man with proper rescue equipment, in­
cluding a SCBA, must be present outside for 
emergency rescue. He must maintain com­
munications (visual, voice, signal line, telephone, 
radio, or other suitable type) with those inside. Also, 
those inside the space must be equipped with safety 
harnesses and safety lines to allow their removal in 
case they are overcome. 



In Low and High Temperatures 

Low temperatures will fog respirator lenses. 
Coating the inner surface of the lens with an anti­
fogging compound will prevent fogging down to 
32°F, but severe fogging may occur below 0°F. Full 
facepieces with nose cups that direct the warm, 
moist exhaled air through the exhalation valve 
without its touching the lens are available. They 
should provide satisfactory vision at as low as 
-30°F. At very low temperatures, exhalation valves 
may freeze owing to moisture . Dry respirable air 
should be used with airline respirators and with the 
type of SCBA that has an air tank when they are 
used in low temperatures. 

A person working in high-temperature air is under 
stress. Wearing a respirator causes additional strain 
which should be minimized by using a light-weight 
respirator with low breathing resistance . The airline 
type supplied-air respirator is recommended. Such a 
respirator used in low- or high-temperature at­
mospheres may be equipped with a vortex tube to 
either warm or cool the air supplied. 

SPECIAL PROBLEMS IN RESPIRATOR USE 

Facial Hair 

Facial hair lying between the sealing surface of a 
respirator facepiece and the wearer's skin will pre­
vent a good seal. If the respirator permits negative 
air pressure inside the facepiece during inhalation, 
there will be excessive penetration by an air con­
taminant. Even a few days growth of stubble will 
permit excessive contaminant penetration. 

Respirators shall not be worn when conditions pre­
vent a good seal of the facepiece to the face . Items 
such as beards and sideburns prevent satisfactory 
sealing. Therefore, anyone who has stubble, a 
moustache, sideburns, or a beard that passes 
between his face and the sealing surface shall not 
wear a respirator that allows negative pressure inside 
the facepiece during inhalation. 

Corrective Lenses 

Those who · must wear spectacles present a 
problem in respiratory protection. Spectacle temple 
bars or straps that pass between the sealing surface 
of a full facepiece and the wearer's face prevent a 
good seal. Therefore, spectacles that have temple 
bars or straps shall not be used when a full-facepiece 
respirator must be worn. Spectacles with short tem­
ple bars that do not protrude between the sealing 
surface and the wearer's face, or spectacles without 
temple bars which are taped to the wearer's face may 
be used temporarily. Special corrective lenses to be 
mounted inside full facepieces are available and 
should be used by those who need them. These 
lenses shall be mounted in the full facepiece only by 
qualified persons to ensure good vision, comfort, and 
proper sealing of the facepiece. 

Spectacles or goggles may also interfere with 
quarter- or half-masks. They shall be worn so as not 
to interfere with the seal of the facepiece . If there is 
interference, a full facepiece respirator should be 
worn to avoid sealing problems. 

Contact lenses shall not be worn while wearing a 
respirator in a contaminated atmosphere. Con­
taminants that penetrate the respirator may get into 
the eyes and cause severe discomfort because of the 
contact lenses . 

Miscellaneous Sealing Problems 

Scars, hollow temples, very prominent 
cheekbones, deep skin creases, and lack of teeth or 
dentures may cause respirator facepiece sealing 
problems. Dentures or missing teeth may cause 
problems in sealing a mouthpiece in a person's 
mouth. Full dentures should be retained when wear­
ing a respirator, but partial dentures may or may not 
have to be removed, depending upon the possibility 
of swallowing them. With full lower dentures, 
problems in fitting quarter-masks can be expected, 
as the lower part of the mask tends to unseat the 
denture. 
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CHAPTER EIGHT 

TRAINING AND FITIING 

ELEMENTS OF AN ADEQUATE TRAINING 
PROGRAM 

Selecting the respirator appropriate to a given 
hazard is important, but equally important is using 
the selected device properly. Proper use can be en­
sured by carefully training both supervisors and 
workers in selection, use, and maintenance of 
respirators. This implies that there should be a 
training program. , 

Like the .overall respirator program, the content of 
the training program can vary widely, depending on 
circumstances. However, OSHA 1910.134 requires 
that training of both workers and supervisors include 
the following; no matter what the circumstances: 

An opportunity to handle the respirator, 
Proper fitting, 
Test of facepiece-to-face seal, 
A long familiarizing period of wear in normal air. 

Furthermore, OSHA requires that the wearer receive 
fitting instructions including demonstrations and 
practice in wearing, adjusting, and determining the 
fit of the respirator. These requirements originated 
in ANSI Standard Z88.2-1969. Section 7.4 of that 
Standard gives more details . 

Training of supervisors and workers also should 
include: 
• Discussion of the engineering and administrative 

controls in use and why respirators also are need­
ed, 

• Explanation of the nature of the respiratory 
hazard and what happens if the respirator is not 
used properly, 

• Explanation of why a particular type of respirator 
has been selected, 

• Discussion of how to recognize and handle 
emergencies. 
Unfortunately, these training requirements apply 

to large and small organizations, with no differentia­
tion to meet individual needs. The training the 
supervisor needs may differ from that for the in­
dividual worker, and both may differ markedly from 
that needed by members of emergency response 
teams. This chapter summarizes methods for 
satisfying the OSHA requirements and suggests 
ways that respiratory protection training may be 
tailored to individual needs based on job function. 

The exact format of the training program will vary 
widely, depending upon the organization. The large 
user may need a full-time professional instructor. At 
the other extreme is the very small user who may be 
forced into a do-it-yourself training program. It must 
be emphasized again, however, that the OSHA re­
quirements apply to large and small users alike. 

Supervisor Training 

Supervisors, those who oversee the daily activities 
of one or more workers who wear respirators fre­
quently, should have a reasonably comprehensive 
knowledge of respirators and respiratory protection 
practices. Their training should include, but not 
necessarily be limited to, knowledge of the following. 
• Basic respiratory protection practices, 
• Selection and use of respirators to protect each 

worker against every respiratory hazard to which 
he may be exposed, 

• The nature and extent of the respiratory hazards 
to which the workers may be exposed, 

• The structure and operation of the entire 
respirator program. The supervisor should unders­
tand his responsibility to facilitate functioning of 
the program, including maintenance that the 
worker may be expected to do himself, issuance of 
respirators, control of their use, and evaluation of 
the program's effectiveness. 

• The legal requirements pertinent to use of 
respirators in his situation. 
These suggestions obviously apply to the large 

organization. A smaller organization may have to 
combine the supervisor training with that of the 
workers. This benefits the workers as they receive 
more comprehensive training. 

Worker Instruction and Training 

The extent and frequency of the workers' training 
depends primarily on the nature and extent of the 
hazard. If the hazard is a nuisance particulate, for 
example, the danger from misuse of the respirator is 
not likely to be serious. However, against highly tox­
ic particulates, a single misuse may have serious 
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consequences. The same holds true, of course, for 
gases and vapors. If the respirator is to b~ used in an 
emergency, training in its use should be very 
thorough and complete. In any case, the worker shall 
be given some instruction and training in respiratory 
protection practices. 

As a bare minimum, both worker and supervisor 
should be trained in basic respiratory protection 
practices. Also each should be trained in use of the 
respirator selected for his particular situation. 
Because proper respirator use depends especially 
upon the wearer's motivation, it is important that 
the need for the respirator be explained fully . ANSI 
Standard Z88.2, Sec. 7.4 lists the following points to 
be included in a minimal acceptable respirator 
program. 

(1) Instruction in the nature of the hazard, 
whether acute, chronic, or both, and an honest ap­
praisal of what may happen if the respirator is not 
used. 

(2) Explanation of why more positive control is 
not immediately feasible. This should include 
recognition that every reasonable effort is being 
made to reduce or eliminate the need for respirators. 

(3) Discussion of why this is the proper type of 
respirator for the particular purpose. 

(4) Discussion of the respirator's capabilities and 
limitations. 

(5) Instruction and training in actual use of the 
respirator (especially one for emergency use) and 
close, frequent supervision to ensure that it con­
tinues to be used properly. 

(6) Classroom and field training in recognizing 
and coping with emergencies. 

(7) Other special training as needed. 
A major thrust is toward explaining as much as 

possible about the reasons for wearing a respirator. 
This, of course, is to motivate the user to accept the 
fact that protection is necessary, and to instill in him 
the desire to wear and maintain his respirator 
properly. Just throwing a respirator at a worker with 
orders that he wear it because OSHA says so is one of 
the easiest ways to ensure its misuse. 

At best, a respirator may cause discomfort and in­
convenience, so there is a natural resistance toward 
wearing it conscientiously. Recent field studies have 
pointed this out. Much of this natural resistance can 
be overcome by taking the time and effort to inform 
the wearer as thoroughly as possible why he needs 
the respirator. This eff9rt will create easier accep­
tance of respirators and contribute to subsequent 
correct use. 
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RESPIRATOR FITTING METHODS 

All the care that went into design and manufac­
ture of a respirator to give maximum efficiency will 
not protect the wearer if there is an improper match 
hetween facepiece and wearer or improper wearing 
pract icrs . The problem ~s twofold . Assuming that 
more t hnn one brand of a particular type of facepiece 
is available. the first problem is t.o determine which 
fits best. The second problem is to ensure that the 
user knows when the respirator fits properly. Both 
problems can be solved by use of some sort of fitting 
test, which is one of the OSHA requirements. 

Respirator Fitting Tests 

Determination of facepiece fit could involve both 
qualitative and quantitative tests. A qualitative test 
relies on the wearer's subjective response. A quan­
titative test uses some other means of detecting 
facepiece leakage. The general advantages and dis­
advantages are as follows. 

Qualitative Tests 
Advantages 

Usually, qualitative tests are fast, require no com­
plicated, expensive equipment, and are easily per­
formed in the field . 

Disadvantages 
Qualitative tests rely on the wearer's subjective 
response, so they are not entirely reliable. 

Quantitative Tests 
Advantages 

The greatest advantage of a quantitative test is 
that it indicates respirator fit numerically, and 
does not rely on a subjective response. The quan­
titative test is highly recommended when 
facepiece leakage must be minimized for work in 
highly toxic atmospheres or those immediately 
dangerous to life or health. 

Disadvantages 
Quantitative fitting tests require expensive (up to 
$10,000) equipment that can be operated only by 
highly trained personnel and is unsuitable for field 
use because of its complexity and bulk. Each test 
respirator must be equipped with a ~ampling 
probe to allow removal of a continuous air sample 



from the facepiece, so the same facepiece cannot 
be worn in actual service. 

Selection of a qualitative or quantitative fitting 
test depends upon circumstances such as the severi­
ty and extent of the respiratory hazard and the size 
of the organization. Ideally, both qualitative and 
quantitative tests should be used. A quantitative 
test can be used in selecting the best respirator for 
each worker during training. To supplement the 
periodic quantitative fitting, a qualitative test can 
be used before each entry into a contaminated at­
mosphere. Again, this is only a suggested procedure 
that can be modified on the basis of an objective 
professional evaluation of the circumstances. 

As mentioned in Chap. Five, quarter- and half­
masks, and full facepieces have inherently different 
fitting characteristics. Moreover, several brands of 
each are marketed, each brand manufactured in 
only one size and style and each having slightly 
different fitting characteristics. Although every 
manufacturer designs his facepieces to fit as broad a 
section of the working population as possible, no 
respirator marketed will fit everyone. Therefore it is 
strongly suggested that many brands of a given type 
of respirator be purchased to take advantage of the 
different fitting characteristics of each. In this way, 
the chances of properly fitting all workers are in­
creased. Equally important is the fact that having 
more than one facepiece to choose from gives the 
worker a better chance of finding a respirator that is 
reasonably comfortable while providing good protec­
tion. It is in this process of matching the respirator to 
the individual user that the fitting test, particularly 
the qualitative test, has the greatest impact. 

Respirator Fitting Procedures 

One point must be kept in mind throughout the 
following discussions. The OSHA regulations require 
that workers be allowed to test the facepiece-to-face 
seal of the respirator and to wear it in a test at­
mosphere. 

NOTE: During any fitting test, the respirator 
headstraps must be as comfortable as possible. 
Tightening the straps will sometimes Peduce 
facepiece leakage, but the wearer may be unable to 
tolerate the respirator for any length of time. 

Qualitative Fitting Tests 
Negative Pressure Test. The wearer can perform this 
test by himself in the field . It consists merely of clos­
ing off the inlet of the canister, cartridge(s) , or 
filter(s) by covering with the palm(s) or replacing 
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the seal(s), or of squeezing the breathing tube so that 
it does not pass air; inhaling gently so that the 
facepiece collapses slightly; and holding the breath 
for 10 seconds. If the facepiece remains slightly 
collapsed and no inward leakage is detected, the 
respirator is probably tight enough. This test, of 
course, can be used only on respirators with tight­
fitting facepieces. 

Although this test is simple, it has severe draw­
backs, primarily that the wearer must handle the 
respirator after it has supposedly been positioned on 
his face. This handling can modify the facepiece 
seal. It is strongly recommended that this test be 
used only as a very gross determination of fit when 
the respirator is to be used in relatively toxic at­
mospheres. The wearer should use this test (Fig. 8-1) 
just before entering any toxic atmosphere. 

Positive Pressure Test. This test is very like the 
negative pressure test, and it has the same advan­
tages and limitations. It is conducted by closing off 
the exhalation valve and exhaling gently into the 
facepiece. The fit is considered satisfactory if slight 
positive pressure can be built up inside the facepiece 
without any evidence of outward leakage: For some · 
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Figure 8-1. 
Negative pressure test. 
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respirators, this method requires that the wearer 
remove the exhalation valve cover and then carefully 
replace it after the test, often a most difficult task. 
Removing and replacing the exhalation valve cover 
often distrubs the respirator fit even more than does 
the negative pressure test. Therefore, this test 
should be used sparingly if it requires removing and 
replacing a valve cover. The test is easy for 
respirators whose valve cover has a single small port 
that can be closed by the palm or a finger . The 
wearer should perform this test (Fig. 8-2) just before 
entering any hazardous atmosphere. 

lsoamyl Acetate Vapor (Banana Oil) Test. Anyone 
who has ever built flying model airplanes has smell­
ed banana oil, widely used in the dope for coating 
their fabric coverings. This chemical, isoamyl 
acetate, has a pleasant, easily detectable odor, so it 
also is used widely in qualitatively checking 
respirator fit. 

This is the first test mentioned that gives the user 
the required opportunity to wear the respirator in a 
test atmosphere. Generally it consists of creating an 
atmosphere containing banana oil around the wearer 
of an atmosphere-supplying or air-purifying 
respirator with an organic vapor-removing car-

Figure 8-2. 
Positive pressure test. 
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tridge(s) or canister. If the hazard is particulate 
matter or a nonorganic vapor or gas, the organic 
vapor cartridge(s) or canister must be replaced with 
a particulate filter(s) or proper cartridge(s) or 
canister after this test. 

There are several versions of the banana oil test. 
The simplest is to saturate a piece of cotton or cloth 
with the liquid and pass it close to the respirator 
near the sealing surface, taking care to avoid the 
skin. A second method is to use a stencil brush (Fig. 
8-3) filled with isoamyl acetate in the same manner 
as the cotton or cloth. 

A more complex, and better, version of the test 
uses a room or small booth or a hood covering the 
respirator wearer's head and shoulders. In this 
enclosure is generated a known concentration of 
vapor, usually 100 ppm, created by vaporizing 17.3 
ml of isoamyl acetate liquid for each 1000 ft3 (or 
about 28 m3 ) of enclosure volume. Use of a fixed 
enclosure decreases the test's flexibility but provides 
a known vapor concentration that reduces the 
number of variables involved. Most people can smell 
1-10 ppm of .isoamyl acetate; the permissible ex­
posure limit is 100 ppm. 

In general, the isoamyl acetate fitting test should 
be performed as follows. 

Figure 8-3. 
Banana oil test. 



• The wearer puts on the respirator in a normal 
manner. If it is an air-purifying device, it must be 
equipped with a cartridge(s) or canister specifical­
ly designed for protection against organic vapors. 

• The wearer enters the test enclosure, or the 
saturated cloth or stencil brush is passed close to 
the respirator sealing surfaces. 

• If the wearer smells banana oil, he returns to clean 
air and readjusts the facepiece and/or adjusts the 
headstraps without unduly tightening them. 

• The wearer repeats the second step. If he does not 
smell banana oil, he is assumed to have obtained a 
satisfactory fit. If he smells the vapor, an attempt 
should be made to find the leakage point. If the 
leak cannot be located, another respirator of the 
same type and brand should be tried. If this leaks, 
another brand of respirator with a facepiece of the 
same type should be tried. 

• After a fit is obtained, if the respirator is an air­
purifying device it must be equipped with the cor­
rect filter(s), cartridge(s), or canister for the an­
ticipated hazard. 
During the test, the subject should make 

movements that approximate a normal working 
situation. These may include, but not necessarily be 
limited to, the following. 
• Normal breathing. 
• Deep breathing, as during heavy exertion. This 

should not be done long enough to cause hyperven­
tilation. 

• Side-to-side and up-and-down head movements. 
These movements should be exaggerated, but 
should approximate those that take place on the 
job. 

• Talking. This is most easily accomplished by 
reading a prepared text loudly enough to be un­
derstood by someone standing nearby. 

• Other exercises may be added depending upon the 
situation. For example, if the wearer is going to 
spend a significant part of his time bent over at 
some task, it may be desirable to include an exer­
_cise approximating t~is bending. 
If the test is used in training the worker and selec­

ting the respirator that fits him best, he should per­
form the complete set of exercises. However, the 
number of exercises may be reduced when the test is 
used as a quick field check before routine entry into 
a contaminated atmosphere. 

The major drawback of the isoamyl acetate test is 
that the odor threshold varies widely among in­
dividuals. Furthermore, the sense of smell is easily 
dulled and may deteriorate during the test so that 
the wearer can detect only high vapor concen­
trations. Another disadvantage is that isoamyl 
acetate smells pleasant, even in high concentrations. 
Therefore, a wearer may say that the respirator fits 
although it has a large leak. This is usually because 

he likes the comfort of the particular respirator or is 
following the lead of someone else and selecting the 
same respirator. Conversely, a wearer may claim 
that a particular respirator leaks if it is uncomfor­
table, etc. Therefore, unless the worker is highly 
motivated toward wearing respirators, the results of 
this test must sometimes be suspect. 

Irritant Smoke Test. This qualitative test is similar 
to the isoamyl test in concept. It usually involves ex­
posing the respirator wearer to an irritating aerosol 
produced by commercially available smoke tubes 
normally used to check the quality of ventilation 
systems. These are sealed glass tubes, approximate­
ly 12 cm long by 1 cm in diameter (Fig. 8-4), filled 
with pumice impregnated with stannic chloride or 
titanium tetrachloride. When the tube ends are 
broken and air is passed through it, the material in­
side reacts with the moisture in the air to produce a 
dense, highly irritating smoke, consisting of 
hydrochloric acid adsorbed on small solid particles. 

As a qualitative means of determining respirator 
fit, this test has a distinct advantage in that the 
wearer usually reacts involuntarily to leakage by 
coughing or sneezing. The likelihood of his giving a 
false indication of proper fit is reduced. On the other 

Figure 8-4. 
Irritant smoke test. 
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hand, the aerosol is very irritating and must be used 
carefully to avoid injury. Also, it is advisable to have 
exhaust ventilation behind the subject to protect the 
person doing the testing. 

This test can be used for both air-purifying and 
atmosphere-supplying respirators, but an air­
purifying respirator must have a high-efficiency 
filter(s). After the test,it may be necessary to replace 
the high-efficiency filter(s) on the air-purifying 
respirator with another type of air-purifying 
element(s), depending upon the hazard to which the 
respirator wearer is to be exposed. This test can be 
used for worker training or respirator selection. 

The irritant smoke test must be performed with 
proper safeguards because the aerosol is highly 
irritating. A suggested procedure is as follows. 
• The wearer puts on the respirator normally, taking 

earl' not to tighten the headstraps uncomfortably. 
H1 · stands with his hack t.o a source of exhaust ven­
tilation, such as a· chemical fume hood. 

• The tester tells the wearer to close his eyes, even if 
he is wearing a full facepiece respirator, and to 
keep them closed until told to open them. 

• The tester lightly puffs smoke over the respirator, 
holding the smoke tube at least 2 ft from it. At this 
time, he should keep the amount of smoke 
minimal and pause between puffs to note the 
wearer's reaction. 

• If the wearer detects no leakage, the tester may in­
crease the smoke density and move the smoke tube 
progressively closer to the subject, still remaining 
alert to his reactions. 

• When the smoke tube has been brought to within 
about 6 in. of the respirator with no leakage 
detected, the tester may start to direct smoke 
specifically at the potential sources of leakage, 
around the sealing surface and exhalation valve, 
while the subject holds his head still. 

• At this point, if no leakage has been detected, the 
wearer may cautiously begin the head movements 
mentioned in the isoamyl acetate test. The tester 
should remain especially alert and be prepared to 
stop producing smoke immediately. 

• If leakage is detected at any time, the tester should 
stop the smoke and let the wearer readjust the 
facepiece or headstrap tension. The tester should 
then start the test at the second step. 
In all fairness, this test is not so time-consuming 

as it sounds. Also, because of its greater sensitivity 
and lesser reliance on subjective response, it is con­
sidered more reliable than the isoamyl acetate vapor 
test. If the wearer keeps his eyes closed and the 
smoke is increased gradually, there is little danger or 
discomfort. 
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Other Qualitative Tests. Other qualitative fitting 
tests have been used, although not so extensively as 
those just described. Among these are tests in which 
a stream of talcum powder or coal dust is directed 
around the respirator sealing surface. The wearer 
then removes the respirator and any leakage is 
revealed by telltale streaks of the powder or dust. 
These tests have been used almost exclusively for in­
vestigative purposes rather than routine fitting. 

Another similar test, used very infrequently, in­
volves spraying fluorescein dye (uranine) around the 
sealing surface. The respirator is then removed,and 
the sources of leakage are detected with ultraviolet 
light . Obviously, this test is more for research than 
for routine fitting. 

In summary, qualitative fitting tests are quick, 
easily performed with a minimum of special equip­
ment, and generally adequate for checking respirator 
fit before entering a contaminated area. However, 
they have limitations that make them less useful 
than quantitative tests for initial selection of a brand 
of respirator that fits best. For that purpose, the 
following tests are preferred. 

Quantitative Fitting Tests. All quantitative 
respirator performance tests involve placing the 
wearer in an atmosphere containing an easily detec­
table, relatively nontoxic gas, vapor, or aerosol. The 
atmosphere inside the respirator is sampled con­
tinuously through a probe in the respiratory-inlet 
covering. The leakage is expressed as a percentage of 
the challenge atmosphere outside the respirator, 
called "per cent of penetration," or simply 
"penetration." 

The procedures are relatively independent of the 
type of aerosol or gas. Appendix D details standar­
dized test procedures and shows a typical strip chart 
recording of a quantitative fitting test and a 
suggested format for recording and evaluating the 
data. · 

Sodium Chloride (NaCl) Test. In the NaCl aerosol 
quantitative respirator fitting test, a liquid aerosol is 
generated continuously from an aqueous solution, 
(salt water) using a nebulizer, dried to produce dis­
crete submicron salt particles, and dispersed into a 
test chamber or hood. The resultant NaCl aerosol is 
called polydisperse because the particles vary in 
size. A means is provided for sampling the at­
mosphere in the chamber or hood and that inside the 
respirator. These samples are fed to the analyzing 
section where the aerosol's penetration inside the 
respirator is determined. The amount of penetration 
is displayed on a meter or recorder. Figure 8-5 shows 
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Figure 8-5. 
NaCl quantitative respirator-fitting test 
system. 

a NaCl quantitative respirator fitting test system. 
See Appendix E for details of the test system. 
Appendix D gives the procedures for conducting the 
NaCl quantitative test . 

Dioctyl Phthalate (DOP) Test. The dioctyl 
phthalate (DOP) quantitative fitting test, that uses 
an air-generated DOP aerosol, differs from the NaCl 
test only in that the aerosol particle is liquid (see 
Appendix D). The aerosol is generated using a 
nozzle-type atomizer, but, being an oil, DOP does 
not dry into solid particles when injected into a 
diluting air stream. Figure 8-6 shows a DOP test 
s_vst em. and Appendix D gives a more detailed 
desni pt ion . 

A second type of DOP system uses a thermally 
generated liquid aerosol. Liquid DOP is heated to 
boiling, and the vapor is passed to a cooling chamber 
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Figure 8-6. 
DOP quantitative respirator-fitting test 
system. 

where it condenses at a very closely controlled 
temperature, to produce a 0.3-µm monodisperse 
aerosol. That is, all the particles are 0.3 µm in 
diameter. This aerosol has been used widely for 
quality control of high-efficiency respirator filters 
and for basic research on aerosol filtration. It was 
also used for quantitative fitting tests but has fallen 
into disfavor because the boiling produces aerosol 
particles that have a disagreeable odor and an un­
known toxicity. 

Freon 12 Test. Freon 12, normally a refrigerant gas, 
has been used in quantitative respirator fitting tests. 
It is not so useful as NaCl or DOP because slow 
response time of the analyzing instrumentation 
prevents following the fluctuations in concentration 
of the gas that penetrates the respirator. 
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CHAPTER NINE 

RESPIRATOR INSPECTION, CLEANING, MAINTENANCE, AND STORAGE 

ELEMENTS OF AN ADEQUATE 
RESPIRATOR INSPECTION, CLEANING, 
MAINTENANCE, AND STORAGE PROGRAM 

Scrupulous respirator maintenance must be made 
an integral part of the overall respirator program. 
Wearing poorly maintained or malfunctioning 
respirators is, in one sense, more dangerous than not 
wearing a respirator at all. The worker wearing a 
defective device thinks he is protected when, in 
reality, he is not. Emergency escape and rescue 
devices are particularly vulnerable to poor 
maintenance as they generally are used infrequently, 
and then in the most hazardous and demanding cir­
cumstances. The possible consequences of wearing a 
defective emergency escape and rescue device are 
lethal. 

The OSHA standards strongly emphasize the im­
portance of an adequate maintenance program, but 
permit its tailoring to the type of plant, working con­
ditions, and hazards involved. However, all 
programs are required to include at least: 

Inspection for defects (including a leak check), 
Cleaning and disinfecting, 
Repair, 
Storage. 

A proper maintenance progra_m ensures that the 
worker's respirator remains as effective as when it 
was new. 

INSPECTION FOR DEFECTS 

Probably the most important part of a respirator 
maintenance program is continual inspection of the 
devices. If conscientiously performed, inspections 
will identify damaged or malfunctioning respirators 
before they can be used. The OSHA requirements 
outline two primary types of inspection, that while 
the respirator is in use and that while it is being 
cleaned. In a small operation where the worker 
probably maintains his own respirator, the two types 
of inspection become essentially one and the same. 
In a large organization with a central respirator 
maintenance facility, the inspections differ. 

Frequency of Inspection 

OSHA requires that "all respirators be inspected 
before and after each use," and that those not used 
routinely, i.e . emergency escape and rescue devices, 
"shall be inspected after each use and at least 
monthly ... " In one case, the respirator is to be in­
spected both before and after each use, in the other 
case, only after use. However, it is highly unlikely 
that anyone needing a respirator in a hurry, as dur­
ing an emergency, is going to inspect it. In fact, it 
could be dangerous to take time to do so. 

Inspection Procedures 

Here we will divide inspection procedures into 
those for "field" inspection and those for use during 
routine cleaning, as well as into those for air­
purifying and atmosphere-supplying devices. 

The OSHA standards state only that respirator in­
spection shall include: 

A check of the tightness of the connections 
A check of the 

facepiece, 
valves, 
connecting tube, 
canisters. 

The standards also state that the regulator and war­
ning devices on SCBAs shall be checked for proper 
functioning. 

FIELD INSPECTION 

Air-Purifying Respirators 

Routinely used air-purifying respirators should be 
checked as follows before and after each use. 
(a) Examine the facepiece for: 

Excessive dirt, 
Cracks, tears, holes, or distortion from im­
proper storage, 
Inflexibility (stretch and massage to restore 
flexibility), 
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Cracked or badly scratched lenses in full 
facepieces, 
Incorrectly mounted full facepiece lens or 
broken or missing mounting clips, 
Cracked or broken air-purifying el.ement 
holder(s), badly worn threads, or missing gas­
ket(s) (if required). 

(b) Examine the headstraps or head harness for: 
Breaks, 
Loss of elasticity, 
Broken or malfunctioning buckles and at­
tachments, 
(Full facepieces only) Excessively worn 
serrations on the head harness which might 
permit slippage. 

(c) Examine the exhalation valve for the following 
after removing its cover: 

Foreign material, such as detergent residue, 
dust particles, or human hair under the valve 
seat, 
Cracks, tears, or distortion in the valve 
material, 
Improper insertion of the valve body in the 
facepiece, 
Cracks, breaks, or chips in the valve body, 
particularly in the sealing surface, 
Missing or defective valve cover, 
Improper installation of the valve in the valve 
body. 

(d) Examine the air-purifying elements for: 
Incorrect cartridge, canister, or filter for the 
hazard, 
Incorrect installation, loose connections, miss­
ing or worn gaskets, or cross-threading in 
holder, 
Expired shelf-life date on cartridge or 
canister, 
Cracks or dents in outside case of filter, car­
tridge, or canister, 
Evidence of prior use of sorbent cartridge or 
canister, indicated by absence of sealing 
material, tape, foil, etc., over inlet. 

(e) If the device has a corrugated breathing tube, ex-
amine it for: 

Broken or missing end connectors, 
Missing or loose hose clamps, 
Deterioration, determined by stretching. the 
tube and looking for cracks. 

(f) Examine the harness of a front- or back-mounted 
gas mask for: 

Damage or wear to the canister holder which may 
prevent its being held securely in place, 
Broken harness straps or fastenings. 
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Atmosphere-Supplying Respirators 

For a routinely used atmosphere-supplying device, 
use the following procedures. 
(a) If the device has a tight-fitting facepiece, use the 

procedures outlined above for air-purifying 
respirators, except those pertaining to the air­
purifying elements. 

(b) If the device is a hood, helmet, blouse, or full 
suit, use the following procedures. 

Examine the hood, blouse, or full suit for rips 
and tears, seam integrity, etc., 
Examine the protective headgear, if required, 
for general condition, with emphasis on the 
suspension inside the headgear, 
Examine the protective faceshield, if any, for 
cracks or breaks or impaired vision due to 
rebounding abrasive particles, 
Make sure that the protective screen is intact 
and secured correctly over the faceshield of 
abrasive blasting hoods and blouses. 

(c) Examine the air supply system for: 
Integrity and good condition of air supply lines 
and hoses, including attachments and end fit­
tings, 
Correct operation and condition of aH · 
regulators, valves, or other air-flow regulators. 

On SCBAs, determine that the high-pressure 
cylinder of compressed air or oxygen is sufficiently ~ 
charged for the intended use, preferably fully charg­
ed (mandatory on an emergency device). On closed­
circuit SCBAs, make sure that a fresh canister of 
CO sorbent is installed before use, or that the total 
use time on the canister is known. On open-circuit 
SCBAs, recharge the cylinder if less than 25% of the 
useful service time remains. All these SCBAs are 
required to have a warning device that indicates 
when this point is reached. However, it is much 
preferred that an open-circuit SCBA be fully charg­
ed before use. 

When an air-purifying or atmosphere-supplying 
device is used nonroutinely, all the above procedures 
should be followed after each use. OSHA requires 
that devices for emergency use be inspected once a 
month and that "a record shall be kept of inspection 
dates and findings for respirators maintained for 
emergency use." 

If defects are found during any field inspection, 
two remedies are possible. If the defect is minor, 
repair and/or adjustment may be made on the spot. 
If it is major, the device should be removed from ser­
vice until it can be repaired. Under no circumstances 
should a device that is known to be defective be us­
ed. 



Inspection During Cleaning 

Because respirator cleaning usually involves some 
disassembly, it presents a good opportunity to ex­
amine each respirator thoroughly. The procedures 
outlined above for a field inspection should be used, 
but a precleaning check would not normally include 
an operational check, which obviously should be 
done just before the device is returned to service . 
Therefore, it is suggested that the inspection be 
made after the respirator is cleaned. 

During this inspection, the respirator should be 
leak checked, as OSHA requires. The exact meaning 
of "leak check" has been much discussed, but noun­
iversal definition has emerged. Generally, a "leak 
check" is an examination of the freshly cleaned and 
reassembled respirator to determine that the com­
plete assembly is gastight. 

Several methods could be devised for meeting this 
requirement. One is worthy of mention as it is being 
used in several extensive respirator programs. It in­
volves use of a machined metal head form with an 
inflated sealing surface over which a full facepiece 
may be ·placed. The respirator facepiece is placed 
over the headform, the straps are fastened down, 
and the inflatable seal built into the headform is 
pressurized to provide a gastight seal between the 
headform and the facepiece. A continuous air sam­
ple is withdrawn from inside the facepiece through 
the headform and passed through an aerosol detector 
like that described in Chap. Eight. An aerosol 
stream is directed through a small-diameter tube 
around the potential leak points in the facepiece . 
Any leaks are shown by the penetration meter or 
recorder of the aerosol analyzing system, if it is set 
on the most sensitive scale. 

This procedure will detect leak sources and in­
dicate the magnitude of the leak. However, it must 
be considered a qualitative, rather than quan­
titative, test. Some installations have built a small 
test chamber around the headform. Instead of the 
aerosol being passed around the facepiece, the 
chamber contains an aerosol-laden atmosphere that 
permits actual quantitative determination of 
leakage in a manner similar to a quant.itat.ive fitting 
test. 

This test requires use of the expensive aerosol 
system which is practical only for large 
organizations. The small respirator user is in a dif­
ficult position as he cannot afford this sophisticated 
equipment but is bound by the same requirements 
as the large user. The best advice for the small user, 
which is of little help, is to use his ingenuity and 
devise a method that will satisfy the hasic purpose of 
the leak check, assurance that the reassembled 
respirator is leak-free. 

CLEANING AND DISINFECTING 

The OSHA requirements are not specific about 
cleaning and disinfecting procedures, stating that 
"routinely used respirators shall be collected, clean­
ed, and disinfected as frequently as necessary to in­
sure that proper protection is provided ... " and that 
emergency use respirators "shall be cleaned and dis­
infected after each use ." 

In a large respirator program in which respirators 
are used routinely, they should be exchanged daily 
for cleaning and inspection. In a small program in­
volving only occasional respirator use, this period 
could be weekly or monthly. If each worker is to 
maintain his own respirator, he should be thoroughly 
briefed on its cleaning and disinfecting. Although a 
worker may not be required to maintain his own 
respirator, briefings on the cleaning procedure will 
encourage his acceptance of the respirator by 
providing assurance that he always receives a clean, 
disinfected, properly maintained device. This is par­
ticularly important where respirators are not in­
dividually assigned. Where respirators are in­
dividually assigned, a practice to be encouraged, 
they should be durably identified to ensure that the 
worker always receives the same device. Identifica­
tion markers must not penetrate the facepiece or 
block filter or cartridge ports or exhalation valves. 

In a small respirator program, or where each 
worker cleans his own respirator, washing with 
detergent in warm water using a brush, thorough rin­
sing in clean water, and air drying in a clean place is 
generally accepted as sound procedure. Precautions 
should be taken to prevent damage from rough 
handling during this procedure. 

In a large program, there may be a centralized 
cleaning and maintenance facility with specialized 
equipment and personnel trained in respirator 
maintenance. Figure 9-1 shows a typical, 
hypothetical, large respirator maintenance facility. 
Good features are the separate areas for disassembly 
of used respirators and assembly of freshly cleaned 
and maintained devices which ensure that the clean 
respirators do not become contaminated. Also, there 
is ample storage space for the clean respirators, and 
spare part1, (filters, exhalation valves, headbands, 
etc.) are readily available. There is also a test bench 
for checking the operation of SCBA regulators as 
well as a leak test system. A facility of this type 
would take up about 500 ft 2 . 

In the following discussion of cleaning and 
maintenance procedures, reference to Fig. 9-1 should 
help in understanding the overall process. The 
following procedure may be used : 
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Disassembly 

The used respirators are collected and deposited 
in 'a central location, (A) of Fig. 9-1. They are taken 
to an area (C) where the filters, cartridges, or 
canisters are removed and discarded. Canisters 
should be damaged to prevent accidental reuse. If 
the facepieces are equipped with reusable dust 
filters, they may be cleaned with compressed air in a 
hood (B) that prevents dust from getting into the 
room and affecting the maintenance personnel. The 
air tanks from SCBAs are removed and connected to 
the charging station (J), and the rest of the unit is 
sent to the SCBA test bench (I) where the regulator 
is tested. SCBA facepieces are cleaned like air­
purifying respirator facepieces. 
CAUTION: Improper disposal of an oxygen­
generating canister from a closed-circuit SCBA is 
dangerous. Mine Safety Appliances Company 
suggests the following procedure for disposing of 
their "Chemox" oxygen-generating canister. 

Punch a hole ·in the front, back, and bottom of the 
canister, and gently_ place it in a bucket of clean 
water deep enough to cover it by at least 3 in. When 
bubbling stops, any residual oxygen has been dis­
sipated and the canister is expended. Pour the 
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water, which is caustic, down a drain or dispose of it 
in any other suitable manner. 

This procedure is safe. Not following this 
procedure, particularly neglecting to punch holes in 
the canister, can cause a violent explosion. 

Cleaning and Sanitizing 

The actual cleaning may be done in a variety of 
ways. In Fig. 9-1, it is assumed that a commercial 
dishwasher (D) is used. Figure 9-2 shows a unit of 
this type. A standard domestic-type clothes washer 
also may he used if a rack is installed around the 
agitator to hold the facepieces in fixed positions. If 
the facepieces are placed loose in a washer, the 
agitator may damage them. A standard domestic 
dishwasher also may be used , but it is not prel'Prred 
because it will not immerse the facepieces . 

Any good detergent may be used, but cleaner and 
sanitizer solutions that clean effectively and contain 
a bactericide are available. The bactericide is 
generally a quaternary ammonium compound, 

Figure 9-2. 
Commercial dishwasher used for respirator 
cleaning. 



which has some disadvantages, because its concen­
tration must be adjusted to the composition of the 
local water to provide a constant degree of disinfec­
tion. Also, there is a possibiliity of dermatitis if the 
quaternary ammonium salts are not completely rins­
ed from the respirator. 

An alternative is to wash the respirators in 
detergent, followed by a disinfecting rinse. Disinfec­
tion is not absolutely necessary if the respirator . is 
reused by the same worker. However, where in­
dividual issue is not practiced, disinifection is 
strongly recommended. Reliable, effective disinfec­
tants may be made from readily available household 
solutions, including: 
• Hypochlorite solution (50 ppm of chlorine) made 

by adding approximately 2 ml of Clorox to 1 liter of 
water or, in kitchen language, 'i tablespoons per 
gallon. A 2-min immersion disinfects the 
respirators. 

• Aqueous solution of iodine (50 ppm of iodine) 
made by adding approximately 0.8 ml tincture of 
iodine per liter of water. The iodine is ap­
proximately 7% ammonium and potassium iodide, 
45% alcohol, and 48% water. An equivalent expres­
sion is approximately 1 teaspoon · of tincture of 
iodine per gallon of water. Again, a 2-min immer­
sion is sufficient. 
If the respirators are washed by hand, a separate 

disinfecting rinse may be provided. If a washing 
machine is used, the disinfectant must be added to 
the rinse cycle, and the amount of water in the 
machine at that time will have to be measured to 
determine the correct amount of disinfectant. 

To avoid damaging the rubber and plastic in the 
respirator facepieces, the cleaner and disinfectant 
temperatures should not exceed 140°F, but they 
should not be less than 120°F to ensure adequate 
cleaning. 

Rinsing 

The cleaned and disinfected respirators should be 
rinsed thoroughly in clean water (140°F. maximum) 
to remove all traces of detergent, cleaner and 
sanitizer, and disinfectant. This is very important to 
prevent dermatitis . 

Drying 

The respirators may be allowed to dry by 
themselves on a clean surface. They also may be 
hung from a horizontal wire, like drying clothes, but 
care must be taken not to damage the facepieces. A 
better method is to equip a standard steel storage 
cabinet, Fig. 9-1 (E), with an electric heater that has 

a built-in circulating fan, and to replace the solid 
shelves with steel mesh. Appendix C gives instruc­
tions for these modifications. 

Reassembly and Inspection 

The clean dry respirator facepieces should be 
reassembled and inspected in an area, Fig. 9-1 (F), 
separate from the disassembly area to avoid con­
tamination. The inspection procedures have been 
discussed, but there may be more things to look for 
because of the cleaning. The most common is 
detergent or soap residue left by inadequate rinsing. 
This appears most often under the seat of the ex­
halation valve, and can cause valve leakage or stick­
ing. 

At this time, the respirators should be thoroughly 
inspected and all defects corrected. New or retested 
filters, or new cartridges and canisters should be in­
stalled, and the completely reassembled respirator 
should be tested for leaks, Fig. 9-1 (M) . 

The facepiece of a SCBA can now be combined 
with the tested regulator from (I) and a fully charged 
cylinder from the storage rack (K), and an 
operational check can be performed. 

MAINTENANCE AND REPAIR 

The OSHA standards state that "replacement or 
repairs shall be done by experienced persons with 
parts designed for the respirator." Besides being 
contrary to OSHA requirements, substitution of 
parts from a different brand or type of respirator in­
validates approval of the device. Therefore, the user 
would be wearing an unapproved device, in violation 
of the OSHA requirement. 

Maintenance personnel must be thoroughly train­
ed. They must be aware of their limitations. and 
never try to replace components or make repairs and 
adjustments beyond manufacturer's recommen­
dations, unless they have been especially trained by 
the manufacturer. 

These restrictions apply primarily to maintenance 
of the more complicated devices, especially closed­
and open-circuit SCBAs, and even more specifically 
their reducing or admission valves (regulators) 
which " ... shall be returned to the manufacturer or to 
a trained technician for adjustment or repair." The 
words "trained technician" permit on-site repair if 
the maintenance personnel are trained. There 
should be no problems in repairing and maintaining 
most other respirators, particularly the most com­
monly used air-purifying types. 
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An important aspect of any maintenance program 
is having enough spare parts on hand. Only con­
tinual surveillance of replacement rate will deter­
mine what parts in what quantities must be kept in 
stock. It is desirable to have some sort of record­
keeping system to indicate spare parts usage and the 
inventory on hand. 

STORAGE 

All the care that has gone into cleaning and 
maintenance of a respirator can be negated by im­
proper storage. OSHA requires that respirators be 
stored to protect against: 

Dust, 
Sunlight, 
Heat, 
Extreme cold, 
Excessive moisture, 
Damaging chemicals. 
What is omitted, though implied in a later state­

ment, is protection against mechanical damage. 
Leaving a respirator unprotected, as on a 
workbench, or in a tool cabinet or tool box among 
heavy wrenches etc., may damage it. 

It is strongly recommended that freshly cleaned 
respirators be placed in heat-sealed or reusable 
plastic bags until reissue. They should be stored in a 
clean , dry location away from direct sun! ight. They 
should be stored in a single layer with the facepiece 
and exhalation valve in a more or less normal posi­
tion to prevent the rubber or plastic from taking a 
permanent distorted "set." 

Air-purifying respirators kept ready for nonroutine 
or emergency use should be stored in a cabinet in in­
dividual compartments. A steel wall-mounted 
cabinet, with six compartments is shown in Fig. 9-3. 
Note that each compartment is clearly labeled with 
the user's name and that the respirators are in 
plastic bags. Note also that the respirator in the 
lower right compartment is stored improperly. 
Another acceptable method of storage in a standard 
steel storage cabinet is shown in Fig. 9-4. Note that 
the respirators are stored in a single layer. 

The storage cabinet should be readily accessible, 
and all workers should be made aware of its location, 
as is done for fire extinguishers. Avoidance of serious 
injury from inhalation of a toxic substance may de­
pend entirely on how quickly workers can get to the 
emergency respirators. This type of storage should 
be encouraged for routinely used respirators if it does 
not interfere with the normal work routine. A little 
inconvenience here is justified to prevent use of a 
respirator damaged by improper storage. 
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Figure 9-3. 
Air-purifying respirator storage. 

A chest, Fig. 9-5, or wall-mounted case, Fig. 9-6, 
may be purchased from the respirator manufacturer 
for storing a SCBA for use in emergencies. Again, the 
locations of SCBAs should be well known and clearly 
marked. Unlike fire extinguishers, however, they 
should be located in an area that will predictably re­
main uncontaminated. Even highly trained workers 
take 30 seconds to 1 min to put on these devices. In" a 
highly contaminated atmosphere such as might be 
created by massive release of a toxic material, this 
may be too long a time to stay safely in the area. 
Therefore, the first reaction should be to escape to 
an uncontaminated area, then put on the SCBA 
which should be located there and re-enter the 
hazardous area for whatever task must be done. 
There are undoubtedly exceptions to this general 
rule, and only thorough evaluation of the potential 
hazard, taking into account the physical configura­
tion of the work area, will permit a final decision 
about the correct storage location for a SCBA. 

Routinely used respirators may be stored in a 
variety of ways if they are protected against the sub­
stances and conditions listed at the beginning of this 
section. This means that when a respirator is not in 



Figure 9-4. 
Standard storage cabinet used for respirator 
storage. 

use, it should be stored in a plastic bag inside a rigid 
container. The OSHA requirements suggest that 
respirators be stored in the cartons in which they 
came, but these usually would provide only minimal 
protection from mechanical damage. 

If the worker is trained adequately, he should 
develop a respect for his respirator which will 
automatically give him incentive to protect it from 
damage. Besides providing better assurance of ade­
quate protection, this training will lower 
maintenance costs because of decreased damage. 

Figure 9-5. 
Storage chest for a SCBA. 

Figure 9-6. 
Wall-mounted storage cabinet for a SCBA. 
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CHAPTER TEN 

PHYSIOLOGICAL AND PSYCHOLOGICAL LIMITATIONS 
ON RESPIRATOR USE 

PHYSIOLOGICAL LIMITATIONS 

Wearing any type of respirator imposes some 
physiological stress on the wearer. Air-purifying 
respirators resist inhalation because the filter or car­
tridge restricts free air flow, and also resist exhala­
tion because the expired air must force open a valve. 
The special exhalation valve on an open-circuit 
pressure-demand SCBA, designed to ensure that the 
air pressure inside the facepiece is always positive, 
requires the wearer to exhale against significant 
resistance. The bulk and weight (up to 35 lb) of some 
SCBAs are a significant burden. Wearers of airline 
respirators and hose masks must drag around up to 
300 ft of air supply hose. 

Any or all of these factors significantly increase 
the work load. If the worker's cardiovascular or 
pulmonary function is significantly impaired, wear­
ing a respirator could constitute an unacceptable 
risk. The OSHA standards suggest that the local 
physician determine whether a worker can wear a 
respirator and perform useful work safely. As there is 
so little information on the physiological effects, it 
may be difficult for the local physician to determine 
whether or not a worker should wear a specific type 
of respirator. 

How is the person responsible for overseeing the 
physical well-being of those who must wear 
respirators supposed to make decisions? The only 
practical approach is to treat each case individually, 
using the best medical advice available, and to con­
sider the physical burdens imposed by the various 
types of respirators. 

Pulmonary 

The individual should be examined for evidence of 
respiratory impairment such as emphysema, chronic 
pulmonary obstructive disease, or bronchial asthma. 
Historical and x-ray evidence of significant 
pulmonary disease, if substantiated by reduced vital 
capacity or reduced· forced expiratory volume may 
justify forbidding a person to wear a respirator that 
restricts inhalation and exhalation, and limiting him 
to powered air-purifying or continuous flow airline 

respirators. Breathing difficulties should not 
necessarily prohibit a worker from wearing air­
purifying respirators, if he is reasonably comfor­
table, because such prohibition might deprive him of 
his livelihood. 

Workers in occupations, such as installing 
asbestos insulation, coal mining, and sand blasting, 
which cause high incidence of pulmonary diseases, 
should be given particular attention. In any case, if 
difficulties are experienced, the local physician shall 
make the final determination. 

Cardiovascular 

Cardiovascular impairment must be treated with 
much more concern than pulmonary impairment 
because of its potentially catastrophic consequences. 
Workers who have indications of coronary artery dis­
ease or angina pertoris, probably should not wea r 
nonpowered air-purifying respirators or the heavy 
(35 -lb) SCBAs. The same restrictions are 
recommended for those who have myocardial infarc­
tion or progressive or severe hypertension. 

Those whose duty is to respond to emergencies 
should not wear any type of respirator if they have 
any cariovascular deficiency. Or, if emergency 
response duty absolutely requires use of respirators, 
those wearing them should be completely free of 
cariovascular impairment. Such people include 
firemen and mine rescue team members, who might 
have to rescue an unconscious 200-lb man from an 
extremely hazardous environment while wearing 35 
lb of self-contained breathing apparatus. 

Other Physiological Considerations 

Other physical conditions such as diabetes, or 
grand mal epilepsy may limit wearing of respirators. 
Skin sensitivity to certain organic compounds may 
prevent some workers from entering certain en­
vironments at all, let alone wearing respirators in 
them. A perforated eardrum, allowing air passage 
through the eustachian tube into the respiratory 
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tract, may keep a person from working in a toxic en­
vironment unless he wears a respirator with a full 
head enclosure, such as a supplied-air hood, helmet, 
or suit. 

Deep facial scars or blemishes, hollow temples, or 
an abnormally receding chin may spoil the seal of 
certain types of respirator facepieces. Also, full or 
partial dentures may prohibit wearing of certain 
types of facepieces or mouthpieces. 

In summary, physiological conditions that may 
determine whether an individual should wear a 
respirator or not are varied. Pending more research 
on this problem, specific guidelines cannot be 
stated, and one must rely on the best judgment of 
the local physician. 
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PSYCHOLOGICAL LIMITATIONS 

Psychological conditions that may prevent a 
worker from wearing a respirator are, if anything, 
less clearly defined than physical limitations. 
However, those who experience claustrophobia or 
anxiety when confined in a small space should not be 
given jobs that require respirators. In this category 
are firefighting, which frequently requires entering 
smoke-filled rooms with poor visibility, and mine 
rescue, which necessitates crawling through small 
passages containing highly toxic gases. 

A more subtle psychological consideration is com­
fort. Obviously, if a respirator with an ill-fitting or 
irritating facepiece causes continual discomfort, it is 
bound to have an adverse psychological effect. 



CHAPTER ELEVEN 

PROGRAM ADMINISTRATION 

Unfortunately, respirators generally are misused 
or taken too much on faith, primarily because oflack 
of knowledge. Such misuse can be avoided by es­
tablishing written procedures for respirator selection 
and use and through proper supervision of all 
aspects of the respirator program. This chapter 
presents detailed methods for ensuring that a 
respirator program remains effective. 

WRITTEN STANDARD OPERATING 
PROCEDURES 

The importance of written standard operating 
procedures is emphasized in OSHA Part 1910.134 
which gives the first requirement for a "minimal 
.acceptable (respirator) program" as establishment 
of "written standard operating procedures governing 
the selection and use of respirators." Part 1910.134 
does not provide any guidance on preparation of 
these procedures and does not differentiate between 
large and small users. However the general content 
of written procedures can be established, and from 
that information, any user, large or small, can for­
mulate procedures for his own circumstances. 

General Content 

The written standard operating procedures should 
contain all information needed to maintain an effec­
tive respirator program to meet the user's individual 
requirements. They should be written so as to be 
useful to those directly involved in the respirator 
program, the program administrator, those fitting 
the respirators and training the workers, respirator 
maintenance workers, and the supervisors responsi­
ble for overseeing respirator use on the job. It is not 
necessary that the operating procedures be written 
for the wearer himself, although in a very small 
program it may be desirable to direct their content 
to the wearer. Only analysis of the individual 
program will show to what extent information for the 
wearer should be included. 

The procedures should contain all information 
needed to ensure proper respiratory protection of a 
specific group of workers against a specific hazard or 

several particular hazards. The hazard(s) must have 
been assessed thoroughly; otherwise the written 
procedures will have only limited validity. General­
ly, the procedures should contain the following. 
• Guidance for selection of the approved 

respirator(s) for protection against particular 
hazard(s). 

• Detailed instructions for training workers in 
proper use of the respirator(s), including respirator 
fitting. 

• Detailed maintenance procedures for: 
Cleaning and disinfecting, 
Drying, 
Inspection, 
Repair or replacement of worn or defective com­
ponents, 
Storage. 

• Administrative procedures for: 
Purchase of approved or accepted respirator(s), 
Control of inventory of spare parts, new 
respirators, and respirators ready for reissue 
after maintenance, 
Issuance of respirators to ensure use of the 
proper one for a given hazard, 
Guidance of supervisory personnel in continued 
surveillance of respirator use and determination 
of workers' exposure to respiratory hazards. 

• Instructions for respirator use during emergencies, 
including fire, which can create an atmosphere im­
mediately hazardous to life and health. 

• Guidelines for medical surveillance of workers, in­
cluding pre-employment physical examinations to 
eliminate those physically or psychologically unfit 
to wear respirators, and periodic physical ex­
aminations to review the overall effectiveness of 
the respirator program on the basis of 
physiological factors . 

• Procedures for evaluating the respirator program's 
effectiveness. 
Obviously, the above essentially restates the 

OSHA requirements for a minimal acceptable 
respirator program. The point is that all the infor­
mation needed to establish and maintain an ade­
quate respirator program must be written down. 

The exact format of written standard operating 
procedures may vary widely. The large user who has 
many workers wearing respirators and, perhaps, 
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several respiratory hazards to consider may for­
mulate separate procedures for selection and use of 
respirators for each hazard. For a small user, who 
has only a few workers to protect from only one or 
very few hazards, a inuch simplified document may 
serve; but it must cover the same subjects. In 
general, the complexity of the procedures increases 
as respirator use increases. The procedures also 
become more extensive as the toxicity of the 
respiratory hazard(s) increases, demanding better 
and more reliable protection. It is better to be overly 
detailed in developing written operating procedures 
than not detailed enough. 

Particularly important are procedures for 
respirator use during emergencies such as fire, large 
spillage of toxic material, accidental release of a 
potentially lethal substance, or failure of a ventila­
tion system. All possible emergencies must be con­
sidered in advance and prepared for in the written 
procedures because in the stress of an emergency 
memories may be faulty. Furthermore, these 
emergency procedures should be used in training 
emergency response teams. 

Instruction and Training Fitting 

THE PROGRAM ADMINISTRATOR 

Without a definite chain of supervision, there is no 
assurance that written standard operating 
procedures will be followed . Therefore, responsibili­
ty for the entire respirator program should be assign­
ed to one person. 

The large user may find it practical and 
economical to have a staff of personnel involved in 
the respirator program, each with his own area of 
responsibility as shown in Fig. 11-1. Each of these 
people should report to the one administrator who 
has overall responsibility for the program. The ad­
ministrator's technical and professional background 
should enable him or her to make sound judgments 
based on hazard evaluation input from the 
workplace. She or he may be a safety engineer, in­
dustrial hygienist, health physicist, or physician. He 
or she should have the full support of higher level 
management; without it, an effective respirator 
program is difficult to initiate and maintain . 

It may seem strange that respirator purchasing 
should be controlled by the program administrator. 

Large User 

·---------

& I 

Oeening and Maintenance u.e Surveillance 

Figure 11-1. 
Respirator program administration. 
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There are good reasons related to respirator fitting 
and selection. Several respirator manufacturers 
produce a wide variety of devices for protection 
against specific hazards. Unfortunately, the 
facepiece of each device generally is made in only 
one size that may fit only 50-75% of a group of 
workers. However, if more than one brand of 
respirator is purchased, thus providing a variety of 
facepiece sizes, it is possible to fit over 95% of a 
working population. Sometimes more than one type 
of respirator may be adequate against a particular 
hazard. The program administrator should select 
what he considers to be the best types of devices and 
ensure that they are purchased. As the price spread 

. among the various brands of respirators for a par­
-· ticular type of hazard is not great, it is foolish to 
select a respirator on the basis of price alone. The 
program administrator, with his comprehensive 
knowledge, should have a strong influence on, if not 
absolute control over, respirator purchases. 

What about the small user who cannot afford (and 
may not need) to involve several people specifically 
in a respirator program? Does he not have to meet 
the same requirements that the program ad­
ministrator does for the large user? Because the 
OSHA regulations do not differentiate between large 
and small users, the answer is yes! In a small firm, 
where only a few workers must wear respirators for 
protection against one or very few different hazards, 
the program administrator may be a foreman or 
other supervisor. Where only one or two workers 
wear respirators, the entire program may be the 
responsibility of the company owner. In an extreme­
ly small operation, the entire program may be the 
responsibility of the worker himself, if he is the only 
person who must wear a respirator. 

In summary, the program administrator can be a 
highly trained professional who oversees several 
employees responsible for specific phases of the 
respirator program, or a single employee responsible 
for his own respirator. Like the written operating 
procedures, the exact administration of the 
respirator program must be tailored to the in­
dividual situation. 

THE DUTIES OF THE PROGRAM 
ADMINISTRATOR 

The program administrator is generally a super­
visor and coordinator. He receives workplace hazard 
evaluations, medical information, reports on worker 
acceptance of particular devices, etc., which he uses 
for guidance. 

The administrator should keep the respirator 
program as flexible as possible. Although the written 
operating procedures meet today's situation, they 
may not meet tomorrow's. New hazards are con­
tinually being identified, and allowable exposure 
limits often are revised as more knowledge becomes 
available. The program administrator must stay 
abreast of these changes by subscribing to pertinent 
publications, and must not hesitate to motj.ify his 
program to meet changing conditions. 

Thus, the administrator, of a large or small 
program, must establish a respirator program that 
meets current needs, ensure that it is carried out 
satisfactorily, and ensure that it remains effective by 
continual examination and modification to meet 
changing conditions. 
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CHAPTER TWELVE 

SURVEILLANCE AND PROGRAM EVALUATION 

SURVEILLANCE 

Surveillance of Work Area Conditions and 
Worker Exposure 

OSHA 1910.134 and Sec. 3.5 .8 of ANSI Z88.2 state 
that surveillance of conditions in the work area and 
of worker exposure to respiratory hazards shall be 
maintained. This necessitates periodic monitoring of 
the air contaminant concentration to which the 
respirator wearer is exposed. Many things such as 
changes in the operation or process, air movement, 
temperature, or humidity, affect the concentration 
of a substance in the work area atmosphere. 
Therefore, the air contaminant should be sampled. 
Preferably, sampling should be in the respirator 
wearer's breathing zone. Both the time-weighted 
average and peak concentrations of the contaminant 
should be determined. Comparing the measured 
time-weighted average concentration with the max­
imum use concentration determined for the type of 
respirator being used is a means of checking that the 
proper respirator has been selected. 

Medical Surveillance 

OSHA 1910.134 and Sec. 3.7 of ANSI Z88.2 state 
that no one should be assigned to tasks requiring use 
of respirators unless he has heen found physically 
able to do the work while wearing the respirator. 
Both standards declare that a physician shall deter­
mine what health and physical conditions are perti­
nent, and· that respirator wearers' medical status 
should be reviewed periodically. 

Pre-employment medical examinations should 
screen out those who are physically or psychological­
ly unfit to wear respirators. As another part of this 
examination, medical tests pertinent to the 
respiratory hazards that workers may encounter 
should be made to get baseline data against which to 
assess physiological changes in respirator wearers. 

Periodic routine medical examinations shall be 
made to determ111e whether respirator wearers have 
been exposed to harmful levels of respiratory 
hazards. Examination frequency should be tailored 

to particular situations. Tests to determine whether 
harmful amounts of hazardous substances have been 
taken into the body should be used. The results of 
the periodic examinations should be compared with 
those of the pre-employment examinations and 
previous periodic examinations to determine 
whether the respirators used are adequate. If possi­
ble, periodic biochemical tests of body tissues and 
wastes should be made to measure respirator 
wearers' exposures to respiratory hazards. 

EVALUATION OF RESPIRATOR PROGRAM 
EFFECTIVENESS 

OSHA 1910.134 and Sec. 3.5.9 of ANSI Z88.2 state 
that respirator program effectiveness shall be in­
spected and evaluated regularly. Periodic monitor­
ing is necessary to ensure that workers are adequate­
ly protected. The program should be evaluated at 
least annually, and the written operating procedures 
should be modified to reflect the evaluation results if 
necessary . 

Frequent inspection of respirator use will deter­
mine whether the correct respirators are being used 
and worn properly. Examination of respirators in use 
and in storage will indicate how well they are main­
tained. Wearers should be consulted periodically 
about their acceptance of respirators, including the 
discomfort, resistance to breathing, fatigue, in­
terference with vision and communication, restric­
tion of movement, and interference with job perfor­
mance, and their confidence in the respirator's effec­
tiveness . 

The results of periodic inspections of respirator 
use, consultations with wearers, measurements of 
hazard levels in work areas, and medical sur­
veillance of wearers should be reviewed, studied, and 
analyzed to determine the effectiveness of the 
rcspirntor program. Eviden ce of' excessive exposure 
to hazards should be followed up to determine why 
inadequate protection was provided, and action 
should be taken to remedy the problem. The results 
of the program evaluation should be presented in a 
written report that should list plans to correct faults 
and the target dates for their implementation. 
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I 1910.107 (b) (1); (b) (2). (b) (3). (b) <•), 
lb) 15) (I), (b) (5) (111), (b) (5) (IV), (b) (8), 
(b)l7). (b) (I), (b)(lO) , (C) (1), (C)(f), 
IC) (5), (C) (8), (C) (7), (d), (e) (7), (e) (8), 
10 (1), (f)(2), (h), (I), (J), (I) (2) , (11 (3), 
ell 1111. (I) (8), (I) (71, and (ml (1). 

I 1910.108 (b), (c), (e)(l), (C:) (2), (g) (3), 
c111t) . and 1111111 . 

, 1910.108 Ill (8) and (h l. 
I 1910.110. 
' l!H0.111. 

cc) Notwithatandln1 anythln1 In 
paraaraph ca>, <bl, or <dl of this sec· 
~ion, any provision In any other section 
c,f this subpart which contains In Itself a 
~P~lnc effective date or time limitation 
~hP.11 become effective on such date or 
~half apply ln accordance with such 
limitation. 

<dl · Notwithatandln1 anythln1 In 
PBl'a1raph <a>, or cb> of this section, if 
1.ny standard ln 41 CPR Part 50-204, 
c,:her than a national consensus stand· 
ard incorporated by reference in I 50-
~04.2< a> < 1>, la or becomes applicable at 
any · time to any employment and place 
of employment, by virtue of the Walsh· 
HH.ley J>ubllc Contract.a Act, or the Serv­
!ce Contract Act of 18115, or the National 
'Foundation on Arts and Hwnanitle8 Act 
of 1915, &DJ correapondin1 established 
Federal standard In this Subpart H 
which ls derived from 41 CPR Part 50-
204 shall a1ao become effective, and shall 
be applicable to such employment and 
:,lace of employment, on the same date. 
§ 1910,115 Sources oh111ndard•. 
Sec. Source 
1010.101........... fl CPR 60-2M.87, 70, 

and 71. 
1110.102........... fl CPR II0-2M.88. 
1110.IOI........... NPPA No. IIOB-11181, 

Standard tor Llqul· 
fled Hydroeen Sy•· 
tema at Consumer 
Sltea. 

11110.U,t........... NPPA No. 1188-1985, 
Standard tor the In· 
1tallatlon of Built 
Ox11en Sy1tem1 at 
Conaumer Sltel. 

1910.105........... NPPA No. 30-11189, 
Plammable and Com­
bu1tlble L I Q U I d e 
Code. 

11110.107........... NPPA No. 33-111811, 
Standard tor SpraJ 
Plnlahln1 ua1n1 Plam­
mabla and Combuau­
ble Materlala. 

1110.108........... NPPA No. 3'-11188, 
Standard tor Dip 
Tan lt I Contlilillnl 
Plammable or Com­
bu1tlble Llqulda. 

1110.108........... NPPA Ho. fH-1970, 
Code tor Manufac­
ture, Tranaportatlon, 
Storqe and UM ot 
ZJ!ploelvea end Blut­
tns Asenta. 

1910.110........... NPPA ae-.., Standard 
tor the Handlln1 of 
Llqulfled Petroleum 
Cun. 

1110.111........... ANSI K81 .1-1Ne, Stor• 
a1e and Handlln1 of 
Anhydroua Ammonia. 

I 1910,116 Saandarda orpnlu1lona, 
National Plre Protection Aaaoclatlon (NPPA), 

80 Blltterymarch Street, Bolton, MA 02110. 
NaUonal Plant Pood Institute, 1700 K Su.et 

NW., Wublncton, DC 20008. 
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Compreaaed 011 Aaaoclatlon. Inc., 600 Pifth 
Avenue. New York, NY 100311. 

Amerlcnn Society of Mechanical Enclneera 
Inc .. United Znclneertn1 Center, 3U But 
47th Street, New York, NY 10017. · 

American Petroleum Inatltute, 1801 It Strff\ 
NW., Waahlncton, DC 20008. 

Nntlonal Board of Boller and Preuure Vea­
ael, ln1pectora, 11116 North Hllh Street, 
Columbu1, OH '3201. 

Amerlcnn National Standarda lnatttute, 1430 
Broadway, New York, NY 10018. 

American Society for Te1tlns and Materlalt 
(ASTM), 11118 Race Street Phlladelphla, 
PA 19103. 

Underwrttera Laboratorlea, Inc. (UL), 207 
Eaat Ohio Street, Chier.so, IL 80811. 

Subpart I-Personal Protective 
Equipment 

§ 1910,132 General requlremenl1, 

<a> ApjiUcation. Protective equipment, 
lncludln1 personal protective equipment 
for eyes, face, head, and extremities, pro­
tective clothln1, respiratory devices, and 
protective shields and barriers, shall be 
provided, used, and maintained in a aanl· 
tary and reliable condition wherever It 
la neceaaary by reason of hazards of 
processes or environment, chemical haz­
ards, radioloritcal hazards, or mechanical 
Irritant.a encountered in a manner cap•· 
ble of causing injury or Impairment In 
the function of any part of the body 
throUKh absorption, Inhalation or phYs· 
teal contact. · 

<bl Emplot'ee•owned equipment. 
Where employees provide their own pro­
tective equipment, the employer shall be 
responsible to assure Its adequacy, In­
cluding proper maintenance, and sanita­
tion of such equipment. 

<c> Deaign. All personal protective 
equipment shall be of safe deslsn and 
conatrucUon for the work to be per­
formed. 
§ l~ 10,133 F.yc, 11nd f11ce prolet"lion, 

<a) GeMral. Ill ProtecUve eye and 
face equipment shall be required where 
there ls a reasonable probablllty of In­
Jury that can be prevented by such equip­
ment. In such cases. employers shall 
make conveniently available a type of 
protector suitable for the work to be 
performed, and employees shall use such 
protectors. No unprotected person shall 
knowingly be subjected to a hazardous 
environmental condition. Suitable eye 
protectors shall be provided where ma­
chines or operations present the hazard 
of ftying obJecta, glare, liquids, lnJurloua 
radlaUon, or a combination of these hu· 
arc:ls. 

<2> Protectors shall meet the follow· 
ln1 mlnimwn requirement.II: 

m They shall provide adequate pro• 
tec:Uon a1alnat the particular hazards 
for which they are deslsned. 

<U> They shall be reuonably comfort­
able when worn under the dest,nated 
conditiom. 

<W> They shall ftt snuaty and shall not 
unduly interfere with the movements of 
the wearer. 

<lv) They ahall be durable. 
<v> They shall be capable of beln1 

dlalnfected. 
<vl> They shall be eaaUy cleanable. 

22231 

<vii> Protectors should be kept clean 
and in good repair. 

<31 Persons whose vision requires the 
use of corrective lenses In spectacles, and 
who are required by this standard to wei,r 
ere protection, shall wear gonles or spec• 
tacles of one of the followln1 types: 

m Spectacles whose protective lensns 
provide optical correction. 

m> OoHlea that can be worn ovcir 
corrective spectacles without dlsturblr,1 
the adjustment of the spectacles. 

<Ill> Oo11les that Incorporate corre,:­
tive lenses mounted behind the protective 
lenses. 

141 Every protector shall be distinctly 
marked to facllltate Identification only 
of the manufacturer. 

<5> When limitations or precautions 
are Indicated by the manufacturer, th,iy 
shall be transmitted to the user and care 
taken to see that such llmlta tlons and 
precautions are strictly observed. 

<6> Design, construction, testing, and 
use of device ... for eye and face protection 
shall be In accordance with Americnn 
National Standard for Occupational aud 
EducaUonal Eye and Face Protection, 
Z87.l-1968. 
~ 1910.13-J Re~piralory prolrrlion, 

I a> Permf&sible practice. < l> In the 
control of those occupational dise~es 
caused by breathing air contaminated 
with harmful dusts, fogs, fumes, mlsta, 
1ases, smokes, sprays, or vapors. the Pl'l­
mary objective shall be to prevent at­
mospheric contamination. This shall be 
accomplished as far as feasible by ac. 
cepted engjneerin1 control measures <for 
example, enclosure or confinement of the 
operation, 1eneral and local ventilation, 
and substitution of less toxic material,,>. 
When effective enritneerlng controls are 
not feasible, or while they are being in· 
stituted, appropriate respirators shall be 
used pursuant to the following require­
ments. 

<2> Respirators shall be provided by 
the employer when such equipment Is 
necessary to protect the health of the 
employee. The employer shall prov~de 
the respirators which are applicable and 
suitable for tne purpose Intended. The 
employer shall be responsible for the 
establishment and maintenance of a r,is­
plratory protective program which shall 
Include the requirements outlined In 
pararrraph <bl of this section. 

(31 The employee shall use the pro. 
vided respiratory protection In accord. 
ance with Instructions and training 
received. 

<b> Requirement.! for a minimal ac­
ceptable program. <ll Written standard 
operating procedures governing the se­
lection and use of respirators shall be 
established. 

<2> Respirators shall be selected on 
the basis of hazards to which the worker 
111 exposed. . 

<3> The user shall be lmtructed and 
tralned In the ;>roper Ulle of respirators 
and their llmitatlona. 

<4> Where practicable, the respirators 
should be aaaisned to lnclividual workers 
for their exclusive use. 

<5> Respirators shall be regularly 
cleaned and dlalnfected. Those issued for 
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the exclusive use of one worlur at~..:ld be 
cleaned after each day's use, or more 
often if necessary. Those used by more 
than one worker aha.11 be thorourhly 
cleaned r,nd .:ils\r.!ec~d a.!ter ea...:r. use. 

(61 Res;,1ratcrs s.'IJ.•ll be stored in a 
convenient, clean, and sanitary location. 

1 7 l Res:>h·atcrs · u.sed routinely ahaU 
be in11i;ected durlnr cleaninr. W.,m or 
deteriorated pa.ns shall be replt.ced. Res­
pirators !or emerrency use such u ael!­
cor.tained devices shall be thorou,hly 
inspected a.; lea.at once a. month r.nd after 
en.::h use. 

1 s \ Ap~ro:>r~s.te a..;rvemanc& o! work 
a1·ea conditions t.nd. derree o! employee 
expcs~re or a;,·esa shall be maintained. 

c 9 > There shat • . be rerular inspection 
and cva~· ... &tlon to determine the con­
tinued etfectlveneaa of the prorrt.m. 

1 lt, Persona &'1o~d not be aaairned 
to tasks i-~ulrinr use of respirators un­
less it has been determined that they are 
ph:vsic&.Uy &ble to perform tr.e work· and 
use the equipment. The local physician 
sh1.ll dete1·mlne what health and physical 
condltlon11 are pertinent. The respirator 
user·s :nedlcal status should be reviewed 
pc1'1odically <!or Instance. annuallyl. 

c 11 , Approved or accepted resplrator11 
shaJl be used when they are available. 
The. respirator fumlahed shall provide 
adequate r,esplratory protection arainst 
the partk:\ja:- ht.zard for which it la 
de~lcue~ ir. e.ccordt.nce with standards 
r,!';tuhllshed by competent a.uthorltiea. The 
u.n. Of:p&.rtment t>f Interior, Bureau of 
Mlt1c:-. and the U.S. Department of Arri­
culture ar.e reccrntz.ed as such authorl­
t.tes. 11.!~ho~rh respirators llated by the 
U .S. Deps.rtrr.ent of Agriculture continue 
to be acceptable for protection aaalnst 
.specllled peatlcldea. the UB. Department 
of the Interior. Bureau of Mines, la the 
P.ff,_mcy now re.sponalble for testing &nd 
app1·01·lng pesticide resplratot"S. 

, c, Selection c,/ respirators. Proper 
selection of respirators shall be made ac­
cording to the gu!da.nce of American 
Nntlonal Standard P:-a.ctlces !or Reaplra­
tci·y Protection Z88.2-1969. 

(d1 Afr· quallt11. <l> Compreased air, 
com;,rc.sse.:! oxyren, liquid air, and liquid 
oxyi;en ~ed for respiration shall be of 
high pi.r!;y , Oxyren shall meet the re­
qut;·e:ner:ts of the United Btatea Pht.rma­
copocln for medical or breathlnr oxy,en. 
Breathing s.lr shall r.ieet at least the re­
qu\,·cment.s of the apeclttcatton !or Onde 
D brc:ithing . air as described In Com­
prc:;.scd Oas Assa<:fatlon Commodity 
Gr;,::;iJ\c:at~on 3-7.l-h'M3. Compreaaed 
oxygen shall not be used In supplled-air 

· rcspiri-tc.'.1'3 or In open e!rcult 11elf­
co11~ai11c,1 breathlnr apparatus that have 
prc•,101.:~iy U!led eompreMed alr. OxYren 
must ncv.e:- ~ used with air line 
res pi r\ltcl's. 

, 21 i~;·c1.t·:-.l:-1g &!r :r.a.y be supplied to 
res:>ir;;.t.ors !rom cylinders or ah· 
con;pr,Js:;..,rs. 

1 i, Cylinders shall be tested and main­
ts.lr.ed as ;,rescrt:>ed In the Shlpptnr 
Cor.tai:uir Specltka.~c...-, ~rulatlons of 
tl1e :>epa:;.r.:ieni ot r.,":·s.::-.aportatton <49 
C?'a ?:.(t ~'::3i. 

<lll Th.:i cc.m;,r.essc:r ::oz- suJ;piylnr ah· 
sha;l ':ic ,)~;;!~;,ec. w:~:'l ~'1~-essary safety 
and s;;anj:Oy dev!.::ea. J.. ilreathtnr air-
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t)·pe compl'es:;ol' shall be used. Compres­
sors shall be constructed nnd situated 
so as to s.vold entry ot contaminated air 
i.1to the system and lll.lltable In-line air 
pu,!fylng s.;rb,mt bcdo a.nd ftlters In­
stalled to tu1·ther a.saure breathins a1r 
qua.lit~·. A receiver of sUfflclent capacity 
to enable the respirator wearer to escape 
from a contaminated atmosphere In 
event of compressor failure, and alarms 
to indicate compreaaor failure and over­
heating shall be Installed In the system. 
I! an oil-lubricated compresaor la uaed, 
It shall hne a. hl1h-temperature or car­
~!1 monoxide alarm, or both. If only a 
high-temperature alarm la used, the air 
f1·om the compresaor shall be frequenUy 
teated for carbon monoxide to Insure 
U1at it meets the speclftcatlons In sub­
pararraph 111 of thla paraaraph. 

c 3 > Air line coupl1111a shall be Incom­
patible with outlets for other raa sys­
tems to p1·event Inadvertent aervlclnr of 
air line respirators wtth nonresplrable 
rasei. or oxygen. 

, 41 Breathing ras containers shall be 
marked In accordance with American 
National Standard Method of Marlcln1 
Portable Compressed Ou Containers to 
Identify the Material Contained, Z48.l-
1954: Federal SpeclftcaUon EB-A-1034a, 
June 21 . 1988. Air, Compreaaed for 
Breathing Purposes; or Interim Federal 
Speclftcatlon OO-B--00875b, April 27. 
1985. Breathlnr Apparatus, Self-Con­
tained. 

,e1 Us~ of ruplrators. <l l Btandard 
procedures shall be developed for respi­
rator use. These should Include all Infor­
mation and ,uldance necessary for their 
proper selection, uae, and care. Poaalble 
emerrency and routine uses of respira­
tors should be anticipated and planned 
for. 

<2> The correct respirator shall be 
speclfted for each Job. The respirator 
type Is usually speclfted In the work pro­
cedures by a quallfted Individual auper­
vlalnr the respiratory z;rotectlve prosram. 
The individual Issuing them shall be 
adequately l.nstructed to lruiure that the 
correct respirator Is Issued. Each respira­
tor permanently ualrned to an lntll­
vldual should be durably marked to In­
dicate to whom it was ll.lllll!flled. '.i.'hla 
mark shall not atr~t the i"'JJJ)l:ra~or per­
formance In any way. The ,1at1l of Issu­
ance should be recorded. 

(3l Written pro.:edures shull be pre­
pared coverlnr safe use of respirators in 
danrerous atmo.,pheres thP.t ml1ht be 
encountered In normal operations or In 
emerrencles. Personnel ahall be familiar 
with these procedures and thi! &vailable 
respirators. 

<I> In areas where the wearer, with 
failure of the respirator, could be over­
come by a toxic or oxyren-deftclent 
atmosphere. at leut one additional man 
shall be present. Co.nmunicatlons <vlaual, 
voice, or signal line> shall be maintained 
between both or Qll Individuals present. 
Plannlnr sha.ll be such that one individ­
ual will be unaffected by any likely incl· 
dent and have the proper rescue equip­
ment to be able to llll-,l.3t the otherCs> In 
cue of emerrenr.y. 

(111 When sr.lf-contalned brenthlnr 
apparatus or ho:m ma,1ks with blowers 

are used In atmospheres immediately 
danrerous to lite or .health. i;tandby men 
must be present with suitable rescue 
equipment. 

<ill> Pel'sons usin1·a1r line respirator! 
In atmospheres immediately hazardous 
to life Ol' health shall be equipped with 
safety harnesses and safety lines for llft­
lnr or removlnr persons from hazardous 
atmosµherea or other and equivalent 
provisions for the rescue of persona from 
hazardous atmospheres shall be used. A 
standby man or men with aultable self­
contained breathlnr apparatus shall be 
at the nearest fresh air base for emer­
rency rescue. 

(4 l Respiratory protection ls no bet­
ter than the reapirato1· in use, even 
thO\Wh It la wo1·n conaclentiOU8ly. ~re­
quent 1·andom lnapectlons shall be con­
ducted by a quallfted Individual to as­
sure that resph·ators are properly se­
lected, used, cleaned, and maintained. 

15) For safe use of any respirator, it 
la essential that the user be properly In­
structed In Its selection. use, and main­
tenance. Both supe1-vlaors and workers 
shall be so lnstl'ucted by competent per­
sona. Tralnlnr shall provide the men an 
opportunity to handle the respirator, 
have It fttted p1·operly, test Its face-piece­
to-face seal, wear It In normal air for 
a lonr fam111ulty pe1·1od, and, ftnally, 
to wear It In a test atmosphere. 

<ll Every resph·ator wearer shall re­
ceive fitting Instructions lncludlnr dem­
onstrations and practice ln how the res­
plrato1· should be worn, how to adjust It, 
and how to determine If It ftts properly. 
Respirators shall not be worn when con­
ditions prevent a rood face seal. Such 
conditions may be a gl'owth of beard, 
sideburns. a skull cap that project., under 
the faceplece, or temple pieces on rlaaaes. 
Also, the absence of one or both dentures 
can se1-Iously affect the ftt of a faceplece. 
The wo1·ker's dlll1ence in obaervlnr theae 
factors shall be evaluated by periodic 
check. To assure proper protection, the 
faceplece tit shall be checked by the 
wearel' each time he puts on the respira­
tor. This may be done by followtnr the 
manufacturer's faceplece fttttnr Instruc­
tions. 

(11) Providing resplra tory protection 
for Individuals wearlnr corrective rl.aaaea 
la a serious p1·oblem. A p1·oper seal cannot 
be established If the temple bars of eye 
rlasses extend th1·ou1h the sealing edae 
of the full facepiece. As a temporary 
measure, glasses with short temple bare 
or without temple bars may be taped to 
tbe wearer's head. Wearlnr of contact 
lenses In contaminated atmospheres with 
a respirator ahall not be allowed. Sys­
tems have been developed for mounttnr 
corrective lenses Inside full faceplecea. 
When a workman must wear corrective 
lenses as part of the faceplece, the face­
piece and lenses shall be fttted by quali­
fted Individuals to provide r ood v1alon, 
comfort, and a ru-tirhtaeal. 

Ull I If corrective spectacles or 10,rlea 
are required, they shall be worn so u 
not to affect the ftt of the facepiece. 
Proper selection of equipment will mlni­
mtze or avoid this problem. 

m Maintenance and care of ruplra­
tora. < 1 > A prorl'am for maintenance and 
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care of l'esph·Rton ~hall be adjusted to 
the type of plant, workln1 condltlona, 
and haz&l'ds lnvoh'ed. and shall Include 
the followln1 basic sel'Vices : 

<ll Inspection for detects 11ncludln1 
I\ leak check> , 

<Ii> Clenn!nc and dls!nfectlnir, 
um Repah·, 
<Iv> Storn1e 

Equipment shall be pl'operly maintained 
to reta!r, Its 01·lglnl\l effecti\'eneaa. 

t 2 1 , I> All resph·I\ tou shall be In­
spected l'OUtinely befol'e and after each 
use. A 1·espll'atol' that Is not l'OUtlnely 
used but Is kept ready fol' emer1ency 
use shall be inspected after each use 
and at least month!~· to assure that It la 
In satlsfacto1·y wol'king condition. 

Ill\ Self-contained breathing appara­
tus shall be Inspected monthly. Air and 
oxygen cylindel's fhall be fully charred 
acrol'dlnir to the mnnufnctu1'e1··s Instruc­
tions. It shall be determined that the 
re1ulatol' and warnln1 devices function 
Pl'operly. . 

<Ill> Resplratol' Inspection shall In­
clude a check of the t11htnesa of con~ 
nectlons and ·the condition of the f~ce­
p!ece, headbands, val\'ea, connect!n1 
tube, and canlstel's. Rubber or elastomer 
pa1·ts shall be Inspected for pliability 
and signs of dete1·lol'atlon. Stretchln1 
and manlpulat1n1 rubbfr Ol' elaatomer 
parts with a massag!nr action \\'Ill keep 
them pliable and nexlble and prevent 
them from takln1 a set dur!n1 atorare. 

<Iv) A record shall be kept of Inspec­
tion dates and ftnd!n1s for respirators 
maintained for emel'1ency use. 

<3> Routinely used resp!l'atora shall 
be collected, cleaned, and disinfected aa 
frequently as necessary to Insure that 
proper protection la provided for the 
wearer. Each worker should be briefed 
on the cleaning procedure and be aaaured 
that he will always receive a clean and 
disinfected 1·eaplrator. Such assurances 
are of 11·eatest al1nlftcance when re1plra­
tora are not Individually aulaned to 
workers. Respirators maintained for 
emer1ency use shall be cleaned and dll­
lnf ected after each use. 

cu Replacement or repairs shall be 
done only by expel'lenced persona with 
pa:ta deal~ed for the respirator. No 
attempt sh1.;~ be made to replace com­
ponents or to make adjustment or re­
pairs beyond the manufacturer's recom­
mendatlona. Reducln1 or admJuion 
valves · or re1ulatora shall be returned 
to the manufacturer or to a trained 
technician for adjustment or repair, 

<5> m After Inspection, cleanlns, 
and necessary repair, respll·atora lhall 
be stored to protect a1alnst dust, 1un­
Ught, heat, extreme cold, exceaalve 
moisture, or dama1ln1 chemicals. Res­
pirators placed at stations and wort 
areas for emer1ency use shouid be 
quickly accessible at all times and 
should be stol'ed in compartments built 
for the purpose. ".l'l'.e compartment& 
should be cleuly marked. ~utinely 
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used 1·esplrators, such as dust l'esph·a­
tors, may be placed In plastic bags. Res­
pirators should not be sto1·ed In such 
places aa lockers 01· tool boxes u11le11 
they nre In canyin1 cases or cutons. 

Ill> Reaph·ato1·a should be packed or 
ato1·ed so that the faceplece and exhala­
tion valvr will rest In a normal l)Olltion 
and function will not be Impaired by 
the elastomer aettin1 In an abnormal 
Position. 

1111) Instructions fo1· p1·oper stora1e 
of emergency respirators, such aa 1aa 
masks and self-contained b1'eathln1 
appuatua, ue found In "use and care" 
Instructions usually mounted Inside the 
carrying case lid. 

«1 ) IdtntiJlcatlon o/ oas mask cani.,­
ttrs. < l > The primary means of ldentlfy­
in11t. 1as mask canlater shall be by meana 
of p:·opel'ly worded label11. Tlle secondai-y 
means of !dentlfyln1 n 1at mask canister 
i;hnll be by a color code. 

<2>Ail wl',o issue or use 1aa masks fall­
Ina within the scope of this section shall 
see that all 1aa mask canlate1'1 pui·chaaed 
or used by them are properly labeled and 
colored In accordance \\'Ith thew require­
ments befo1·e they are placed In ael'Vlce 
and that the labels and colors are prop­
erly maintained at all tlmea thereafter 
until the canisters have completely 
ael'Ved their purl)Ole. 

<3> On each canister shall appear In 
bold letters the followin1: 

(1)-

Canlster for --- - --- -- -------- · ·-··--------
(Name to, atm01pherlc contaminant) 

or 
Type N OM lluk can11ter 

<ii) In addition, esaenUally the fol­
lowing wordlna lhall appear beneath the 
app1·oprlate phrase on the canlater 
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label : "For reapirato1·y protection in nt.­
mospherea r.ontalnln1 not more than 
------ pel'cent by volume of. ___ --- -- -- _ 

" 
<Name of atmospheric contam!n11nt 1 

1U1> All of the markln1sspeclfted above 
should be placed on the m().!,t consi,lcuou11 
surface or surfaces of the canl11tel'. 

14> Canlatera hav!n1 a special high­
efficiency ftlter fol' p1·otectl011 aanlnst 
radlonuclldea and other hl1hly toxic Pal'· 
t!culates shall be labeled with a i-tnte­
ment of the type and degree of protl'c­
Uon afforded . by the filter. The label 
shall be affixed to the neck end ot'. or to 
the gray stripe which Is around and near 
the top of, the can!i;ter. n1e degree of 
p1·otection shall be mal'ked ns the pl'r­
cent of penetration of the c:mistcr b:.­
a 0.3-micron-d!ametei· dloct~·l phthalate 
1DOP> smoke at a now l'atc of 85 liters 
per minute. 

t5> Each canister shall have a label 
wamln1 that au masks should be u~Pd 
only In atmosphe1·cs contulnini; rnffl­
clent oxnen to SUPPort life 'Rt least 16 
percent by volume> , since g:111 mnsk 
canlltera are only deai11ned to neutralize 
or remove contaminants from the air. 

UI> Each 1as mask canister slrn 11 be 
painted a distinctive color 01· combfna­
t!on of colors Indicated in Table 1-1 . All 
colors used i;hall be such that the~· are 
clearly ldent!ftable by the ·\L~cr and 
clearly dlstln1ulah11ble from one 11nother. 
'nle color coat1n1 used shall offer n hi11h 
degree of resistance to chipping. scaling. 
peelln1, bllaterin1, fading, And the effects 
of the ordinary atmospheres to n·hit'h 
they may be exposed undel' normal ron­
dltiona of stol'a1e and use. Appropri­
ately colored pressure sensitive taJ>e 
may be used for the stl'lpes. 

TULi 1-1 

Atmo,phmc co11tam(t11111t, to bt prottcttd 
aga(n,t 

Acid raae•- ------------···-··--·- -·-------
llydlOcyanle ~cld saa----·--------·--------
Chlol'llle tY- --·-· -·- _ --- ---- ··----- __ ----

Orpnlc vapofl ___ -· •• ----··-· --- · -- - - -···· 
AD\m()til!> :J?,I. -- - -------- - ·-- · - -. ---------
Acld peg and ammor.la saa----------------
carbon monoxide __ - _ -------- -·-·--·-·--·· 
Acid sue• and or1an1c \'&jj)On---···-··-·--­
llydrocyanlc r.c,d pa and chloroplcr111 vapor. 

.&old PHI, orcanlo vapon, and ammonia ..... 
Radloactln materlall, 11cepttn1 tritium and 

noblepaee. 
Partlculatea (duet., fumM, m11t1, top, or 

amokM) In combination wltb anJ of tbe 
above IUM ot Yl\l>')n. 

AU of the above ~tm01ph1rlc cont,mlna11t1._ 

Colora asalgntd• 
White. 
White with 'At-Inch 1rHn •tripe complete!~· 

around the cantater near the bottom. 
White with ~-Inch yellow ,tripe complettly 

around the canlater near the bottom. 
Black. 
OrNn. 
Onan with ~-Inch white stripe completely 

around the can11ter 1,ear the bottom. 
Blue. 
Yellow. 
Yellow wttb ~-Inch blue 1trlpe completely 

around tbe cantat,r near the bottom . 
Brown. 

Purple (llapnta). 

C&nllter ootor for contaminant. aa designated 
aboY,. wltb ~-Inch pay 1trlpe completely 
around the oantater near th, top. 

Red wttb··· ~-lnob lftY 1trlpe completely 
around the canllter nor tbe top. 

•Qray ,ball not be ualptd M tbe main color tor a canlater dNllned to remo,·e acids or 
upon. 

NOTs: On.ns,t lhall be t11td u a complete body, or ltrlpe oolor to repreaent gasea not 
ln«:iudld 111. tblll table. Th• uatr will nNd to refer to th• canllter label to determine the 
delrM of protection the oanllter will afford. 
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Title 30-MINERAL RESOURCES 
Chapter ~ 1.m,~u of MinH, 

Depart1t1oi'I~ ,i/J vlla Interior 
SUBCHAPTI:" ~ '1Si'IIU'TOlY PROTECTIVE 

N'PARAYUS; Yii:STS FOi PEltMISSIIIILITY; FEES 

PART 11-IU)§PIRATORY PROTEC­
TIVE DEVICES; TESTS FOR PER­
MISSIBILITY; FEES 

PART 12-SUPPLIED-AIR 
RESPIRATORS 

PART 13-GAS MASKS 

PART 14-FILTER-TYPE DUST, FUME, 
AND MIST RESPIRATORS 

PART 14a.--NONEMERGENCY GAS 
RESPIRATORS (CHEMICAL CAR­
TRIDGE RESPIRATORS, INCLUDING 
PAINT SPRAY RESPIRATORS! 

Pursuant to. the authority vested in 
the Secretary of the Interior under 36 
Stat. 369, as amended 37 Stat. 681 <30 
U .S .C. 3, 5, and 7), and the· a.uthor:lcy 
vested in the Secretary of the Interior 
and the Secretary of Health, Education, 
and Welfare under sections 202(h), 204, 
and 508 of the Federal Coal Mine HeRlth 
and Safety Act of 1969 (30 U.S.C. 842Ch>, 
844, and 957) , there was published in the 
FEDERAL REGISTER for March 10, 1071 (36 
F.R. 4652> a. notice- of proposed ·rule 
me.king wherein it was proposed to revoke 
Parts 11, 12, 13, 14, and Ha of Subchap­
ter B, Chapter I, Title 30, Code of Federal 
Regulations <Bureau of Mines Schedules 
13E, 14F, 19B, 21B, and 23B), and to sub­
stitute therefor a new Pe.rt 11, prescribing 
the approval procedures, establishing the 
fees, and consolidating and extending the 
requirements for obtaining joint approval 
of respire.tors by the Bureau of Mines, 
Department of the Interior and the Na­
tional Institute for Occupational Safety 
and Health, Department of Health, Edu­
cation, and Welfare. 

Interested persons were afforded a 
period of 45 days. from the de.t.e of pub­
lication of the notice within which to 
submit written comments, suggestions, or 
objections to the proposed amimdments. 
Approximately 15 associations, com­
panies, labor organizations, individuals, 
and State and .Federal agencies sub­
mitted comments, suggestions, or objec­
tions. In addition interested parties in­
formally conferred with officials of the 
Department of the Interior and the De­
partment of Health, Education, and Wel­
fare in March, April, October, and No­
vember 1971 in order to discuss the pro­
posed amendments. 

Some of the regulations have been 
revised as suggested; in other instances 
revisions have been made in view of the 
comments received. 

The proposed regulations specified 
that protection factors for certain types 
of respirators would be determined by 
the Bureau during the course of testing. 
A suggestioo was received that protection 
factors be determined for all types of 
respirators. After thorough considera­
tion of this issue, the Bureau and the 

RULES AND REGULATIONS 

sec. 
11.1 
11.2 
11.3-1 

Institute have decided that although the 
concept of protection factors 1!1 valid. 
present technology in this area I.a in­
sufficient to produce reliable data upon 
which to base such factors. Therefore, 
references to protection factors have 1.a 
been deleted from the regulations, with a 1.• 
view toward working to improve relev~ 
technology and data in order to incorpo­
rate requirement.!1 for protection factors 
into Part 11 at a later date. 

Other significant technical revtsiona 
a.re: (1) Performance requirements have 
replaced certain design specifications; 
and <2> tests have been included for 
powered air-purifying respirators. 

11.10 
11.n 
11.12 

11.20 

11.21 

11.22 

54,bpart A--General Provl1lon1 

Purpoee. 
Approved reaplra.tora. 
Selection. flt, uae, and mainte­

nance of approvecl"reaplrators. 
Deftnitlo11,11. 
Incorporation by referenoe. 

Subpart 11--Appllcatlon for Approval 

Application proCjlduree. 
Contents of application. 
Delivery ot respirators by appli­

cant; requlrementa. 

Subpart C-feH 

Exa.mJnatton, Inspection, and 
testing of complete respirator 
8888mblles; feea. 

bamlnatlon, inspection, and 
testing of respirator compo­
nents "lr BUbassembllee; fees. 

tl'nllated fees; additional fees; 
pa:,ment by applicant prior to 
approval. · 

Certain procedural revisions have also 
been made. The arrangement and mun­
bering sy:;tem of the proposed amend­
ments has been totally redesignated so 
as to place all procedural requirements 
at the beginning of Part 11 <Subparts A 
through F>, followed by all technical 
requirements <Subparts G through M.>. 
Expanded and more stringent quality 
control requirements have been estab­
lished <Subp~i:rt E> ; Examples of ce.uaea 
which may resuit in revocation of the 
certificate of approval have been speci­
fied. The time limit for phasing out 
respirators approved under revoked Parts 
11, 12, 13, 14, and 14a of this ntle 30 
has been clarified <see § 11.2> . 

Subpart D-Approval and Disapproval 

A suggestion was received that models 
submitted for testing and approval be 
made only on regular production tooling 
with no operations included which would 
not be incorporated in regular produc-
tfon processing in order to insure that 
commercially produced respirators would 
be identical iJJ all respects to those tested 
and approved under these regulations. 
This suegestion was carefully considered. 
However, it was determined. by the Bu­
reau and the Institute that such a re­
quirement might well operate to obstruct 
advances in respirator technology, since 
substantial investment would be neces­
sary to bulld production models with no 
adequate assurance of ultimate approval. 
Consequently it was decided to continue 
the test1.ng of soundly designed and con­
structed prototype models; however, 
upon completion of such testing the Bu­
reau and the Institute may require the 
applicant to resubmit a production model 
for addltlonal testing prior to issuance 
of a certificate of approval (see §§ 11.11 
Ce) and 11.30) . 

Subchapter B of Chapter I, Title 30, 
Code of F'ederal Regulations, amended by 
revoking Parts 11, 12, 13, 14, and 14a, 
anl substttuting therefor a new Part 11-
Respiratory Protective Devices; Tests for 
Permissibility; Fees, as set forth below 1a 
herewith promulgated and -shall become 
effective 60 days following publication in 
the F'le:DERAL REGISTER. 

W. T . PECORA, 
Acttnu SecretaT1J of the Interior. 

FEBRUARY 17, 1972. 

MARCH 

ELLIOT L. RICHARDSON, 
· SecretaT1J of Health, 

Education, and Welfare. 

10, 1972. 

11.80 Certificates of approval; scope of 

11.31 
11.82 
11.88 

11.M 

1ua 

11.88 

1UO 

11.41 
11.42 

11.48 

approval. 
Certlftcat.es of approval; contents. 
Notice of disapproval. 
Approval labela and marktnge; ap­

proval of contents; use. 
Revocation of certlllcatea of ap-. 

proval. 
Changes or modifications or ap­

proved respirators; l.uuance of 
modification of cerilftcate of 
approval. 

Delivery of changed or modified 
approved respirator. 

Subpart E--Quallty Control 

Quall-ty control plans; filing 
requirements. 

Quality control plana; contenta. 
Propmed quality control plans; 

aproval by the Bureau and the 
Inatltut.e. 

Quality control records; review by 
the Bureau and the Institute; 
revocation of approval. 

Subpart F--Cla11lllcatlon of Approved le1plril­
ton1 Scope of Approval; Atmo1ph•lc Harard11 
Service Time 

11.IO Typell of resplraton to be ap-

11.&1 

11.U 

11.11 

1UO 

11.81 

11.81 

11 .• 
11.tN 

11.• 

11.• 

proved; acope of approval. 
Jentry and escape, or eeclipe only; 

c1Uld1lcatlon. 
Reaptratory hazarda; clauldca­

tlon. 
Servtoe time; cla881doation. 

Subpdrt G--General Constrvctlon an!! 
Performance lequiremenll 

Oonatructlon and performance re­
quSNrmen.te; general. 

Oenf!l'&J. construction requ!re• 
meu.ta. 

Oomponent parts; minimum re­
quirements. 

Teat requirements; general. 
PretMttng by applicant; approval 

ot test methods by the Bureau. 
Conduct of examinatton11, lnapec­

tlona, and teats by the :eur.u 
and the Instl.tute; aMlst.anoe bf 
• pplicant; obllervers; reoorded 
data; public demomtratlolls. 

Witbclrawal of appHcattom; re­
tund of feea. 
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IULES AND REGULATIONS 

Subpart ~Self-Contained l l'Mllllftl Apparatu.1 I Illa. 
8eo. 11.N Brw.thlns tubea; mlnl.mum .n­

qulrementa. 
11.'IO 

11.'1 

11,'rl 

11,'rl 

11." 

11.'11 

11 • .,, 

11,ff 

11,'11 

11.'l'I 

11,.,.._1 

11.IO 

H.11 

11.a 

11.81 

11.N 

u.aa 

11.1&-1 

UM-I 

11Jl&..I 
11JIS..4 
11.a&-I 

1.1~ 

11.81-'1 
11,81-8 

u.aa-e 
11 .. 10 

11.1&-11 

11.1&-11 

11.11&-11 

11.11&-H 

11.85-11 

11.11&-18 
11.85-1'1 
11.85-11 

11.85-111 

11.00 
11.01 
11.02 

11.oa 

11.H 

98 

ltU-ooZJ.tamtd bin&1l1tDc appus.­
t•; delortptlon. 

ltU-oc>nw.iDed breatbtq IIPJ>U'&­
wa: required oomponenta. 

Bre&th!q tubN; mlnlmum re­
q,i!Nmen'la. 

Barn- ; µi&t&llatton and oon• 
stniotton; mlntm:um requiN­
i:nenta. 

Appr,n.tua oontatnen: m!ntmum 
requl.Nmenta. 

JIAU·muk faoepieoee, full f­
pleoel, mouthP,fieON; flt: m!Dl· 
mum requtrementa. 

l'lloep(eoea: .,.ept-.; m!ntmum 
requ!Nmenta. 

Inhalation and ezhalatton ftlvea; 
m1n1mum requlNmenta. 

Bead. ham- ; m!ntm'l,llll N• 
qulrementa. 

Bre&thlnl- 11M: m1n.tmum re• 
quirementa. 

IJ:lterobanpabllltJ of oznen r.Dd 
air prohtblted. 

Oampreaed ~ ... and 
Uquea.cl bratblq pa OOll• 
tal.Den; mlnlmum nqutn­
menta. 

OM PNa1JN ppa; Dilmmum re-
qutrementa. -

Tlmen: olapNd ttmo lndlcl.ton: 
:remalnlnf aenSoo Ufo tndloa• 
ton: mln!mum requtremonta. 

Band-operated ftlTM; minimum 
requlrementll. 

Breath.I.De beet: mlnlmum re­
qulrementa. 

Self-contained bH&thlnl 1,ppara­
tua; perfomwioo nqulrementa; 
pnenl. 

Component part.a npmed to arr­
ren pNaUNa; mlnimum n ­
q~1a. 

Oompreaeed pa Alton: minimum 
requiromentl. 

lbw.thlna ti.I teat. 
Wetlht requirement. 
Bre&tblns rea1atanoe test: mJwt,­

tton. 
Brw.t.blnt reotat&noe teR; em.... 
~ 

Bl[bt,]t,tton ftln le.tap tea. 
OU flow tNt: open-cdrcult IIP• 

~tul. 
Ou flow teet: olooed-ob'ouit ap­

pan.tua. 
8en1oe time teat: open-olrc~ 

t,ppl,l'l,tul. 
8en'loe time t.Nt: oloNd~ 

t,ppvt,tUI. 
Tat for carbon dtOJCtde · 1n ln· 

apti'ed pa: open- ~d oloNd­
olrcult appan.tua: mulmum 
r.Uowable llmlta. 

Tata during low tempen.turo op­
enr.tton. 

llan to.ta; teettng oondtuom; · 
pnert,1 roqulrementa. 

Kan tMta 1, 2, I, ano• : requln• 
menta. 

Kan teat II: requtnmenta. 
·Iba test S; requtrementa. 
Kan teat.a; perform&nee requtn­

menta. 
Ou Ushtne. toot; m1n1mum re­

qutrementa. 

Subpart I--Ga1 Model 

Ou ma.ab;. deecrtptton. 
Gu muu; requlred oomponenta. 
Oantaten and CIU'trtdgee ln paral-

lel; reatatanoe reqµINmenta. 
Oan!lterl 11.Dd oartrtdgM; color 

and martctnp: requirement.I. 
Pllten uaed wlt.h can1at4!n and 

oartrtdges: location: replace­
ment. 

11.N 

11.9'1 

11.08 

11.011 

11.100 

11.101 

11.102 

11.1~1 

11.lOW 
11.lM-a 

11.102-4 

11.ln-6 

~ lnltaUat1.oD and OOll• 
atruotlon; • mlnlmum l'IIQUlN­
menta. 

Ou JD.Uk contain .. ; mlnlmum 
reqUlrementll. 

Half-JD.Uk faoepleoee, full faoe­
pl-, and mouthplecee; at: 
mlnlmum requirements. 

Paoepleoea: oyopleoea: mlnlmwn 
reqUlrementl. 

Inhalation and aballr.tlon Vlllv•: 
mlnlmum requlrementa. _ 

Head ~: mlnlmum n-
qUlrementl. · 

Gu muu: pertonunoe requlre­
menta; pnenl. 

Bl'eathlnl reellw.noe teat; m1n1· 
mum reqUlrementa. 

J:zh.lJ.atlon T&lve 1..iur.p teet. 
P&oepl- toota; mlnlmum re--

qulrementa. · 
Du.at, fume, mlat, and amob 

teat.: cantsten oontalntnc m­
ten; mlnlmum requlrementa. 

Cantater be.nob to.ti; mlnlmum 
reqUlrementa. 

1.i..110 
Subpart J....-Suppllecl-Alr IHplraton 

Supplled-&Jr rMpln.ton; deaorlp­
tlon. 

11.111 · Supplled-alr reapln.ton; requlred 

11.112 

11.11a 

11.lH 

11.115 

11.118 

11.11'1 

11.111 

11,110 

ll;l:.IC) 

11.111 

11.122 

11.1211 

11.1:K 

component.. 
Bre..thlnt tubea; mlnlmum re-

qulrementa. · 
~. · lnat&llatlon and OOll• 

atructlon: mln!mum require• 
ments. 

Reapln.tor cont4wlen; mlnlmum 
requirement.a. 

llalf-m.uk faoepl-. full f­
pteoea, hood.a, and helmetll: flt; 
mlnlmum nqwnmenta. 

l'lloepleoea, h'~. and helmeta: 
•191>1-; • mlnlmv.m. requln-
-tl. . 

~llllltlon -and. ahl.11,tton .ftl,.: 
check T&lvea; mlillmum requlro• . 
menta. · 

Hnd hu'n-; mlnlmum N• 
qulrementl. 

HMd and neck .protection; IIUP• 
plled""1r reapln.ton: mln!mum 
i'equlrementl. 

Alr velocltJ and nolN lenla: 
hooda and helmeta; mlnlmum 
requlrementa. 

Bnt.thlns pa; mlnlmum requtr.­
menta. 

Alr aupplf aouroe: band-operated 
or motor drl'ND lllr blowm1; 
Typo A aupplled•lllr rNpln.ton; 
mlnlmum requlrementa. 

Termlu1 1lttlnp Cl' chamben; 
Typo B aupplled•lllr rNplnton; 
mlnlmum requirement.a. 

SUpplled-alr rNplraton; perform· 
anoe 19qulrementa; pnen!-, 

11.lM-1 B,.n.d-opented blOWIII' teat: mlnl• 
mum requlrementa. 

11.19'-4 llotor.:Openr.ted blow• teat: mln• · 
lmum requlrementa. 

11.1:K-8 Met.hod of meuurl.na tba power 
and torque requlred to openr.te 
blowera. 

11.l~ Type B 11Upplled-lllr rNpln.tor, 
mlnlmum requlromenta. 

11.124-a Type O 11upplled-lllr rNpln.t.ar, 
contlnuoua flow clMa; mlnl­
mum reqUlrementa. 

11.1:M-e Type O IIUpplled•lllr reaplrat.ar, 
demand and pr.aun demand 
clua; mlnlmum requlrement& 

11,lM-'1 Alr-aupplJ It.De telta; mlnlmum 
requlrementa. 

11.l~ s.rn- teat: mlnlmum require­
ments. 

6245 

a.o. 
11.1,._. BreathlDI tube t.t: mlnlmum 

requirement.a. 
11.lM-10 Aidlow roalatance teat, Type A 

.and Typo AB aupplled-atr rea­
plr&ton: mlnlmum requtre­
menta. 

11.lM-ll Alrflow reatatanoe teat; Type B 
and Type BB aupplled-alr rea­
pln.ton; mlnlmum requlre­
menta. 

ll.lM-12 Alrtlow reataw.noo teat; Type, c 
aupplled-lllP reaplr&tor, con­
tlnuoua Aow . claa and Type 
01t 11Upp1ted-a1r reepntor: 
mlnlmum requlrementa. 

11.lH-18 Alr1low reotatanoe teet; Typo o 
aupplled-alr reapln.tor, demand 

. clua; mlnlmum requlrementa. 
11.12'-li Airflow reatatanoe test; Type 0 

aupplled-alr . reapln.tor, prea­
aure-demand claa; mlnlmum 
requtrementa. · 

lt".lH-111 Exhllllltlon ftlve leabp teat. 
11.lH-lS Man toots for pNa and vapors 

llt.lpplled~alr rMplr&ton: sen· 
oral performance requlrementll. 

U .lH-1'1 Man i.ets for s- and vapors; 
Type · A and Typo · AB reaplra­
t.ors; test requlromentll. 

11.lH-18 1(1,D teeta for. SUN and vapors; 
Typo B and Typo U -reaplra­
tors: test requlromentll. 

11.12'-10 Man teat tor ~ _and vapors; 
Typo O reep!n.ton, oontlnuom~ . 
flow claa and TJpe OB aup­
plled-alr respirators: teat re• _ 
qulrements. 

11.12'-20 Man ien for peeo and vapors; 
Typo O IUpplled•alr relpln.tors, 
demand and pNaure-demand 
cl-; teat requirements. 

11.124-21 TNtll for protectto~ durtns abra­
atve bluttn,; TJpe .U:, Typo Bl!:, 
and Typo OJll aupplled-alr reapl- · 
raton: pneral perfo,mt,DOO re-
qulremontl. · 

ll.lH-22 Tfft ~er proteotlon durtns abra• 
alto bluttn,; Typo .u: aup­
plled-alr reaplrator; test re­
qulromonta. 

11.lH-28 Teat for proteot1on durtns abra­
alve · blutlng: TJpe u aup­
plled·alr reaplr&tor; teat re­
qutrementa. 

11.12'-M Tfft for proteotton during abra­
atve blutlnf; Typo OJI IIUP• 
plled-lllr reaplrator; toot re­
qulremonta. 

Sulipo,t IC--Dvtt, Fvffle, Oftd Mitt IHplrat.n 
11.180 Dust, tume, and ml.It reeplraton: 

11.111 

11.182 

11Jaa 

11.lH 

11.1aa 

11.1aa 

11,18'1 

11.181 

11.180 

11.1.0 

deocriptlon. 
Dust, rome and ml.It reaplrators; 

required oompononta. 
Brellth.l.Dc tubea: mlnlmum re­

qulrements. · 
Barn-: lmtallatton and oon• 

atruotton; mlnlmwn require­
ments. 

BNplrater contlwlml; mlnlmum 
requlrementa. 

Balf-muk facepleoee, full f&Oe• 
pl-. hoods, helmetll, and 
mouthpt.ecee: 1lt: mlnlmum 
requirements. 

Pacepleces, hoods, and helmeta: 
e:,epteoea; mlnlmum requlro• 
ments. 

Inhalation and ezhalatlon ftlvea; 
mlnlmum requlrementa. 

Head ham-; mlnlmum ... 
qulrementa. 

.A.fr ielocltJ and nolee levela; 
hooda and helmeta; mlnlm'IIDl 
requlrementa. 

Duet, fume, alld mlat reapnton; 
performance requlrementll; 
general. 
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Seo. 
11.1"°-1 Iaoamy1 acetate tlghtne88 teat; 

dust, fume, and miat resptn.­
tora designed for respiratory 
protection against fumes of 
various metals having an air 
contamination level not 1-
than 0.06 milligram per cubic 
meter; minimum requirements. 

11.1"°-2 llloamyl acetate tlghtne88 teat; 
resplratora designed for respira­
tory protection against dusts, 
fumetf, and m1sta having _an air 
contamination level le88 than 
0.06 milligram per cubic meter, 
or against radlonuclldes; mini­
mum requirements. 

11 .140-3 Air-purifying filter tests; per­
formance requirements; gen­
eral. 

11.lto--4 Silica dust teat; single-use or -re­
usable filters; minimum re­
quirements. 

11.1-I0-3 Slllclf. dust teat; Bingle-use dust 
resplratora; 'minimum require­
ments. 

11.l~ Lead fume teat, minimum re­
quirements, 

11.H0-7 Slllca mist teat; minimum re­
quirements. 

11.1-&o-8 Tests for resplratora designed for 
respiratory protection against 
more than- one type of dlsper­
sold; minimum requirements. 

11.l~ Alrftow reststance tests; all dust, 
fume, and mist resplratora; 
mlrumum requirements. 

11.H0-10 .Exhalation valve leakage teat; 
minimum requirements. 

11.H0-11 l)OP filter test; reaplratora _ de­
lllgned 118 respiratory pn,tectl<m 
against dusts, tumes, and m1sta 
having an air contamination 
level leas than 0.06 milligram 
per oublc meter and against 
radlanuclldes; minimum re­
qulremen,ts. 

11.H0-12 Silica dust loading test; respira­
tors designed u protection 
against dusts, tumes, and mtsta 
having an air cont.nitnatton 
level 1- than 0.06 mllllgram 
per cubic meter and agatnat 
radionuclide&; minimum re­
quirements. 

Subpart L--Chemlcal Cartrlda• ltesplraton 

11.lllO Chemical cartridge respirators; 
description. 

11.161 Chemical cartridge resplraton; 
required oomponents. 

11.182 cartridges In parallel; resllltance 
requlrementa. 

11.158 C&rtrldgea; color and marktnp; 
requirements. 

11.lM Plltera used with chem1ccal cart-
rldgea; location; replacement. 

11.188 Breathing tubes; minimum re-
quirements. 

11.158 H.arneues; Installation and con-
struction; minimum require­
ments. 

11.167 Respirator containers; minimum 
requirements. 

11.168 Half-mask !!'II08pleces, full taoe-
pleces, mouthpieces, hooda, and 
helmets; 1lt; minimum require­
ments. 

11.168-1 Pacepleces, hoods, and helmet.a; 
eyepieces; minimum require­
ments. 

11.169 Inhalation and emalatlon valves: 
minimum requirements. 

11.180 Bead harnMHII; minimum re-
quirements. 

U.181 Air velocity and nolae levela; 
hooda and helmets; minimum 
requirements. 
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Sec. 
11.-182 

11.18:1-1 

11.1§..-2 

11.18:HI 

11.162-4, 

11.162-6 

11.l~ 

11.162-7 

11.162-8 

Chemical cartridge respirators; 
performance requirements; gen­
eral. 

Breathing reelatance test; mini­
mum 'requirements. 

Exhalation valve leakage ·test; 
minimum requirements. 

Paceplece test; mtnlmum requtre­
ments. 

,Lacquer and enamel mist tests; 
respirators with filters; mini­
mum requlre}ll8nts; geneml. 

Lacquer mist teat; mtnlmuru re­
quirements. 

Enamel mist test; minimum re­
quirements. 

Dust, fume, and mist tests; res­
pirators with 1llters; minimum 
requirements; general. 

Bench tests; gas and vapor tests; 
minimum requirements; gen­
eral. 

Subpart M--P .. tlcide ltHplraton 

11.170 Pesticide respirators; description. 
11.171 Pesticide respirators; required 

components. 
11.172 Canleters and cartridges In paral-

lel; resllltance requirements. 
11.173 Canisters and cartridges; color 

and ma,-klngs; requirements. 
11.174. l"llters used with canisters and 

cartridges; location; replace­
ment. 

11.176 Breathing tubes; minimum re-
quirements. 

11.176 Harnesses; Installation and con-
struction; mtnlmum require­
ments. 

11.177 Respirator oontatners; minimum 
requtrementll. 

11.178 Half-maslt faoepleces, full face-
pieces, hoods and· helmeta, and 
mouthpieces; 1lt; minimum re­
quirements. 

11.179 Paceplecea, hoods and helmets; 
eyepieces; mlntmum require­
ments. 

11.180 Inhalation and exhalation valves; 
minimum requirements. 

11.1111 Head barn-; minimum re-
quirements. 

11.182 Air velocity and noise levels; 
hoods and helmets; mlntmum 
requirement.I. 

11.188 Peetlclde resplrators~1>erformance 
requirements; general. 

11.188-1 Breathing restst&nce teat; mlnl­
mum requirements. 

11.188-2 Exhalation valve leakage teet; 
m.1nlmum requirements. 

11.188-8 Paceplece teat; mlntmum require­
ments. 

11.188-6 SUlca dust test; minimum re­
qulrementa. 

11.183-3 Lead fume test; mlntmum re­
quirements. 

11.1ss-e Dtoctyl-phthalate test; minimum 
requirements. 

11.183-7 Bench testa; mlntmum requtre­
menta. 

AtrrHOJUTT : The provllllons of thlll Part 11 
lllsued under sections 202(h), llM, and 608 of 
the Pederal Ooal Mine Health and Safety Act 
of 191511 (30 u.s.c. M2(h), 844, ·and 957) and 
38 Stat. 31111, as amended 37 Stat. 881 (30 
U.S.C. 3, 11, and 7). 

Subpart A-General Provisions 
§ I I.I Purpose. 

The pwpose of the regulations con­
tained 1n th1a Part 11 ia: Ca') To establish 
procedures and preacrlbe reqwrementa 
which mwit be met 1n fllin&' applicatiooa 
for Joint approval by the Bureau of Mlnee 

and the National Institute for Occupa­
tional Safety and Health of respirators 
or changes or modifications of approved 
respirators; Cb) to establish a schedule 
of fees to be charged each applicant for 
the inspections,. examinatioos, and test­
ing conducted by the Bureau under the 
provisions of this pa.rt; Cc) to provide for 
the issuance of certificates of approval or 
modifications of certl.flcates of approval 
for respirators which have met the ap­
plicable construction, performance; and 
respiratory protection requirements set 
forth 1n this pa.rt; and Cd> to specify 
minimum requirements and to presorlbe 
methods to be employed by the Bureau 
and by the applicant . in conductlll&' in­
spections, examinations, and tests to 
determine the effectiveness of respirators 
used during entry Into or escape from 
hazardous atmospheres. 

§ ll.2 Approved respirators, 

Ca> Until March 30, .1974, respirators 
or combinations of respirators shall be 
coruildered to be approved for use during 
entry into haza.rdous mine atmospheres, 
escape from . haza.rdous mine atmos­
pheres, or both, where such respirators 
or combinations of respirators are: Cl) 
The same in all respects as those respi­
rators which have been approved after 
meeting the minimum requirements for 
performance and respiratory protection 
set forth in this Pa.rt 11; or <2> fabri­
cated, assembled, or built under any 
approval, or any modiflcatJon thereof, 
issued by the U.S. Bureau of Mines, De­
partment of the Interior, In accordance 
with the schedulee aet fort.h below; and 
C3> ma.lntalned in an approved condi­
tion: 

Cl) Belt-contained Breathing Appa­
ratus, Bureau of Mlnee Schedulee 13, 
March 5, 1919; 13A, January 21, 1930; 
13B, August 12, 1935; 13C, July 9, 1946; 
l3D, ,'3eptember 22, 1956; and 13E. July 
19, 11168. 

Cli) Oas Masks, Bureau of Mines 
Schedule HP, April 23, 1955. 

<Ill> Supplied-air Re8J)lrators, Bureat 
of Mines Schedule 19B, April 19, 1955. 

Civ> Filter-type Dust, Pume, and Mist 
Respirators, Bureau of Mines Schedule 
21B, January 19, 1965. 

Cv> Nonemergency Oas Respirators, 
Bureau of Mines Schedule 23B, August 4, 
1959. 

Cb> After March 30, 1974, respirators 
or comblnationa of respirators shall be 
coruildered to be approved for use during 
entry into hazardous mine atmospheres, 
escape from hazardous mine atmos­
pheres. or both, only where such respi­
rators or combinations of such respira­
tors are: Cl> · The same in all respects as 
those respirators which have been ap­
proved after meeting the minimum re­
quirements for performance and respira­
tory protection prescribed in this Part 
11; and (2) maintained in an approved 
condition. 

§ U.2-I Selection, 61, use, and mainte­
nance of approved respirators. 

In order to 1nsUre the maximum 
amotmt -of respiratory protection, ap­
proved respirators shall be selected, . 
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fttted, used, and me.lntained in accord­
ance with tlle provisions of the Amertcan 
National Standard Practices for Respir­
atory Protection, Z88.2, obta.ina.ble from 
American National Standards Institute, 
Inc., 1.430 Broadway, New Y:ork, NY 
10018. 
§ 11.3 Definitions, 

As used in this part,-
< a> "Air Contamln&tlon Level" means 

the standards of contaminant levels pre­
scrtbed 'by the Secretary of Labor in ac­
cordance with the provisions of the Occu­
pational Safety and Health Act of 1970 
<Public Law 91-596; 84 Stat. 1590> . 

<b> "Applicant" means an individual, 
partnership, company·, corporation, asso­
ciation, or other organization that de­
signs, manufactures, assembles, or con­
trols the assembly of a respirator and 
who seeks· to obtain a certificate of ap-
proval for such respirator. _ 

<c> "Approval" means a certificate or 
formal document issued by the Bureau 
e.nd the Institute stating that an indlvid­
·ual respirator or combination of respi­
rators has met the minimum require­
ments of this Part 11, and that the appli­
cant ls authorized to use and attach an 
approval label to any respirator, respi1·a­
tor container, or instruct-ion card for any 
resp!.rator manufactured or as·sembled 
1n conformance with the plans and spec­
ifications upon which the approval was 
based, as evidence of such approval. 

<d, "Approved" means conforming to 
the minimum requirements of this 
Part 11. 

<e> "Auxiliary equipment" means a 
self-contained breathing apparatus, the 
use of which ls limited in underground 
mine rescue and recovery operations to 
situations where the wearer has ready 
access to fresh air and at least one crew 
equipped with appl'oved self-cont&inPd 
breathing apparatus of 2 hours or longer 
rating, ls in reserve at a fresh-air ba.se. 

<f> · "Bureau" means the U.S. Bureau 
of Mines, Department of the Interior. 

(g) "Compressed breathing gas" 
meana oxygen or air stored ir. a com­
pressed state and supplied to the wearer 
1n gaseous form. 

<h> "Concentration llmits for radio­
nuclides" means the concentration llmits 
set forth in Appendix B, Table 1, Column 
I of Title 10 CFR Part 20. by the Atomic 
Energy Commission. 

(l> "dBA" means sound pressure levels 
in decibels, as measured with the A­
weighted network of a standard sound 
level meter using slow response. 

(j) "DOP" means a homogenous llquid 
aerosol, h&.ving a particle diameter of 
0.3 micrometer, which ls generated by 
vaporization and condensation of dloct-yl 
phthalate. 

<k> "Dust" means a solid mechanically 
produced particle with a · size ranging 
from submicroscopic to macrost:opic. 

(1) RE:splrators "for entrj into and 
escape from" means respiratory devices 
providing protection durlng entry into 
and escape from hazardous atmospheres. 

<m> Respirators "for escape only" 
means resplrr:.tory devicei: providing pro­
tection only during escape from hazard­
ous atm'JSpheres. 
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<n> A "faceplece" or "mouthpiece" ls 
a respirator component designed to pro­
vide a ga.s-tlght or dust-tight flt with the 
face and may include headbands, valves, 
and connections for canisters, cartrtdges, 
filters, or resplrable gas source. 

<o> "Final inspection" means that ac­
tivity carried out on a product after all 
manufacturtng and assembly operations 

.are completed to insure completeness and 
adherence to performance or other speci­
fications, including satisfactory appear­
ance. 

(p) "Fwne" means a solid condensa­
tion particle, generally less than 1 mi­
crometer in diameter. 

(q) "Gas" means an aeriform fluid 
which is in a gaseous state at ordinary 
temperature and pressure. 

Cr) "Hazardous atmosphere" means: 
(1) Any atmosphere containing a toxic 
or disease producing l{as, vapor, dust, 
fume, mist, or pesticide, either immedi­
ately or not immediately dangerous to 
life or health : or (2) any oxygen-defl­
clerit atmosphere. 

<s> A "hood" or "helmet" is a respira­
tor component which covers the wearer's 
head and neck, or head, neck, and 
shoulders, and is supplied with incoming 
·respirable air for the wearer to breathe. 
It may include a headharness and con­
nection for a breathing tu.be. 

<t) "Immediately d·angerous to life or 
health" means conditions that pose an 
immediate threat to life or health or con­
ditions that pose an immediate threat of 
severe exposure to contaminants, such 
as radioactive materials, which are likely 
to have adverse cumulative or delayed 
effects on health. 

<u> "Incoming inspection" means the 
activity of receiving, examining, and ac­
cepting only those materials and parts 
whose quality conforms to specification 
requirements. 

<v) "In-process inspection" means the 
control of prodµcts at the source of pro­
duction and at each step of the manu­
facturing process, so that departures 
from specifications can be corrected be­
fore defective components or materials 
are assembled into the finished product. 

Cw> "Institute" means the National 
Institute for Occupational Safety and 
Health, Department of Health, Educa­
tion, and Welfare. 

<x> "Liquefied breathing gas" means 
oxygen or air stored in liquid form and 
supplied to the wearer in a gaseous form. 

<y> "Mist" means a liquid coµdensa­
tion particle with a size ranging from 
submicroscopic to macroscopic. 

<z> "Not immediately dangerous to life 
or health" means any hazardous atmos­
phere which may produce physical dis­
comfort immediately, chronic poisoning 
after repeated exposure, or a.cute adverse 
physiological symptoms after prolonged 
exposure. 

~aa> "Oxygen deficient atmosphere" 
means an atmosphere which contains an 
oxygen partial pressure of less than 148 
millimeters of mercury < 19.5 percent by 
volume at sea level> . 

(bb) "Pesticide" means Cl) any sub­
stance or mixture of substances <includ­
ing solvents and impurities> intended to 
prevent, destroy, repel, or mitigate any 
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insect, rodent, nematode, fungus, weed, 
or other form of plant or animal life or 
virus, and <2> any substance or mixture 
of substan.ces <including solvents and 
impurlties) intended for use as a plant 
regulator, defoliant, or deslccaint, as de­
fined in the -Federal Insecticide, Fungi­
cide, and Rodenticlde Act of 1947, as 
amended (7 U.S.C. 135-135k>, excluding 
fumigants which a·re applied. as gases or 
vapors or in a solid or liquid form as 
pellets or poured liquids for subsequent 
release as gases or vapors. 

(cc) ''Powered air-purifying respira­
tor" means a device eqµipped with a face­
plece, hocid, or helmet, breathing tube, 
canister, cartrtdge, filter, canister with 
filter, or cartridge with filter, and -a 
blower. 

Cdd> "Radionuclide" means an atom 
identified by the constitution of its nu­
cleus (specified by the number of -pro­
tons Z, number of neutrons N, and en­
ergy, or, alternatively, by the atomic 
number z. mass number A=<N+Z> -. and 
atomic mass) which exists for ·a me.asur­
able time; decays or disintegrates spon­
taneously, emits radfation, and results in 
the formation of new nuclides. 

<ee> "Respirable dust" means a dust 
particle aerodynamically capable of 
reaching the terminal airways of the 
lung. 

<ffl "Respirator" ·means any device 
designed to provide the wearer with 
respiratory protection against inhala­
tion .of a hazardous atmosphere. 

(gg) "Smoke" · means the products of 
incomplete combustion of organic sub­
stances in the fo_rm of solld and liquid 
particles and gaseous products In air, 
usually of sufficient concentration to per­
ceptlblllty obscure vision. 

(hh> "Vapor" means the gaseous state 
of a substance that is solld or liquid at 
ordinary temperature and pressure. 
§ 11.4 Incorporation by reference. 

In accordance with 5 U.S.C. 552(a) <1 >, 
the technical publications to which 
reference ls made 'in this Part 11, and 
which have been prepared by organiza­
tions other than the Bureau of Mines, are 
hereby incorporated by reference and 
made· a part hereof. The incorporated 
technical publications are available fo1 
examination at- Approval and Testing, 
Health and Safety Technical Support 
Center, Bureau of Mines, 4800 Forbes 
Avenue, Pittsburgh, Pa. In addition, 
copies of the Amertcan National Stand­
ard Practices for Respiratory Protection, 
Z88.2, are available tor examination in 
every Coal Mine Health and Safety Dis­
trict and Subdlstrtct Office. 

Subpart B-Appllcation-for Approvnl 

§ 11.10 Application prO<'Nlures. 

Ca> Inspection, examination, and test­
ing leading to the approval of the types 
of respirators cla.s&lfled in Subpart F of 
this pa.rt shall be undertaken by the Bu­
reau only pursuant to written applica­
tions which IJlOOt · the minimum require­
ments set forth in this Subpart B. 

<b> Applications shall be submitted to 
Approval and Testing, Bureau of Mines, 
4800 Forbes Avenue, Pittsburgh, PA 
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16213, and shall be accompanied by a 
check. bank draft, or money order 1n the 
amount epecifled in Subpart C of th1!t 
part payable to the order of the U .B. 
Bureau of Mines. 

<c> Elr:cept as provided in 111.M, the 
examination, inspection. and testi.n. of 
all respirators shall be conducted by AP­
Pl'Oval and Testing, Bureau of Mlnes, 
Pittsburgh, Pa. 15213. 

Cd> Applicants, manufacturers, or 
thetr representatives may visit or com­
municate with Approval and Testing in 
order to discuss the requirements for ap­
proval of any respirator or the prol)06ed 
designs thereof. No che.rge shall be made 
for such consultation and no written re­
port shall be issued to applicants, manu­
facturers, or their representatives by the 
Bureau as a result of such consultation. 
§ 11.11 Contents of application, 

<a> Each application for approval shall 
contain a complete written description of 
the respirator for whleh approval 1s re­
quested together with drawings and spec­
ifications <and lists thereof> showmg 
full deta.lls of construction of the respi­
rator and Of the materials used. Draw­
ings and speciflcations <and-lists thereof> 
shall be submitW m triplicate. 

. Cb) Drawtngs shall be titled, num­
bered, and dated; any revision dates shall 
be shown on the drawings, and the pur­
pose of each revision being sought shall 
be shown cm the drawing or described 
on an attachment to the drawing to 
which it applies. 

<c> Each application for approval shall 
contain a proposed plan for quality con­
trol which meets the mtnlmum require­
ment.a set forth in Subpart E of this part. 

Cd) Each applicatloo shall contain a 
statement that the respirator has been 
pretested by the applicant as prescribed 
in I 11.64, and shall include the results 
of such tests. 

<e> Each application for approval shall 
contain a statement that the respirator 
and component parts submitted for ap­
proval are either <l > prototypes, or <2> 
made on regular production tooling, with 
no operation included which will not be 
incorporated in regular production 
processing. 

§ ll.12 Delivery or respirators by appli­
cant; requirements. 

<a> Each applicant shall, when an ap­
plication ls filed pursuant to 111.10, be 
advised by the Bureau of the total 
number of respirators and component 
parts required for testing. 

Cb) The applicant shall deliver, at his 
own expense, the number of completely 
assembled respirators and component 
parts required for testing, to APPl'OVal 
and Testing, Bmeau of Mines, Pitts­
burgh, Pa. 15213. 

<c> Respirators and i;ompanent parts 
submitted for approval must be made 
from materials specifled in the applica­
tion. 

Cd) One completely assembled respira­
tor approved under the provisions of 
this part may be retained by the Bu­
reau as a laborlltory exhibit, the remain­
ing respirators may be returned to the 
applicant at his own expense, upan writ-
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ten request within 30 days after notice 
of approval. 11 no such request ls made, 
tlre i:espiratora will be disposed of by 
the B1:reau in such manner as it deems 
appropriate. 

<e> Where a respirator falls to meet 
the requirements for approval set forth 
in this part, all respirators and compo­
nents delivered in accordance with this 
section may be returned to the appli­
cant at his own expense, upan written 
request within 30 days after notice of 
disapproval. 11 no such request iB made, 
the respirators will be d1sposed of by 
the Bureau in such manner as it deem .. 
appropriate. 

Subpart C-Fees 
§ 11.20 E x amination, inepection and 

testing or complete reepirator assem­
blies ; fees. 

Except as provided in § 11.22, the fol­
lowing fees shall be charged by the 
Bureau for the examination, inspection 
and testing of complete respirator 
assemblies: 

(a) Belf-contalned breathing ap­
paratua--

(1) Entry and escape, 1 hour or 

IJlOre ------------ · ---- - ·-· 
(2) Entry and escape, lesa than J 

hour - ---·----- -- ------- -(3) Escape only __ __ ____________ _ 

(b) Oaa DlA8b, includlng pesti-
cide ga& IJlMU-

( l) Slngle haze.rd ___ __________ _ _ 

(2) 'l'ype :N--··-·---·---··-·----(c) Supplied·a1r resplraton ____ _ 
(d) Dust, fume and mist reapl-

ra.tors--
(1) Single particulate hazard haV· 

lng an Air Cont&IJltnation 
Level IJlOre than 0.05 m.g./ 
m..• or 2 m.1111on pen.tclee per cubic foot __ ___________ ___ _ 

(2) Co!Jlbinatlon particulate haz­
ard.a having an Alr Cont&IJlt-
natlon Level more than 0.06 
m.g./m.• or 2 m.tlllon pe.r-
ttclee per cubic foot ____ ___ _ 

(S) Particulate hazarda having an 
A1r Contamination Ltmll 
lea than 0.06 m.g./m.• or 2 
m.lllion particlea per cubic 
foot, radon daughters ___ _ 

(4) All dust.a, fumes an..; mJ.sta __ 
(e) ObemtoaJ. cutrtdge reepl.ra.-

tior'B ···------ ----··-- - -- - -(f) Palnt spmy respirators _____ _ 
(g) Pesticide reeplre.ton ••• _____ _ 

.3.600 

2, 760 
2, 000 

l , 100 
4,100 

760 

600 

750 

l, 260 
2,000 

l, 160 
1, 800 
1,800 

§ 11.21 Examin11tion, inspection and 
teeting or re~pirator l'Omponents or 
eubassembliea ; f ces, 

Except as provided in § 11 .22, the fol­
lowing fees shall be charged by the 
Bureau for the examination, inspection 
and testing of the individual respirator 
components or subassemblies: 

(a) Pacepleces . .. ·- ---------· - - - -- WO 
(b) Canlster.11 .. . .. . . ····- --··-- - ·---- 900 
(c) Cartridges -- ·· ·· - ---- - ---- - - - --- 600 
(d) Pllters --- --- - ·- ---- - ---·------ 650 
(e) !loses-------- -- - --·-·-------- 260 
(f) Blowers· - -- -- -------------·-· 260 
(g) llarlesses - - ------- -- - -------- 100 

§ 11.22 Unlisted fers; additional fees; 
payment by applicant prior to ap­
provnl. 

<a> Applications for the examination, 
inspection and testing of complete 

respirator assemblies which are not listed 
in I 11.20, or for the examlnstion. in­
spection, and t;estlng of respirator com­
panent.s or subassemblies which are not 
listed in 111.21; shall be accompanied 
by the following deposits : 

(1) Complete respirator assem-

bly ------------0--------- . 1. 600 
(2) Ee.ch lndivldue.l component or 

subasse!Jlbly --- - · - ···--- ·- 600 

(b) The Bureau reserves the right to 
conduct any examination, inspection, or 
test it deems necessary to determine the 
quality and ,effectiveness of any listed or 
unlisted respirator assembly or respirator 
component or subassembly, and to assess 
the- cost of such examinations, inspec­
tions, or tests against the applicant prior 
to the issuance of any approval for tbe 
respiratory equipment examined, in­
spected; or tested. 

<c> The fees chal"ged for the exami­
nation, inspection, and testing of un­
listed respirator assemblies, unlisted in­
dividual respirator components or sub­
assemblles, and for the additional exam­
ination, inspection, md testing of listed 
respirator assemblies and componer,ts or 
subassemblies ahall be at the rate of 
$100 per day for each man-day required 
to be expended by the Bureau . 

<d> Upon completion of all examina­
tions, inspections, and tests of unlisted 
respirator assemblies or components, or 
follo'Vlng the completion of any addi­
tional examination, irupectiona, or tests 
of listed assemblies, or components or 
subassemblies, including -retesting subse­
quent to disapproval, the Bureau shall 
advise the applicant in writing of the 
total c06t assessed and the additional 
amount, if any, which must be pale! to 
the Bureau as a condition of approval. 

<e> In the event the -amount assessed 
by the Bureau for unlisted assemblies, 
or components or sub8s6emblial iB less 
than the amount of the deposit sub­
mitted in accordance with paragraph <e.> 
of this section, the Bureau ishall refund 
the overpayment upon the lssua.nce of 
any approval or notice of disapproval. 

Subpart D-Approval and 
Disapproval 

§ I 1.36 Certificates or approval; !!(:ope 
or approval. 

(a> The Bure6u and the Institute 
shall issue certificates of approval pur­
suant to the provisions of this subpart 
only for individual, completely as­
sembled respirators which have been 
examined, inspected, and tested, and 
which meet tlie minimwn requlrements 
set forth ia Subparts H through M of 
this part, as applicable. 

Cb) The Bureau and the Institute will 
not issue certificates of approval for any 
respirator component or for any respira­
tor subassembly. 

<c> The Bureau and the Institute 
shall not issue an !nformal notification 
Qf approval. However, if the application 
for approval, submitJted in accordance 
with § 11.11, state~ that the submitted 
respirator and component parts are only 
prototypes, the Bureau will exarrJne, in­
spect, ru,d test such respirator a.nd com · 
ponent parts In accordance with the 
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provisions of this Part 11. If, upon com­
pletion of such exemlnatl.ons, tnspectiODS 
and tests, it 1s found that the prototype 
meets the m.1n1mum requirements set 
forth in this 1)6rt, the Bureau and the 
Institute may inform · the applicant, tn 
writing, of the results of the exe.mina­
tlons, inspections, and tests, and may 
require him to resubmit respirators and 
component 1)6rts me.de on regular pro­
duction tooling, with no operations ln­
clUded which will not be incorporated 1n 
regular production processing, for fur­
ther exe.minatlon, inspection, and test­
ing, prior to issue.nee of the certificate 
of approve.I. 

(d) Applicants required to resubmit 
respire.tors and component parts made on 
regular production tooling, with no 
operation included which will not be 
incorporated in regular production proc­
essing, shall be charged fees 1n accord­
ance with Subpart C of this part. 

§ 11.31 Certificates of approval; con­
tents. 

<a> The certificate of approval -shall 
contain a classification and a description 
of the respirator or combination of 
respirators !:or which it is issued, as 
provided in this part. 

<b> ·The certificate of approval shall 
specifically set forth any restrictions or 
limitations on the respirator's use in 
hazardous atmospheres. 

<c> Each certificate of approval shall 
be accompanied by the drawings and 
speci.fl.cations (and lists thereof> sub­
mitted by the applicant in accordance 
with § 11.11. These drawings -- and 
specifications shall be incorporated by 
reference in the certificate of approval, 
and shall be maintained by the applicant. 
The drawings and specifications listed In 
each certificate of approval shall set forth 
in detail the design and construction 
requirements which shall be met by the 
applicant during commercial production 
of the respirator. 

<d > Each i:ertificate of approval shall 
be accompanied by a reproduction of the 
approval label design to be employed by 
the applicant with each approved 
respirator, as provided 1n § 11 .33. 

<e> No test data or specific laboratory 
findings will accompany any certificate 
of approval, however, the Bureau will re­
lease pertinent test data and specific 
findings upon written request by the ap­
p-:..icant, or as required by statute or 
regulation . 

<f> Each certificate of approval shall 
also contain the approved quality control 
plan as specified in § 11.42. 
§ 11.32 Notice of d isapproval. 

<a > If, upon the completion of the ex­
munations, inspections, and tests re­
~uired to te conducted in accordance 
witr.. the provisions of this part, it 1s 
found that the respirator does not meet 
t he minimum requirements set forth in 
tllis part, the Bureau and the Institute 
shall issue a written notice of disapproval 
to the applicant. 

<b> Each notice of disapproval slic.ll 
be accompanied by all pertlnont data or 
findings with respect to the defects of the 

102 

RULES AND REGULA 110NS 

respirator for which approval was SOU8'ht 
with a vlew to the possible correction of 
any such defects. 

<c> The Bureau and the Institute shall 
not disclose, except to the applicant or 
as required by statute or regulation, any 
data, findings, or otlier lnformatton·wtth 
respect to any respirator for which a 
notice of disappoval 1s issued. 
§ 11.33 Approval label• and markings; 

approval of contentl; uae. 

<a> Full-scale reproductions of ap­
proval labels and markings, and a sketch 
or description of the method of applica­
tion and position on the harness, con­
tainer, canister, cartridge, filter, or other 
component, together with instructions for 
the use and maintenance of the 
respirator shall be su.bmltted to the Bu­
reau and the Institute for approval. 

<b> Approval labels shall bear the 
seals of the U.S. Bureau of Mines e.,nd the 
Department of Health, Education, and 
Welfare, the applicant's name and- ad­
dress, an approval nwnber assigned by 
the Bureau, and, where appropriate, re­
strictions or limitations placed upon the 
use of the respirator by the Bureau and 
the Institute. 

<c> The Bureau shall, where neces­
sary, notify the applicant when addi­
tional labels, markings, or instructions 
will be required. 

Cd> Approval labels and markings 
shall only be used by the applicant to 
whom they were issued. 

<e> Legible reproductions or abbrevi­
ated forms of the label approved by the 
Bureau and the Institute for use on each 
respirator shall be attached to or printed 
at the following locations : 

Respirator type Laue! ty pe Location 

Sell-contained Enti re .. . . . . narness assembly 
hreathlng appa- anti canister 
ratu.s. (where applicable) . 

Oas mask. __ . F.ntire . __ . Mask conta iner 
and canl~ter. 

Supplied-air rospl· EntirP .. •. Respirator container 
rator . or Instruction 

card . 
Oust , rum, . anrl E ntl rP . Res pirator container 

mist resµ inttor. and fil te r r.on-
talner. 

Abbrev!· Fil ters. 
ated . 

Chemlcal-cartrlrlge E:1 li re . Resplrotor r.on-
respirator , lnrlud- tainer. cartridge 
Ing pain t spray <'()ntslner , and 
respira tor. filter containers 

(where a ppll-
rablo) . 

Abhrevl- Cartrid~os and fii . 
ated. ~trs and fi li.er 

conta iners. 
Pestl r i<le rr.svlralor. Entire .. . . . Respirator con-

tainer, and car-
t,·ldge and filter 
containers. 

Abhrevl- C:11rtrldges and 
ated . fil te rs. 

<f> The use of any Bureau and Insti­
tute approv<.1.l label obligates the appli­
cant to whom it Is issued to maintain or 
cause to be maintained the approved 
quality control sampling schedule and the 
acceptable quality level for each charac­
teristic tested, and to assure · that it 1s 
manufactured according to the drawings 
and speciftcattons upoa which ~he certi­
ficate of approval 1s based. 

<tc> Each respirator, respirator com­
ponent, and respiratol' container shall, as 
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required by the Bureau and the Institute 
to assure quality control and proper use 
of the respirator, be labeled distinctly to 
show the name of the applicant, and the 
name and letters or numbers by which 
the respirator or respirator component 1s 
designated for trade purposes, and the 
lot number, serial · number, or approxi­
mate date of manufacture. 
§ 11.34 Revocation of certificates of ap­

proval. 

The Bureau and the Institute reserve 
the right to jointly revoke, for cause, any 
certlflcate of approval issued pursuant to 
the provisions of this part. Such causes 
include, but are not limited to, misuse of 
approval labels and markings, mislead­
ing advertising, violations of section 
109<e> of the Federai-t:~oal Mine Health 
and Safety Act of 1969 <30 U.S.C. 819 
<e> >, and failure to maintain or cause to 
be maintained the quality control re­
quirements of the certificate of approval. 
§ 11.35 Changes or modification of ap-

proved respirators; issuance of mod· 
ification of certificatc of approval. 

Ca) Each applicant may, if he desires 
to change any feature of an approved 
respirator, request a modification of the 
original certificate of approval issued by 
the Bureau and the Institute for such 
respirator by filing an application for 
such modification in accordance with the 
provisions of this section. 

Cb) Applications shall be submitted as 
for an original certificate of approval, 
with a request for a modification of the 
existing certificate to cover any proposed 
change. 

<c> The application shall be accom­
panied by appropriate drawings and 
specifications, and by a proposed quality 
control plan which meets the require­
ments of Subpart E of this part. 

(d) The application for modification, 
together with the accompanying mate­
rial , shall be examined by the Bureau 
to determine whether testing will be 
required. 

<e> The Bureau shall inform the ap­
plicant of the fee required for any addi­
tional testing and the applicant will be 
charged for the actual cost of any exami­
nation, inspection, or test required, and 
such fees shall be submitted in accord­
ance with the provisions of Subpart C 
of this part. 

<f> If the proposed change or modifi­
cation meets the requirements of this 
part, a formal certificate of modifica­
tion will be issued, accompanied, where 
necessary, by a list of new and revised 
drawings and specifications covering the 
change<s> and reproductions of revised 
approval labels. 
§ 11.36 Delivery of changed or modified 

approved respirator. 

An approved respirator for which a 
formal certificate of modification has 
been issued shall be delivered, with 
proper markings and containers, by the 
applicant to the Bureau of Mines, Ap­
proval and Testing, 4800 Forbes Avenue, 
Pittsburgh, PA 15213, as soon as it is 
commercially produced. 
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Subpart E--Quality Control 
§ 11.40 Quality control plans, filing re­

quirement&. 

As a pa.rt of each application for aP­
Pl'GVal or modiflcation of approval sub­
mitbed pursuant to this pa.rt, each appli­
cant shall file with the Bureau and the 
Institute a proposed quality control plan 
which shall be designed to assure the 
quality of respiratory protection pro­
vided by the respirator for which ap­
proval is sought. 
§ 11.41 Quality control plans; contents, 

(a) Each quality control plan shall 
contain provisions for the management 
of quality, including: Cl) · Requirements 
:for the production of quality data. and 
the use of quality control records; <2> 
control of engineering drawings, docu­
mentations, and changes;· (3) control 
and calibration of measuring and test 
equipment; <4> control of purchased 
material to include incoming inspection; 
(5) lot identification, control of proc­
esses, manufacturing, fabrication, and 
a.ssembly work conducted l.n the e,ppli­
cant•s plant; (6) audit of final inspec­
tion of the completed product; and, <7> 
the organizatioJ1al structure necessary to 
carry out these provisions. 

Cb) Each provision for incoming and 
final inspection in the quality con.trol 
plan shall include a procedure for the 
selection of a sample of respirators and 
the components thereof for testing, in 
accordance with procedures set forth in 
Military Standard MIL-STD-105D, 
"Sampling Procedures and Tables for 
Inspection by Attributes," or Military 
Standard MIL-STD-414, "Sampling 
Procedures and Tables for Inspection by 
Variables for Percent Defective," or an 
approved equivalent sampling proce­
dure, or an approved combination of 
sampling procedures. Incoming bulk raw 
material inspection or verification of 
specification, and in-process inspection 
shall be sufficient to ensure control of 
proctuct quality through the manufac­
turing cycle. 

(c) The sampling procedure shall in­
clude a list of the characteristics to be 
tested by the appll~ant or his agent. 

Cd) The characteristics listed in ac­
cordance with paragraph <c> of this sec­
tion shall be classified according to t.he 
potential effect of such defect and 
grouped into the following classes: 

< 1) Critical. A defect that judgment 
and experience indicate is likely to re­
sult in a condition immediately hazard­
ous to life or health for individuals using 
or depending upon the respirator; 

(2> Major A. A defect, other than 
critical, that is likely to result in failure 
t.o the degree that the respirator does 
not provide any respiratory protection, 
or . a defect that reduces protection and 
is not detectable by the user; 

(3) Major B. A defect, other than Ma­
Jor A or critical, that is likely to result in 
reduced respiratory protection, and ia 
detectable by the user; and 

(4) Minor. A defect that is not likely 
to materially reduce the usability of the 
respirator for its intended purpose, or 
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a defect that is a departure from estab­
lished standards and has little bearing 
on the effective use or operation of the 
respirator. 

<e> The quality control inspection test 
method to be used by the applicant or 
his ·agent for each characteristic re­
quired to be tested shall be described in 
detail. 

en Each item manufactured shall be 
100 percent inspected for defects in all 
critical characteristics and all defective 
items shall be rejected. 

Cg> The Acceptable Quality Level 
<AQL) for each major or minor defect 
so classifled by the applicant shall be: 

Cl) Major A. 1.0 percent; 
(2) Major B. 2.5 percent; and 
(3) Minor. 4.0 percent. 
<h> Except as provided in paragraph 

(!) of this section, inspection level n as 
described in MIL-STD-105D, or inspec­
tion level IV as described in MIL-STD-
414, shall be ·used for major and minor 
characteristics and 100 percent inspec­
tion for critical characteristics. 

(i) Subje~t to the approval of the 
Bureau and the Institute, where the 
quality control plan provisions for raw 
material, processes, manufacturing, and 
fabrication inspection are adequate to in­
sure control of finished article quality, 
destructive testing of finished articles 
may be conducted at a lower level of in­
spection than that specified in para­
graph Ch) of this section. 
§ ll.42 Proposed quality control plans; 

approval by the Bureau and the Insti­
tute. 

(a) Each proposed quality control 
pla....'l submitted in accordance with this 
subpart shall be reviewed by the Bureau 
and the Institute to determine its effec­
tiveness ir. insuring the quality of res­
piratory protection provided by the 
respirator for which an approval is 
sought. 

Cb) If the Bureau and the Institute de­
termine that the proposed quality control 
plan submitted by the applicant will not 
insure adequare quality control, the Bu­
reau and the Instit.ute shall require the 
applicant to modify the procedures and 
testing requirements of the plan prior to 
approval of the plan and issuance of any 
certificate of approval. 

(c) Approved quality control plans 
shall constitute a part of and be incor­
porated into any certificate of approval 
issued by the Bureau and the Ini:titutc, 
and compliancP. with si.:ch plans by the 
applicant shall be a condition of ap­
proval. 
s ll .43 Quality eontrol r('eortl,; review 

by the Bureau and the Institute; rev­
ocation of approval. 

Ca> The applicant shall keep quality 
control inspection records sufficient to 
carry out the procedures required in 
MIL-STD-105D or MIL-STD-414, or an 
approved equivalent sampliI,g procedure. 

Cb) The Bureau and the Institute re­
serve the right to hav1:; their representa­
tives inspect the applicant's quality con­
trol test methods, equipment. and rec­
ords, and to interview any employee or 
agent of the applicant in regard to quali-

1 

ty control test methods, equipment, ana 
records. 

<c> The Bureau and the Institute re­
serve t.he right to Jointly revoke, for 
cause, any certificate of approval where 
it is found that the applicant's quality 
control test methods, equipment, or rec­
ords do not insure effective quality con­
trol over the respirator for which the 
approval was issued. 

Subpart F-Classiflcation of Approved 
Respirators; Scope of Approval; At­
mospheric Hcizards; Service Time 

§ 11.50 Types of respirators to be ap-
proved; scope of approval. 

Approvals shall be issued for the types 
of l'espirators which have been classified 
pursuant to this Subpart F, have been 
inspected, examined and tested by the 
Bureau in accordance with the provi­
sions of Subparts O through M of this 
part, ·and have been found to i;irovide 
respiratory protection for fixed periods 
of Ume against the hazards specified in 
such approval. 
§ 11.51 Entry and esenpe, or escape 

only; classification. 

Respirators described in Subparts H 
through M of this part shall be classified 
for use as follows : 

Ca) Entry and escape. Respirators de­
:;igned and approved for use durL>1g entry 
into a hazardous etmosphere, and for 
escape from a hazardous atmosphere; or, 

Cb) Escape only. Respirators designed 
and approved for use only during escape 
from a hazardous atmosphere. 
§ ll.52 Respiratory hazords; clas~ifica­

tion. 

Respirators described in Subparts H 
through M of this part shall be classified 
as approved for use against any or all 
of the following respiratory hazards: 

<a> Oxygen deficiency; 
Cb> Gases and vapors; 
<c> Particles, including dusts, fumes 

and mists; and · 
Cd> Pesticides. 

§ 11.53 Service time; classification. 

<a> Respirators described in Subparts 
H through M of this part shall be classi­
fied, where applicable, as approved for 
use during the following prescribed 
service times: 

Cl> Four hours; 
(2) Three r.ours; 
(3) Two hours; 
(4) One hour; 
(5) Forty-five minutes; 
(6) Thirty minutes; 
(7) Fifteen minutes; 
CB) Ten minutes; 
<9> Five minutes; 
ClO> Three minutes. 
Cb) Other service times may be pre­

scribed by the Bureau and the Institute. 

Subpart G-General Construction and 
Performance Requirements 

§ 11.60 Construction and performance 
requirements; general. 

<a> The Bureau and the Institute shall 
issue approvals for the types of respira­
tors described in Subparts H through M 
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of this part which have met the mini­
mum requirements set forth for such 
respirators 1n this Part 11. 

<b> In addition to the types of respira­
tors speclfted in S1lbpart.a H through M, 
the Bureau and the Institute shall l.ssue 
appro"'.als for other respiratory proter.­
tive devices not speclftcally. described 1n 
this Part 11 suoJect t.o such additional 
requirements as may be imposed 1n ac­
cordance with I 11.63(c). 
§ 11.61 General cont .• uction require­

menl8. 

<a> Respirators will not be accepted 
by the Bureau for examination, inspec­
tion and testing unless they are designed 
on sound engineering and scientific prin­
ciples, constructed of suitable materials 
and evidence good workmanship. 

<b> Respirator compcnents which 
come into contact with the wearer's skin 
shall be made of nonirritating ma~rials. 

Cc> Components replaced during or 
after use shall be constructed of mate­
rials which will not be damaged by nor­
mal handling. 

Cd) Mouthpieces, hoods, helmets, and 
!acepieces, except those employed in sin­
gle-use respirators, shall be constructed 
of materi&.is which wlll withstand re­
peated disinfection a.s recommended by 
the applicant in his instructions for use 
of the device. 

Ce> ·The components of each respira­
tor approved by the Bureau and the In­
stitute for use where permissibility is re­
quired shall meet the requirements for 
permissibility and intrinsic safety set 
forth 1n Part 18, Subchapter D of this 
chapter ·cBureau of Mines Schedule 20) . 
§ 11.62 Component parts; minimum re-

quirements. 

Ca) The component parts of each 
respirator shall be : 

Cl) Designed, constructed, and fitted 
to insure against creation of any hazard 
to the wearer : 

<2> Assembled to permit ea.sy access 
for L'lspection and repair of functlon:i.l 
parts; and 

<3> Assembled to permit easy access 
to parts which require periodic cleaning 
and disinfecting. 

Cb) Replacement parts shall be de­
signed and constructed to permit easy 
installation and to maintain the effec­
tiveness of the respirator. 
§ 11.63 Test requirements ; gennal. 

Ca> Each respirator and respirator 
component shall when tested by the 
applicant and by the Bureau, meet the 
applicable requirements set forth in Sub­
parts H through M of this part. 

Cb ) Where a combination resi:,irator 
Is assembled from two or more types of 
respirators, as described in this part, 
each of the individual respirator types 
which have been combined shall, as 
applicable, meet the minimum require­
ments for such respirators set forth in 
Subparts H through M of trus part, and 
such combination respirators, except as 
specified In § ll.70<bl <2 >, wm be classi­
fied by the type of respirator in the c.:>m­
bination which provides the least pro­
tection to the user. 

104 

RULES AND REGUIATIONS 

<c> In addition to the minimum re­
qul.remer.ts set forth 1n Subparts H 
through M of this part, the Bureau and 
the Institute reserve the right to re­
quire, a.s a further oondit.l.on of approval, 
any additional requirements deemed nec­
essary to establish the quality, effec­
tiveness, and safety of any respirator 
used a.s protection against hazardous 
atmospheres. 

Cd> Where it is determined after re­
ceipt of an application that addit.l.onal 
requirements will be required for ap­
proval, the Bureau will notify the appli­
cant in writing of these additional re­
quirements, and necessary examinations, 
inspections, or tests, stating generally 
the reasons for such requirements, ex­
aminations, inspections, or tests. 
§ 11.64 Pretesting by applicant ; ap. 

proval of test methods by the Bureau. 

<a> Prior to making or filing any ap­
plication for. approval or modiflcatlon of 
approval, the applicant shall conduct, or 
cause.to be conducted, examinations, in­
spections, and tests of respirator per­
formance which are equal to or exceed 
th£; severity of those prescribed in this 
part. 

<bl With the application, the ap!)ll­
cant shall provide a statement to the 
Bureau showing the types and results 
of the examinations, inspections, and 
tests required under paragraph <a> of 
this section and state that the respirator 
meets the minimwn requirements of 
Subparts H through M of this part, as 
applicable. Complete examination, In­
spection, and test data shall be retained 
on file by the applicant and be sub­
mitted, upon request, to the Bureau. 

<c> The Bureau may, upon written 
request by the applicant, proVide draw­
ings and descripti0ns of its test equip­
ment and ot.herwise assist the applicant 
in establishing a test laboratory or se­
curing the serv:ces of a testing agency. 

Cd) The Bureau will not Issue an ap­
proval to the applicant until It has ve.11-
dated the applicant's test results. 
§ 11.65 Conduct of examinations, in­

spections, and teste by the Bureau and 
the Institute: assi~lllnce by applicant: 
obsen·ers ; r<:'corded data ; ;>ublic 
demonstrations. 

Ca l All examinations, inspections, and 
tests conducted pursuant to Subparts H 
through M of this part will be under the 
sole direction and control of the Bureau 
and the Institute. 

Cb> The Bureau and the Institute may, 
as a condition of approval, require . the 
assistance of the applicant or agents of 
the applicant during the assembly, dis­
a.;sembly, or preparation of any respira­
tor o;· respirator component prior to test­
ing or in !.he operation of such eqt:ip­
m.ent du;ing test:ng. 

Cc) Only Bureau and Institute person­
nel, persons assisting the Bureau pur­
suant t-o para.graph <b) of this section, 
and st:cli other persons as are requested 
by the Bureau, the Institute, or the appli­
cant to be observers, shall be present dur­
ing any examination, inspection, o~ test 
conducted prior to the Issuance o! an ap-

... 

6251 

proval by the Bureau and the Institute 
for the equipment under consideration. 

<d> The Bureau and the Inst.1.tute shall 
hold as confidential any analyses, draw­
ings, speclftcations, or materials sub­
mitted by the applicant and shall not dis­
close any principles or patentable fea­
tures of such equipment, except a.s re­
quired by statute or regulation. 

<e> AB a condition of each approval is­
sued for any respirator, the Bureau and 
the Institute reserve the right, following 
the issuance of such approval, to conduct' 
such public tests and demonstrations of 
the approved respiratory equlpment a.s 
Is deemed appropriate. 
§ 11 .66 Withdrawal of applications; re• 

fund of fees. 

<a> Any applicant may, upon a writ­
ten request submitted to the Bureau or 
the Institute, withdraw any application 
for approval of any respirator. 

Cb) Upon receipt of a written request 
for the withdrawal of an application, the 
Bureau shall determine the total man­
days expended and the amount due for 
services ':1.lready performed during the 
course of any examinations, inspections, 
or tests conducted pursuant to such ·ap­
plication. The total amount due shall be 
dewm!ned in accordance with the pro­
visions of § 11.22 and assessed against the 
fees submitted by the applicant. I! the 
total amount assessed is less than the 
fees submitted, the Bureau shall refund 
the balance together with a statement of 
the charges made for services rendered . 

!iubpart H-Self-Contained 
· Breathing Apparatus 

§ 11. 70 Self-contained breathing appa­
ratu~: description. 

<a l Self-contained breathing appara­
tus, including all completely assembled, 
portable, self-contained devices designed 
for use as respiratory protection during 
entry into and escape from or escape or.ly 
from hazardous atmospheres, are de­
scribed a.s follows: 

< l > Closed-circuit apparatt..s. An ap­
paratus of the type in which the exhala­
tion Is rebreathed by the wearer after 
the carbon dioxide has been effectively 
removed and a suitable oxygen concen­
tration restored from sources composed 
of : 

( i) Compressed oxygen: or 
<ii> Chemical oxygen; or 
(iii) Liquid-oxygen. 
<2 ) Open-circuit apparatus. An appa­

ratus of the following types from which 
exhalation Is -vented to the atmosphere 
and not re breathed: 

(i) Demand-type apparatus. An appa­
rat'.15 in which the pressure inside the 
facepiece in relatio.1 to the immediate 
environment is pooitive during exhala­
t,ion and negative during inhalation. 

(ii> Pressure-demand-type apparatus. 
An apparatus in which the pressure In­
side the facepiece 1n relation to the im­
mediate environment ls positive during 
both inhalation and exhala.tlon. 

Cb> The following respirators may be 
classified a.s designed and approved for 
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use during emergency entry into a haz­
ardous atmosphere: A combination respi­
rator which includes a self-contained 
breathing s.pparatus and a Type "C'' or 
Type "CE" supplied air respirator, where 
CU the self-contained breathing appara­
tus l..s classifted for 3-, 5-, or 10-minute 
service time and the air line supply is 
used during entry, or <2> the self­
contained breathing apparatus is classi­
fied !or 15 minutes or longer service 
time and not more than 20 percent of 
the rated capacity of the air supply is 
used during ent ry. 

(c) Self -contained breathing appara­
tus classified for less than 1 hour serv­
ice time will not be approved for _use 
during underground mine rescue and 
recovery operations except as auxil­
iary equipment. 

Cd> Self-contained breathing appara­
tus classlfted for less than 30 minutes• 
service time will not be approved for 
use as aux1Uary equipment during un­
derground mine rescue and recovery 
operations. 

§ 11.71 Self-contained breathing appara­
tus; required components. 

Ca) Each self-contained breathing 
e.ppa.ra.tus described in § 11.70 shall, 
where its design requires, contain. the 
following component parts: 

Cl) Facepiece or mouthpiece, and 
nosecllp; 

<2> Respirable breathing gas con­
talner; 

<3> Supply of respirable breathing 
gas; 

<4> Gas pressure or llquid level gages; 
(5) Timer ; 
(6) Rema.lning. service llfe indicator 

or warning device; 
<7> Hand-operated valves; 
(8) Brel\thing bag; 
(9) Safety relief valve or safety relief 

system; and 
no> Harness. 
Cb> The componen·ts of each . self­

contained breathing apparatus shall 
meet the minimum construction require­
ments set forth in SUbpart O of this 
part. 
§ 11. 72 Breathing uibes; minimum re­

quirements. 

Ca> Flexible breathing tubes qsed in 
conjunction with breathing apph.ratus 
shall be dl?.\ligned and constructed to 
prevent : 

(1 > Restriction of free head move­
ment; 

<2> Disturbance of the flt of face­
pieces and mouthpieces; 

(3) Interference with the wearer's ac­
tivities ; and, 

(4) Shutoff of airflow due to kinking, 
or from chin or arm pressure. 

§ 11 . 73 Harnesses; installation and con­
struction; m inimum requirements. 

<a> Ea.ch apparatus shall, where nec­
e.5SSXY, be equipped with a suitable 
harness designed and constructed to hold 
the components of the apparatus in po­
sition against the wearer's body. 

<b > Harnesses shall be designed and 
constructed to permit easy removal and 
replacement of apparatus parts, and, 
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where applicable, provide for holdiJllf a 
full facepiece 1n the ready position when 
not in use. 
§ 11.74 Apparatus containers; minimum 

requirements. 

<a> Apparatus may be equipped with 
a substantial, durable container bearing 
ma.rkings which show the applicant's 
name, the type and conunercial desig­
nation of the respirator it contains, and 
all appropriate approval labels. 

(b) Containers supplied by the appli­
cant for. carrying or storing self­
contained breathing apparatus will be 
inspected, examined, and tested as com­
ponents of the respirator for which ap­
proval is sought. 

<c> Containers for self-contained 
breathing appars,tus shall be designed 
and constructed to permit easy removal 
of the apparatus. 
§ 11.75 Half-mask facepieces, full face­

pleces, mouthpieces; fit; minimum 
requirements. 

<a> Half-mask facepieces and full 
facepiece6 sha-11 be designed and con­
structed to flt persons with various facial 
shapes and sizes, either (1) by provldin8 
more than one facepiece size, or (2) by 
providing one facepiece size which will 
fit varying facial shapes and sizes. 

<b> Full facepleces shall provide for 
the optional use of corrective spectacles 
or lenses which shall not reduce the 
respiratory protective qualities of the 
apparatus. 

<c> Apparatus with mouthpieces shall 
be equipped with noseclips which are 
securely attached to the mouthpiece or 
apparatus and provide an airtight seal. 

< d > Facepieces shall be designed to 
prevent eyepiece, spectacle, and lens 
fogging. 

§ 11. 76 Facepieces; ey<'pieee~ ; mini­
mum requirements. 

<r.> Facepleces shall be designed and 
constructed to provide adequate vision 
which is not <Ustorted by the eyepiece. 

<b> All eyepieces shall be designed and 
constructed to meet the impact and pen­
etration requirements spe<:jfled in Fed­
eral Speciflcatlon, Mask, Air Line, arid 
Respirator, Afr Filtering, Industrial, 
GGG-M- 125d, October 11. 1965. Tnls 
Federal Speciflcat1on is available from 
the Government Printing Office or the 
General Services Administration. 
§ 11. 77 Inhalation Rnd exhalation 

v1tlves; minimum requirements. 

(a) Inha:ation and exhalation valves 
shall be provided where necessary and 
protected against damage and distortion. 

<h> Exhalation valves shall be: 
< l > Protect~d against external influ­

ence. and 
(2) Designed and constructed to pre­

vent inward leakage of contaminated 
air. 
§ 11. 78 Head ham<'S8<'S; minimum re­

quirements. 

Ca) Facepieces shall be eq111pped with 
adjustable and replaceable head har­
nesses designed and constructed to pro-

vide adequate tension during suspension 
and an even distribution of preS6ure over 
the entire area in contact wtth the face. 

Cb) Mouthpieces shall be equipped, 
where applicable, with adjustable and 
replaceable harnesses designed and con­
structed to hold the mouthpiece in place. 
§ 11. 79 Breathing gas; minimum re-

quirements. 

<a> Breathing gas used to supply ap­
paratus shall be respirable and contain 
no less than 19.5 (dry atmosphere) 
volume percent of oxygen. 

(b) Oxygen, including liquid oxygen, 
shall meet the min1mum requirements 
for medical or breathing oxygen set 
forth in the U.S. Pharmacopeia. 

(c) Compressed, gaseous breathing air 
sliall meet the applicable min1mum 
grade requirements for Type I gaseous 
air set forth in the Compressed Oaa 1.s.:. 
sociation Conunoclity Speclflcatlon for 
Air, 0-7.1 (Grade D or higher quality) . 

(d) Compressed, liquefied breathing 
air shall meet the applicable minimum 
grade requirements for Type II liquid air 
set forth in the Compressed Gas Asso­
ciation Conunodity Speclflcatlon for Air, 
0-7.1 (Grade B or higher quality). 
§ 11.79-1 Interchangeability of oxygcn 

and air prohibited. 

Approvals shall not be issued by the 
Bureau and the Institute for any appa­
rati.lS, combination '>f respirator assem­
blies, or any apparatus or respirator com­
ponent which is designed or constructed 
to permit the interchangeable .use of 
oxygen and air. 
§ 11.80 Compressed breathing gae and 

liquified breathing gas containers; 
minimum requirements. 

<a> Compressed breathing gas and 
liquefied breathing gas containers shall 
meet the min1mum requirements of the 
Department of Transportation for Inter­
state shipment of such containers when 
fully charged. 

Cb) Such containers shall be perma­
nently and legibly marked to identify 
their contents, e.g., compressed breath­
ing air, compressed breathing oxygen, 
liquefied breathing air, or liquefled 
breathing oxygen. 

<c> Containers normally removed 
from apparatus for r~lling shall be 
equipped with a dial indicating gage 
which shows the pressure in the con­
tainer. 

<d> Compressed breathing gas con­
tained valves or a separate charg1n€ 
system or adapter provided with each 
apparatus shall be equipped with outlet 
threads specified tor the service by the 
American National Standard for Com­
pressed Oas Cylinder Valve Outlet and 
Inlet Connections, B57.l <1965) , obtain­
able from American National Standards 
Institute. Inc., 1430 Broadway, NP.w 
York, NY 10018. 

§ 11.81. Gas pressure gages; minimum 
requirements. 

<a.> Gi.s pressure ga(les employed on 
compressed breathing gas containers 
shall be calibrated in pounds per square 
inch. 
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Cb> Llqµid-level gages shall be cali­
brated in fractions of total container 
capacity, or in units of liquid volume. 

<c> Gas pressure gages other than 
those specified in paragraphs <a> and Cb> 
of this section shall be calibrated in: 

( 1 > Pounds per square inch, or 
<2> In fractions of total container 

capacity, or 
(3) Both in pounds per square inch 

inch and fractions of total container 
capacity. 

Cd) Cl> Dial-indicating gages shall be 
reliable to within ± 5 percent of full 
scale when tested both up and down the 
scale at each of 5 equal Intervals. 

(2) The full scale graduation of dial­
indtcating gages shall not exceed 150 
percent of the maximwn rated cylinder 
pressures specified for the container in 
applicable Department of Transportation 
specifications or permits. 

(e) (1) Stem-type gages shall be 
readable by sight and by touch and .;hall 
have a stem travel distance of not less 
than one-fourth inch between each 
graduation. 

<2) A m!nlmum of five graduations 
shall be engraved on the stem of each 
gage and these graduations shall include 
readings ior empty, one-quarter, one­
half,. three-quarters, and full . 

(3) Stem gag~ readings shall not vary 
from true readings by more than one­
sixteenth inch per inch of stem travel. 

(f) The loss of gas through a broken 
gage or severed gage connection shall 
not exceed 70 liters per minute when the 
cylinder pressure is 6,900 kN/rn.• · (1,000 
pounds per square inch gage) or when 
the liquid level is at one-half. 

(g) Where gages are connected to the 
apparatus through a gage line, the gage 
and line shall be capable of beh1g iso­
lated from the apparatus except where 
the !allure of th'! gage or line would not 
impair the performance or service· life 
of the apparatus. 

<h> Oxygen pressure gages shall have 
the words, "Oxygen" and "Use No Oil," 
marked prominently on the gage. 

(i) (1) Apparatus using compressed 
breathing gas, except apparatus cla.asi­
fled for escape only, shall be equipped 
with gages. vii;ibl€ to the wearer which 
L>1cUcate the remaining gas content In the 
container . . 

(2). Apparatus using liquefied breath­
ing gas, except apparatus classified for 
escape only, shall be equipped with gages 
visible to the wearer which indicate the 
remaining liquid content in the con­
tainer; however, where the liquid con­
tent · cannot be · rapidly vented, and the 
service time of the device begins imme­
diately after filling, a timer shall be 
provided in place of fl vi61ble gage. 
§ 11.82 Timers; elapsed time indic~tors; 

remaining service life indicator; min­
imum requirement~ . 

<a> Elapsed time lndlcator.s shall be 
provided for apparatus with a chemical 
oxygen source, except : 

<l> Apparatus used for escape only; 
or, 

<2> Liquefied breathing gas apparatus 
equipped with gages visible to the wearer 
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which indicate the remaining liquid con­
tent in the container. 

<b> The timer or other indicator sha.11 
be accurately calibrated in minutes of 
remaining service life. 

<c> Timers sha.11 be readable by sight 
and by touch during use by the wearer. 

<d> Timers shall be equipped with au­
tomatically preset alarms which will 
warn the wearer for a period of 7 sec­
onds or more after the preset time has 
elapsed. 

Ce) Remaining service-life indicators 
or warning devices shall be provided in 
addition to a pressure gage on ,:om­
pressed gas self-contained breathing ap­
paratus, except apparatus used for 
escape only, and shall operate automat­
ically without preadjustment by the 
wearer. 

Cf) Each remaining service-lile Indi­
cator or warning device shall give an 
alarm when the remaining service life 
of the apparatus is reduced within a 
range of 20 to 25 percent of its rated 
flervice time. 
§ 11.83 Hand-operated valve!; minimum 

requ iremen 18. 

<a> Hand-operated valvee shall be de­
signed and constructed to prevent re­
moval of the stem from the valve body 
during normal usage to Insure against 
a sudden release of the full pressure of 
the container when the valve is opened. 

<b> Valves shall be designed or posi­
tioned to prevent _accidental opening and 
closing, and damage from external 
.forces. 

<c l Valves operated during use of the 
apparatus shall be installed in locations 
where they can be readily adjusted by 
the wearer. 

· <dl Ma:n-line valves, designed and 
constructed to conserve gas in the event 
of a regulator or demand valve failure, 
shall be provided In addition to gas con­
tainer valves, except when such failure 
will not affect performance. 

. <el Hand-operated bypass systems 
designed and constructed to permit the 
we&rer to breathe and to conserve his 
gas supply In the event of a regulator or 
demand valve failure, shall be provided 
where necessary. 

<f> Valves installed on apparatus shall 
be clearly distinguishable from one 
another by sight and touch. 

Cg> The bypass system valve control 
shall be colored red. 

Ch> A main-line or bypass valve or 
system will not be required on apparatus 
for escape only. 

m Safety relief valves or systems, de­
signed and constructed to release excess 
pressure in the breathing circuit, -shall 
be provided on closed-circuit apparatus, 
artd shall meet the following 
requirements: 

<lJ The relief valve or system shall 
operate automatically when the pressure 
In the breathing circuit on the inhala­
tion side of the breathing bag reaches 
13 mm. <one-half Inch) water-column 
height of pressure above the minirr.wn 
pressure required to flll the breathing 
bag, within .the breathing resistance re­
quirement.~ for the apparatus. 
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(2) The relief valve or system shall be 
designed to prevent external atmos­
pheres from entering the breathing 
circQl.t. 

(3) The relief valve or system shall be 
designed to permit manual overriding 
for test purposes and in the event of a 
failure in the valve or system. 
§ 11.84 Breathing bags; minimum re­

quirements. 

<a> Breathing bags shall have suffi­
cient volwne to prevent gas waste during 
exhalation and to provide an adequate 
reserve for Inhalation. 

(b) Breathing bags shall be con­
structed of materials which are flexible 
and resistant to gasoline vapors. 

(c) Breathing bags shall be Installed 
In a location which will protect them 
from damage· or collapse by external 
forces, except on apparatus classified for 
escape only. 
§ 11.85 Self~ontained breathing appa­

ratus; performance requirements; 
general. 

Self-contained breathing apparatus 
and the Individual components of each 
such device shall as applicable meet the 
requirements speotfled in H 11.85-1 
through 11.85-19. 
§ 11.85-1 Component parts exposed to 

oxygen preuures; minimum require­
ments. 

Each applicant shall certify that the 
materials employed in the construction 
of component pa.rts exposed to oxygen 
pressures above atmospheric pressure are 
safe and compatible for their In.tended 
use. 
§ 11.85-2 Compreued gas filters; mini­

mum requiremenl.8, 

All self-contained breat.l).ing apparatus 
using compressed gas shall have a fllter 
downstream of the gas source to effec­
tively remove particles from the gas 
stream . 
§ 11.85-3 Breathing bag test. 

<a> Breathing bags will be tested in an 
air atmosphere saturated with gasoline 
vapor at room temperature (24°-30° C./ 
75"-85° F.> for a continuous period of 
twice the rated time of the apparatus 
(except for apparatus for escape . only 
where the test period shall be the rated 
time of the apparatus). 

Cb) The bag will be operated during 
this test by a breathing machine with 
24 respirations per minute and a m!nute­
volwne of 40 liters. 

<c> A breathing machine cam with a 
work rate of 622 kg.-m,/mln. will be 
used.1 

Cd) The air within the bag(s) shall 
not contain more than 100 parts per mil­
lion of gasoline vapor at the end of the 
test. 

1 SUverman, L ., 0 . Lee, T. Plotkin, L. 
Amory, and A. R. Yancey, Fundamental 
Factora In Design ot Protective Equipment, 
0 .8.RD. Report No. 6732, Issued Apr. 1, 1945. 
Toe dimensions ot the breathing machine 
cam are available from the Bureau upon 
request. 
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I ll.85-4 Weight requirement. 

<a> The completely 888embled and 
fully charged apparatus shall not weigh 
more tha.n 16.kg. (35 PoUnds>; however, 
where the weight decreases by more tha.n 
25 percent of its initial charge weight 
durtng its rated service life, the maxi­
mum allowable weight of a completely 
assembled a.nd fully charged apparatus 
shall be 18 kg. C40 pounds). 

<b> Where an apparatus employs 
equipment which contributes materially 
to the wearer's comfort, e.g., a cooling 
system, the completely assembled and 
fully charged apparatus shall not weigh 
more than 18 kg. (40 pounds> regardless 
of the·decrease in weight during use. 
§ 11.85-5 Breathing re9istance test; in­

halation. 

Ca) Resistance to inhalation airflow 
will be measured in the facepiece or 
mouthpiece while the apparatus is oper­
ated by a breathing machine as de• 
scribed in § 11.85-3. 

<b> The inhalation resistance ot open­
circuit appara.tus shall not exceed 32. 
mm. U.25 inch> water-column height <at a flow rate of 120 llters per minute). 

<c> The inhalation resistance of 
closed-circuit apparatus shall not ex­
ceed the difference between exhalation 
resistance <§ ll.85-6Ce> > and 10 cm. C4 
inches> water-column height. 
§ 11.85-6 Breathing resistance test; ex­

halation. 

<a> Resistance to exhalation airflow 
will be measured in the facepiece or 
mouthpiece of open-circuit apparatus 
with air flowing at a continuous rate of 
85 liters per minute. 

Cb> The exhalation resistance of de­
mand apparatus shall not exc~d 25 mm. 
<l inch> water-column height. 

<c> The exhalation resistance of pres­
sure-demand apparatus shall not ex­
ceed the static pressure in the facepiece 
by more than 51 mm. <2 inches> water­
. column height. 

(d) The static pressure (at zero flow> 
1n the fa.cepiece shall not exceed 38 mm. 
(1.5 inches> water-column height. 

<e> Resistance to exhalation airflow 
will be measured in the facepiece or 
mouthpiece of closed-circuit apparatus 
with a breathing machine as described in 
§ 11.85-3, and the exhalation resistance 
shall not exceed 51 mm. <2 inches) 
water-oolumn height. 
§ 11.85-7 Exhalation valve leakage test. 

<a> Dry exhalation valves and valve 
seats will .be subjected to a suction of 
25 mm. (1 inch> water-column height 
while in a normal operating position. 

<b> Leakage between the valve and 
the valve seat shall not exceed 30 milli­
liters per minute. 
§ I I.85-8 -Gas Aow test; open-circuit ap­

paratus. 

Ca> A static-flow test will be per­
formed on all open-circuit apparatus. 

Cb> The flow from the apparatus shall 
be greater than 200 liters per minute 
when the pressure in the facepiece of 
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demand-apparatus is lowered by 51 mm. 
(2 inches) water-column height when 
full container pressure is applied. 

Cc> Where pressure demand appara­
tus are tested, the flow will be measured 
at zero gage pressure in 'he facepiece. 

Cd> Where apparatus with com­
pressed-breathing-gas containers are 
tested, the flow test shall also be made 
with 3,450 kN/m.• (500 p.s.1.g.> container 
pressure applied. 
§ 11.85-9 Gas flow test; cloJed-circuit 

apparatus. 

Ca> Where oxygen is supplied by a 
constant-flow device only, the rate of 
flow shall be at least 3 liters per minute 
for the entire rated service time of the 
apparatus. 

Cb) Where constant flow is used in 
conjunction with demand flow, the con­
stant flow shall be greater than 1.5 llters 
per minute for the entire rated service 
time. 

<c> All demand-flow devices shall pro­
vide at least 30 llters ot oxygen per 
minute when in the fully open position. 
§ 11.85-10 Service time test; open-cir-

cuit apparatus. 

<a> Service time will be measured with 
a breathing machine as described in 
§ 11.85-3. 

,b> The open-circuit apparatus will 
be classified according to the length of 
time it supplies air or oxygen to the 
breathing machine. 

Cc> The service time obtained on this 
test will be used to classify the open­
circuit apparatus in accordance with 
§ 11.53. 
§ 11.85-11 Service time test; closed-cir­

cuit apparatw. 

Ca) The closed-circuit apparatus will 
be classified according to the length of 
time it supp.lies adequate breathing gas 
to the . . wearer during man test No. 4 
described in Table 4. 

Cb> The service time obtained on man 
test No. 4 will be used to classify. the 
closed-circuit apparatus in accordance 
with I 11.53. 
§ 11.85-12 Test for carbon dioxide in 

inspired gas; open. and cloeed-circuit 
apparatua; maximum allowable 
limib. 

<a> Open-circuit apparatus : 
(1) The concentration of carbon 

dioxide in Inspired gas in open-circuit 
apparatus will be measured at the mouth 
while the apparatus mounted on a 
dummy head ts operated by a breathing 
machine." 

(2) The breathing rate will be 14.5 
respirations per minute with a minute­
volume of 10.5 llters. 

(3) A sedentary breathing machine 
carr. will be used. 

<4) The apparatus will be tested at a 
temperature of 27°±2° c. cso·±s· F.> . 

• XlOOB, !l. J ., &nd J. Lamonica, A Machine­
Teat Method for Meaaurtng Carbon Dioxide In 
the In.spired AJr of Self-Contained. Breathing 
ApparatWI. Bureau of Mlnee Report ot In­
veetlgatlons 6865, 1966, 11 pp. 

(5> A concentration of 5 percent 
carbon dioxide in air will be exhaled into 
the facepiece. 

Cb) Closed-circuit apparatus: 
Cl> The concentration of carbon diox­

ide in inspired gas in closed-circuit 
apparatus will be measured at the mouth 
while the parts of the apparatus con­
tributing to dead-air space are monnted 
on a dummy head and operated by the 
breathing ml\Chine as in paragraphs Ca) 
(1) through (5) of this section. 

<c> DUring the testing required by 
paragraphs Ca> and Cb) of this section, 
the concentration of carbon dioxide in 
inspired gas at the mouth will be con­
tinuously recorded, and the maximum 
average concentration during the inhala­
tion portion of the breathing cycle shall 
not exceed the following limits~ 

M~;mum allowable 
average concentration 

of carbon dtoxfde 
Where the service fa tn..,plred atr, 

ttme '3 : percent by volume 
Not r.1ore than 30 minutes______ ___ __ 2. 5 
1 hour----- - ------------------ -·---- 2 . 0 
2 hcllnl----- -------- ---------------- 1. 5 
3 hollnl----- ------------------------ 1. 0 
~ hours·-------------- -------·- - ---- 1. 0 

~d> In addition to the tests require­
ments for closed-circuit apparatus set 
forth in paragraph Cb> of this section, 
gas samples will be taken rlurinl{ the 
course of the man tests described tn 
Tabl~ 1, 2, 3, and 4. These gas samples 
will be taken ·trom the closed-circuit ap­
paratus at a point downstream of the 
carbon dioxide sorbent, and they shall 
not contain more than 0.5 percent car­
bon dioxide at any time. 
§ ll.85-13 Teets during lo w tempera­

ture operation. 
Ca> The applicant shall specify the 

minimum temperaturt: fo:;· safe opera­
tion and two persons w!ll perform the 
tests described in paragraphs Cc) and 
(d> of this section wearing the appa­
ratus acccrding i;o applicant':; directions . 
At the specified temi:,erature, the appa­
ratus shall meet all the requlremer;. ts de­
scribed in pare.graph (e) of this section. 

<b> The apparatus will ba precooled at 
the specified minimum temperature for 
4 hour11. 

<c> The apparatus will be worn in the 
low temperature chamber for 30 min­
utes, or for the service time of the ap­
paratus, whichever ts less. 

Cd) During the test period, alternate 
1-minute periods ot exercise and rest will 
be required with the exercise periods 
consisting of s~ping onto and off a 
box 21.5 cm. C8Y2 inches> high at 9, rate 
of 30 cycles per minute. 

(e) Cl> The apparatus i.hall fnnction 
satisfactorily at the specified minimum 
temperai.ure on dupUcate tests. 

<2> The wearer shall have sufficient 
nnobscured vision to perform the work. 

(3) The wearer. shall not experience 
undue discomfort because of airflow re­
striction or other physical or chemical 
changes in the operation ot the 
apparatus. 
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m Auxiliary low-temperatul'e parts 
which are commercially available to the 
user may be used on the apparatus to 
meet the requirements described in par­
agraph <e> of this section. 
§ 11.85-14 Man le111: lr1lin1 condi­

tions; general requirt>menls, 

Ca> The man tests described 1n Tables 
1, 2, 3, and 4 represent the workload per­
formed in the mining, mineral, or allled 
Industries by a person wearing the appa­
ratus tested. 

Cb> The $pparatus tested will be worn 
by Bureau personnel trained in the use 
of self-contained breathing apparatus, 
and the wearer will, before participating 
ln these tests, pass a physical examina­
tion conducted by a qualified physician. 

<c> All man tests wlll be conducted by 
the Bureau. 

Cd> The apparatus will be examined 
·before each man test to ensure that It Is 
ln proper working .:>rder. 

Ce> Breathing resistance wUl be meas­
ured within the faceplece or mouthpiece 
and the wearer's pulse and respiration 
rate wlll be recorded during each 2 min­
ute sample period prescribed In tests 
1, 2, 3, and 4. 

Cf> Man tests 1, 2, 3, 4, 5, and 6 will 
be conducted In dupllcate. 

Cg) If man tests are not completed 
through no fault of the apparatus, the 
test will be repeated. 
§ 11,85-15 Man lrsls ), 2, 3, 11nd 4; 

requirements. 

<a> Man tests 1, 2, 3, and 4, set forth 
in Tables 1, 2, 3, and 4 respectively, pre­
scribe the duration and sequence of spe­
cific activities. 'lbese tests will be 
conducted to: 

< 1 > Famlllarlze the wearer with the 
apparatus during use; 

(2> Provide for a gradual Increase In 
activity; 
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(3) Evaluate the apparatus under dl!­
ferent types of work and physical ori­
entation; and 

<•> Provide Information on the op­
erating and breathing characteristics of 
the apparatus during actual use. 
§ 1.1.85-16 Man lrsl 5; rcq11irrmr11IA, 

<a> Test 5 will be conducted to deter­
mine the maximum length of time 
the apparatus will supply the res­
piratory needs of the wearer while he is 
sitting at rest. 

<b> The wearer will manipulate the 
devices controlling the supply of breath­
Ing gas to the advantage of the 
apparatus. 

<c> Samples of inspiration from within 
the apparatus faceplece or mouthpiece 
shall be ta;cen once every 15 minutes, and 
shall meet the minimum requirement for 
oxygen speclfted In§ ll .79<a> of this part. 
and the maximum allowable average 
concentration of carbon dioxide specified 
In § ll.85-12Cc>. 

<d>. One sample of Inspiration wlll be 
taken In t!te case of 3-, 5-, and 10-mlnute 
apparatus. 
§ 1 l'.85-17 Mun lr~I 6: rrquircmrrilA, 

<a> Man test 6 will be conducted with 
respect to liquefied breiithlng gas appara­
tus only. 

1 b > This test wlll be conducted to eval­
uate operation of the apparatus In other 
than vertical positions. 

cc) The wearer will lie face downward 
for orie-fourth the service life of the ap­
paratus with a full charge of liquefied 
breathing gas, and then a one.quarter 
full charge of liquefied breathing gas. 

Cd> The test will be repeated with the 
wearer lying on each side and on his 
back. 

Ce> The oxygen content of the gas sup­
plied to the wearer by the apparatus -will 
be continuously measured. 
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§ 11.85-18 Mun k••I•: 11rrformunc·t• rr.-
1111in•mt•111~. 

(a> The apparatus shnl1 satisfy the 
respiratory requirements of the wearer 
for the classified service time. 

<b> Fogging of the eyepiece shall not 
obscure the wearer's vision, and the 
wearer shall not experience undue dis­
comfort because of flt or other charac­
teristics of the apparatus. 

Cc> When the ambient temperature 
during testing ls 24° ± 6° c. < 75° ± 10° 
F. >, the maximum temperature of In­
spired air recorded du1·lng man tests shall 
not exceed the following, . after correc­
t.ion for deviation from 24° C. <75° F.>: 
··- -··----- ·-· -· - ·- - -

Wlll' rt' ~•· rv lr,• ltr1, 
or " l'l'<tratu~ I~ 

1-i hour or 11•ss . . . . . 
11 hour tn ~-I hour . . . 

I to 2 hours ..... 

3 hour~ . 

4 hollfiil . . 

Wllt'n· l'l'fl't' III Mnxlmum (H• r111ls-
n •lutlv1• ?-il,h· l1•m1"•ml11ro 

humlclll.y o or h1s pln•tl air 
h1!-pln•,t air ~h,)11 11ot l"Xl'Pt•cl 

I• - - .. •i"· ·----· ... _ .-

11-IIMl 
H -rlll 

r.lHIMl 
..... ~. 

r.lHIMI 
H-~I 

:~J-111() 
lh')tl 

:ll)· IIMI 

10 t~. 0 c.;. 

13fi 
125 

11 111 
11~ 

I JO~ 
1111 

11110 
Ill~ 

I !J!, 

~7 
~2 

I ·i:I 
·\ Ii 

· I I .,:, 
I :U< 

;) 
1:,., 

1 Wh~rr J)f' rct•HI n •lallv1• l1111111tllly ,~ r,o 100 nnr1 app:1· 
mtus Is 1lt'Sl5e11rd (or r~rn f){' nuly . 11 11•!-1· maximum \'4' r · 
ml~o,;lhll· h-1111 .. ~rntun•s will ht• hll'lf 'il!'-l 'd hy !,° C . (1 !1° '°. ) . 

§ 11.85-19 Gu~ 1i,:h111r, ~ tr•I; minimum 
rrquiremrnl~. 

<a> Each apparatus will be tested for 
tightness by persons wearing It In an 
atmosphere of 1,000 p.p.m. lsoamyl 
acetate. 

<b> Six persons will each wear the ap­
paratus In the test concentrations spec­
lr..ed In paragraph Ca> of this section 
for 2 minutes and none shall detect the 
odor or taste of the test vapor. 

T .UII.E 1. --- llUIUTltt " AS' D ~£QtlF.SrF. , ,, ~l' f.(JFJ (" AfTIYITlt;~ rOk Tt;1'T l . Is M1st1Tgff 

(30 CFR l'url II , !<uhparl II , l II.II.~, •·t se11 .) 
-------------------------

Sorvlc• lime-
Acllvlt1 ·-------- -- --

15 rnhmtr.a 30 ml nu tea 46 mlnutos I hour 2, 3, and 4 hours a mlnutr.a 6 nilnut,·s 10 mh,utPs 
---

Sampling and reRdlngs ... .. .... .. ........................ . ... ...... . . . 2 2 2 2 Perform I hour 
l•·•l 2, 3, or 4 
limes respet llvrly. 

4 R 12 18 
2 2 2 2 
6 R 12 18 
2 2 2 2 

e 13 16 
2 2 2 

Walks at 4.8 km . (3 miles) !>"r hour........... . ....... . 3 6 3 
Bamplln11 and readings....... .. .. . ..... . ..... . .......... . .. . . . ..... .. ... ... ..... . . 2 
Wall<s at 4.8 km . (3 mllea) per hour.. ..... . .. . .... . ... . . . ...... . ....... . ... ... .. .. . 3 e:~:4i;f:l:!~!:~~~:~~~~:::::::~::::::::::::::::::::::·::::::::::::::::::::::: :: ::::·~·-
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AcUritJ 

RULES AND REGULA110NS 

Till.a 2.-DVLi.!101' ilfD 15SQ'U111'CS or SncirJC AC!ffl'IDI roa Tur 2, DC MDCVna 

(IQ Cl'B Part 11, Subpart H, I 11.811, e& aeq.) 

BemceTtme-

lmlnutel I mlnutel · 10 minutes 16 minutes IO.mlnutel 611 mbi.utea thoor 2,land4hoon • 

Bampllna: and read! ------------------------------------------------------------------ ?-------------- :----· ----- ---- :-------------- :-------------- ~ 
Walb aU.8km. (Im~) perhour-----------·---------------------0

----- himeiii:i _____ 1 Umeiii:i----- 2Ummiii-,---- ·atimeiii:ie ____ 4Umeiiiii ____ lltlmeeln lOmlnutn. 
Carrlee 21 q . (ao pound) 'ftlaht oTer -------------------------------- mlnatee. mlnutel. mlnutea. mlnulee. mlnutea. 

~~L~ir~rn>.i:, =T .... i::::::::::::::-i::::::::::::::T:::::::::::: ~:::::::::::::: L:::::::::::: f:::::::::::::: L:::::::::::: t 

i~!f-s:::-·------:_:::::::::_::::::::::::::::::::::::::::::\'.'.'.:'.'.'.::'.'.:t/:;::/•:: c::::i::::• !••••• ::::::•• t 
Cllmbevenlcaltreadmlll(orequivalent) ________________________ __ __ ________ _________ __ _ ldmeln2 ltlmeelne Ulm•ln8 IIUmeelnlO IIUmealnlOmlnutee. 
Carries 23 q. (60 pound) WeJ&bt onr -------- · ------------- ---- -------------- --- ----- mlnutee. mlnulee. mlnulee. mlnutea. 

t,~~~~l~e95°perbour:---------------------------·----------:-------------- 1.-------------r:::::::::::: t:::::::::::: t:::::::::::: ~CD repeat above Climbs vertical treadmill (or equtvalent),________________________________ --------------·--------------- activities once. 

~~t:~~~ f:~~alent).::::::::::::::::::::::::::::::::_~:::::::::::::::::::::::::::::::::::::::::::::: ?:::::::::::::: t:::::::::::: 
C~: !I· ..I! .. ra=t;!r'i:o:.d I 1-----------------•------------------------··----------------------·------·-·---------------·-,- 2----- -- -------
:~;~ ·!~.;J~116a) per hour. ______ 1 ______________ '-------------------~-----------r-----·-·-·····r------------- k------------- ~---;---···-----

1 Total test time for Teat 2 for 2-hour, a.boar, and -Mioar apparatus 1.12 houn. 
• Treadmill shall be lncllned 111• from Terllcal and operated at a •Plied ol l foot per aeoond. 

Activity 

TJ.BLS a.-DVLlTION J.ND SSQVJ:NCS or SPJ:ar!C ACTIVITIJ:8 roa Tu, a, IN MINVTU 
(JO Ol'R Part 11, Subpart H, I 11,M, et leQ.) 

8erTlce-Um-

lmlnutea II minute. lOmlnutea 111 minute. IOmlnut.a '5mlnutee 1 hoar 2, I and 4 houn • 

E~~1~'1:J:?=:=::::::=i::::::::::::::=i::::::::::::::"E::::::::::::: i:::::::::::::: ~:::::::::::::: t:::::::::::: t:::::::::::: p'£rl=: 
Pulls 20 lq. (411 pound) welcht to II feet __________________ 11 Umea In 1 ---------------- IO Clmel In 2 IO Umea In 2 30 tlmea In 2 eo Umea In e lest No. I !or 1 

ml.Dute. minutes. minutes. minutes. minutes. hour apparatu,. 

~~~~i=-------~-------------: _______________ ! _____ ~ _________ !___: ____ , _____ t ____________ L __________ L __________ _ 
Pulls 201q. (411 p0und> .,, t to II feet---------------------------------- ao .=:C:. 2 ---------------- eo :C:. • eo :::t'S: e eo =-~ o 

~~i~~I~) per hoar--------------------------------·----- _1 _______________ ? ______________ -•-------------- :-------------- f-------------
LIM on back __________ ---____________ .. ___ ---- ______________ ... ____ .. _. ___ . ___ .. ________ . _______________ . _ _ _ _ __ __ __ _ _ _ _ _ 2 __ • _. __ --- _ _ __ t. _ ------------
Bampllna and readtnp ___ _ -------------------------------------- ------------------- --- ------------------ 2--- -- -------- _ 2 ___ • __ -------- 2--------------

• Total test time lor Te.t 3 lor 2-bour, '-boar; and 4-boar apparatus 1.12 boura. 
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T.1.BLS '--DVB.f.TIOJl·.f.J(D S&QtJDCJI or BHanc AcnVJTIEII ros TUT 4, IN MINtJTIII 

cao Cl'R Pan 11, Bubpan H, 111.sa, et aeq.) 

Strv10I time-
Aoth1b' 

I mblatel I mlnutee 10 minute. 1a minute. ao minute. ·.a minute. 1 hour 2houn llhoun 4 hours 

Sampllnc and readtnp .................................................. 2 .••••••••• 2 ••••••••• , 2 ••••• ••••• 2 •••••••••• Perform test Perform test 
No. 1 ror 1· 
hour appara­
tus; then per· 
rorm test 

Perform test 
No. l ror l· 
hour appara· 
tus; then per­
form test 

Walks at 4.8 km. (3 mllea) per hour ••••••••• •••••••.•••.•••••••••••.•.••• l. ........• 2 •••••••••• 2 •••••••••• 2 •••••••••• 
No. 1 ror 80-
mlnute 
apparatus; 
then perform 
test No. 4 
for I-hour 
ai>paratus; 

Climbs vertical tr6admlll • (or 1 ••••••••• 1. .•..•.•.. l.. ··.······ 1. ..•.•.•.. 1. • . ..•. •.. l. .... . .... I. ........ . 
equivalent). 

No. 4 for 1· 
hour appara· 

No. 4 fQr I· 
hour appara­
tus; then per· 
form test 

Walks at 4.8 km. (3 mlles) per hour •••...••..•••• l.... . .. . .. I. .... .. ... I. ......... 2 ..••.••••• 2 •••••••••• 2 .. . •..•••• ~tnJ:~rfrm ~:h~~~~: 
l !or I-hour 
apparatus. 

No. I for I· 
hour appara· 
tus twice (I.e ., 
two one-hour 
tests). 

for 30-mln· 
ute appara· 
tus. 

Pulls 20 kg. ('5 pound) weight to a ............ 30 tlmea 30 times 30 times 60 times 60 times 60 times 
feet. In 2 In 2 In 2 In a In a In a 

minutes. minutes. minutes. minutes. minutes. minutes. 
Walksat4.8km. (3mlles) perhour ••••.••......••.••.•••••••• !. ......... !. ......... !. ....... .. 2 • ••••••••• 3 . •••••....••••...... . ..• . ••.•......•....•••.•• 
Carries 23 kg. (60 pound) welgnt • • . . . . . . . .. . • • . • • • • • • • • • . . . . . • • • . • . . I time In l time In 2 times In 4 times In .. ••..•. . ... . ......•••.•• 

over overcast. I min· l min· 3 min· 8 min· 
ute. ute. utes. utes. 

i!~:J:J::f~:u:ri=~~::::::::::::::::=i::::::::::·:::::::::::.E::::::::: t::::::::: t::::::::: ::::::::::::::::::::::::::::::::::::::::::::::: 
Carrles23kg. (60pound) welghtover •... . .. . ..•.....•• •.•••• I time In I tlmo In 2 times In 4 times In 6 times In 

overcast. l min· l min· 3 min· 6 min· 9 min· 
ute. ute. utea. utes. utes. 

Pulls 20 kg. (46 pound) weight to 6 16 times ••.•...•••. •. . .- ...... . .• 15 times 60 times 30 times 36 times 
feet. In I in I In a in 2 In 3 

minute. minute. minutes . minutes. minutes. 

~.3'~~,~~g/sn~~ci
1~iesiiiei."iiciur::j::::::::::·:::::::::::·i::::::::::.~::::::::::.~:::::::::: t::::::::: t:::::::::::::::::::::::::::::::::::::::::::: 

Pulls 20 kg. (46 pound) weight to 5 •• • ••••••••••••.••••••••• ••• • . . ....•.•• •• ••• •.• •. •. . .•. .... . 60 times 60 times 
feet. · in a In a 

minutes. minutes. 
Carrles20kg. (46pound) wclghtand • . .... . .......... . . . .. . 

walks at 4.8 km. (3 miles) per 
3 .. . •...... 3 . . ..... . .. . . . . . .. .. .. . 

hour. 
Sampllnc and read Ines .••.•. . •••.•••..••••••••.•••.... •. •..• ••.. . .•....•.. •........ •.•..... . .... 2 • ••••• ••• • 

------------------------------------------------------------··-----
• Treadmill shall be lnr.Jlned 16° from vertical and op.,ratl'II ~t a , p,.,cd or"3o cm. (I loot) (}('r second. 

Subpart I-Gas Masks 
§ ll.90 Gas masks; description. 

<a> Gas masks including . all com­
pletely assembled air purifying masks 
which are designed for use as respiratory 
protection during entry into and escape 
or escape only from :1azardous atmos­
pheres containing adeq~te oxygen to 
support life are described as follows: 

( 1 > Front-mounted or back-mounted 
gas mask. A gas mask which consists 
of a full facepiece, a breathing tube, a 
canister at the front or back, a canister 
harness, and associated connections. 

(2) Type "N" front-mounted or back­
mounted gas mask. A gas mask specif­
ically designed to protect against acid 
gases, ammonia, carbon monoxide, or­
ganic vapors, and particulate contami­
nants which consists of a full facepiece, 
breathing tube, a canister at the front 
or back, a canister· harness, and asso­
ciated connections. 

<3> Chin-style gas mask. A gas mask 
which consists of a full facepiece, a can­
ister which is usually attached to the 
faceplece, and associated connections. 

<4> Escape gas mask. A gas mask de­
signed for use during escape only from 
hazardous atmospheres which consists 
of a half-mask facepiece or mouthpiece, 
a canister, and associated connections. 

<b> Gas masks shall be further · de­
scribed according to the specific gases or 
vapors against which they are designed 
to provide respiratory protection, aa 
follows: 

110 

Maximum use 
concentration, per­

cent by volume 

Type ot front-mounted or back-
mounted gas mask: 

Acid gas'·•--------·--·--------- •2 
Ammonia• --------------------- 3 
Carbon monoxide'-·------------- 2 
Organic vapors•.'----------·---- • 2 

Maximum use 
concentration, per­

cent by volume 

Type o! chin-style gas mask: 
Acid gas'·'-----------·--------- • O. 5 
Ammonia -----·---------------- . 15 
Organic vapors•.•- - ------------- • . 15 

Type o! escape gas mask : 

Maximum use 
concentration, parts 

permmlon 

Acid gas 1• '· •---"-------------
1 1,000 

Ammonia•------------------- 15,000 
Carbon monoxide------------- 10,000 
Organic vapors•. '· •----------- 1 15,000 

• Approval may be for acid gases or organic 
vapors 1111 a clau or for specUic acid gases, 
ammonia, or organic vapors. Approval may 
also be granted !or combinations of acid 
gases, orga\llC vapors, and other gases and 
vapors. 

• Not !or use against acid gases or organic 
vapors with poor warning properties or which 
generate high heate of reaction with sor­
bent materials In the can18ter. 

• Suggested maximum wie concentrations 
are lower than these fw some acid gases and 
organic vapors. 

• Eye protection mlly be required In certain 
concentrations of l\cld g&Bes, ammonia, and 
organic vapor6. 

<c> Gas masks for respiratory protec­
tion against gases and vapors other than 
those specified in paragraph Cb) of this 
section may be approved. The applicant 
shall submit a request for approval, in 
writing, to the Bureau of Mines, Approval 
and Testing, 4800 Forbes Avenue, Pitts­
burgh, PA 15213, listing the gas or vapor 
and suggested maximum use concentra­
tion for the specific type of gas mask. 
The Bureau and the Institute will con­
sider the application and accept or reject 
the application on the basis of effect on 
the wearer's health and safety and any 
field experience in use of gas masks for 
such exposures. If the application is ac­
cepted the Bureau will test such gas mask 
in accordance with the requirements or" 
this subpart. 

§ 11.91 Gas masks; required compo· 
nenl9, 

<a> Each gas mask described in§ 11 .90 
shall, where its design requires, contain 
the following component parts: 

Cl> Facepiece or mouthpiece and 
noseclip; 

(2) Canister or cartridge; 
(3) Canister harness; 
<4> External check valve: and 
(5) Bree.thing tube. 
(b) The components of each gas mask 

shall meet the minlmum construction re­
quirements set forth in Subpart a of this 
part. 
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§ 11.92 Canisters and cartridges in par­
allel; re.,istance requirements, 

Where two or more canisters or car­
tridges are used in parallel, their resist­
ance, to airflow shall be essentially equal. 

§ 11.93 Canisters and cartridget1 ; color 
and markings ; requirements. 

The color and markings of all can­
isters a.nd cartridges or labels shall con­
form with the requirements of the Ameri­
can National Standard for Identiflcation 
of Gas Mask Canisters, Kl3.l , obtainable 
from American National Standards Iri­
stltute, Inc., 1430 Broadway, New York, 
NY 10018. 

§ 11.94 Filters used with canisters and 
cartridgee; location; replacement. 

Ca) Particulate matter filters used 1n 
conjunction with a canister or cartridge 
shall be located on the inlet side of the 
canister or cartridge. 

Cb) Filters shall be incorporated in or 
firmly attached to the canister or car­
tridge and each filter assembly shall, 
where appllcable, be designed to permit 
its easy removal. from and replacement 
in the canister or cartridge. 

§ 11.95 Breathing tubes ; minimum re­
quirements. 

Ca) Flexible breathing tubes used in 
conjunction with gas masks shall be de­
signed and constructed to prevent: 

< 1) Restriction of free head move­
ment; 

(2) Disturbance of the flt of !acepieces 
or mouthpieces; 

(3) Interference with the wearer's 
activities; and, 

<t ) Shutoff of airflow due to kinking, 
or from chin or arm pressure. 

§ 11.96 Harne86ee; installatioQ. and con­
struction; minimum requirements. 

Ca) Each gas mask shall, where 
necessary, be equipped with a suitable 
harness designed and constructed t.o hold 
the comPonents of the gas mask in pasi­
tion against the wearer's body, 

Cb) Ha.rne&ses shall be designed and 
constructed to permit easy removal and 
replacement o! gas mask parts, and 
where appllcable, provide !or holding a 
full fa.ceplece in the ready position when 
not 1n use. 

§ 11.97 Gas mask containers; minimum 
requirements. 

Ca) Oas masks shall be equipped with 
a substantial, durable container bearing 
markings which show the appllca.nt's 
name, the type and commercial deslgna.­
tion of mask it contains and all a.ppro­
priate approval labels. 

Cb) Containers for gas masks shall 
be designed and constructed to permit 
easy removal o! the mask. 

§ 11.98 Half-mask facepieces, full face­
pieces and mouthpieces; fit; mini­
mum requirements: 

Ca) Half-mask facepieces and full 
facepleces shall be designed and con­
structed to flt persons with various facial 
shapes and sizes either: Cl) By provid­
ing more than one faceplece size, or C2) 

RULES AND REGULAnONs 

by providing one !acepiece size which 
will flt varying facial shapes and sizes. 

Cb) Full facepleces shall provide for 
optional use of corrective spectacles or 
lenses, which shall not reduce the respi­
ratory protective qualities of the gas 
mask. 

Cc) Half-mask ~acepieces shall not in­
terfere with the flt of common Industrial 
safety spectacles, as determined by the 
Bureau's faceplece tests in § 11.102-3. 

Cd) Gas masks with mouthpieces shall 
be equipped with nosecllps which are 
;;ecurely attached to the mouthpiece or 
ga.s mask and provide an airtight seal. 

Ce) Facepieces shall be designed to 
prevent eyepiece fogging. 

§ 11.99 Facepieces; eyepieces; minimum 
requirements, 

Ca) Full facepleces shall be designed 
and constructed to provide adequate 
vision which Is not distorted by the eye­
piece. 

Cb) All eyepieces shall be designed and 
constructed to meet the Impact and 
penetration requirements specified in 
Federal, Specification, Mask, Alr Line: 
and Respirator, Air Filtering, Industrial, 
GOO-M-125d, October 11, 1965. 

§ 11.100 Inhalation and exhalation 
valves; minimum requirements. 

<a> Inhalation and exhalation valves 
shall be provided where necessary and 
protected against damage and distortion. 

Cb) Inhalation valves shall be designed 
and constructed to prevent excessive ex­
haled air from adversely affecting car­
tridges, canisters, and filters. 

Cc) Exhalation valves shall be pro­
tected against external influence, and 
designed and constructed to prevent in­
ward leakage of contaminated air. 

§ 11.101 Head harnesses; minimum re­
quirements. 

(a) Facepleces shall be equipped with 
adjustable and replaceable head har­
nesses, designed and constructed to pro­
vide adequate tension during use and an 
even distribution of pressure over the 
entire area In contact with the face . 

Cb) Mouthpieces shall be equipped, 
where 11,ppllcable, with adjustable and 
replaceable harnesses designed and con­
structed to hold the mouthpiece in place. 

§ 11.102 Gas masks; performance re-
quirements; general. 

Gas masks and the individual com­
ponents of each such device shall, as 
appropriate, meet the requirements for 
performance and protection specified in 
the tests described in U 11.102-1 through 
11.102-5. 

§ ll.102-1 Breathing re11istance test; 
minimum requirements. 

Ca) Resistance to airftow will be·meas­
ured 1n the faceplece or mouthpiece of a 
gas .mast mounted on a breathing ma­
chine both before and after each test 
conducted 1n accordance with U 11.102-
3, 11.102--<i, and 11.102-5, with air Bow­
ing at a continuous rate of' 85 llters per 
minure 

(b) The maximum allowable resist­
ance requirements for gas masks are as 
follows: 

Mll:IlllU1l R &SIBTANC& 

(mm. water-rolmnn beliht) 

Inhalation 
Type ot eas mask - ----Exha­

Inl- Final I laUon 
Ual 

Front•mounted or back-mounted 
(without particulate l!lter) . •• . •.. . 

Front.mounted or back·mounted 
eo 76 l!II 

(with approved particulate 
filter) .• •. . .... . . . .............. . .. 70 86 l1l 

Chln-etyle (without particulate 
filter) •••••.. .. . . .................. 40 56 l!II 

C~i':,t~t.,\~'.~ .. ~~~~~~~. -~~I:: 86 80 l1l 
ESOBpe (without particulate filter) .. 60 76 l1l 
Escape (with approved particulate 

filter) •••... . . . . .. . ..............•. 70 86 21) 

1 Mearnred at end ot the service llte specllled In Tableo 
6, 6, and 7. 

§ ll.102-2 Exhalation valve leakage 
test. 

(a) Dry exhalation valves and valve 
seats will be subjected to a suction of 25 
mm. water-column height whlle in a 
normal operating position. 

(bl Leakage between the valve and 
valve seat shall not exceed 30 milllllters 
per minute. 
§ 11.102-3 Facepiece tests ; minimum 

requiremen Is. 

(al The complete gas mask will be 
fitted to the faces of persons having . 
varying facia.J. shapes and sizes. 

Cb) Where the applicant specifies a 
fa.ceplece size or sizes for the gas mask, 
together with the approximate measure­
ments o! faces they are designed to flt, 
the Bureau will insure that test subjects 
suit such facial measurements. 

(cl Any gas ma.sk parts which must be 
removed to perform the faceplece or 
mouthpiece flt test shall be replaces.ble 
without special tools and without dis­
turbing the facepiece or mouthpiece flt, 

Cd) The faceplece or mouthpiece flt 
test, using positive or negative ,pressure 
recommended by the applicant and de­
scribed in his instructions will be used 
before each test specifled in pa.re.graph 
Ce) of this section, and in § 11.102-4. 

<el Cl) Each wearer will enter a cham­
ber containing 100 p .p.m. l.soamyl acetate 
vapor for a half-mask fa.ceplece and 1,000 
p,p.m. lsoamyl acetate vapor !or a full 
!aceplece or mouthpiece. 

(2) The facepiece or mouthpiece may 
be adjusted, If necessary, in the test 
chamber before starting the tests. 

C3> Ea.ch wearer will remain in the 
chamber for 8 minutes whlle perform.Jog 
the following activities: 

m Two minutes, nodding and turn­
ing head; 

(11) Two minutes, calisthenic a.rm 
movements; 

<111> Two minutes, running in pla.oe, 
and 

<iv> Two ~ut.es. pumping with a tire 
pump into a 28 llter Cl cubic foot) con­
tainer. 

C4:) Ea.ch wearer shall not detect the 
odor of l.soe.myl acetate during the test. 
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§ 11.102-4 Duat, fume, mi.at, and emoke 
teeu; canieten containing filters; 
0tinimum requiremente. 

<a> Gas mask canlst.ers contain1ng 
fllt.ers for protection against dusts, 
fumes, mists, anci smokes in combination 
with gases, vapors, or gases and vapors, 
will be tested as pre6cribed in I 11.140. 

<b> Gas mask canisters designed for 
protection against smokes will be tested 
in an atmospheric concentration of 100 
micrograms of dioctyl phthalate per liter 
of air at continuous flow rates of (1) 32 
liters per minute, and (2) 85 liters per 
minute for a period of 5 to 10 seconds, 
a.nd the DOP leakage through the canis­
ter shall not exceed 0.03 percent of the 
test concentration. 
§ 11.102-5 Canister benclt lellts; mini­

mum requiremente. 

<a.> <1> Bench tests, except for carbon 
monoxide tests, will be made on a.n ap­
paratus that allows the test atmosphere 
a.t 50±5 percent relative humidity and 
room temperature <25°±2.5° C.> to enter 
the canister continuously at concentra­
tions and rates of flow specified in Tables 
5, 6, and 7. 

(2) Three ::anl.sters will be removed 
from containers and tested as received 
from the applicant. 

(3) Two canisters, other than those 
described l.n para.graph <a> (2) of this 
section, will be equilibrated at room tem­
perature by passing 25 percent relative 
humidity air through them at 64 liters 
per minute for 6 hours. 

C4> Two canisters, other than those 
described in paragraphs Ca) (2) and C3> 
of this sect.ton, will be equilibrated at 
room temperature by passing 85 percent 
relative humidity air through them at 64 
liters per minute for 6 hours. 

C5> The equilibrated canisters will be 
resealed, kept in an upright position at 
room temperature, and tested within 18 
hours. 

<b> Front-mounted and bl:1.Ck-mounted 
ges mask canisters will be tested and 
shall meet the minimum requirements 
set forth in Table 5. 

Cc> (1) Front-mounted and back­
mounted canisters designated as Type N 
canisters shall have a window or other 
indicator to warn the gas mask wearer 
when the canister will no longer satis­
f actortly remove carbon monoxide from 
the inhaled air. 

C2) Other types of front- and back­
mounted canisters may also be equipped 
with a window or other indicator to warn 
of imminent leakage of other gases or 
vapors. 

C3) The window Indicator canllters 
will be tested as regular canisters, but 
shall show a satisfactory indicator 
change or other warning before the 
allowable canister penetration has 
occurred. 

Cd> Chin-style gas mask canisters 
shall meet the ml.nJmum requirements set 
forth in-Table 6. 

Ce> Escape gas mask canisters shall 
meet the minimum requirements set 
forth in Table 7. 
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TilU 8.-CAMITID Blfflt:11 Tuff AX» B.sQ'DIHXB.Ntll IOB. FRONT AllD BACJt·MOVNftD GAi 'M.UJ: CANUTllRI 

(lb CJ'R Pan 11, Subpart I, I 11.lCIM) 

Teet atmosphere Mutmum 
allowable lllnlmum 

Caulater tn,e Teet oondltiou Ou Concentr .. F)cnr Number peuetrr,. aervlce 
or tlon, rat.e, of tlon, life, 

vapor p .p.m. lp.m. &ala p.p.m. llllnutee I 

.A.cldgae . .. ... ... . . .. .Aancelved •• •• .••••• • BO. 20,000 M • I 12 
Ch 20,000 04 a I 12 
N01 20,000 M 8 I 12 

Equilibrated . .. . ..... . 801 20,000 82 ' I 12 
Ch 20,000 32 ' 6 12 
N01 20,000 32 ' 6 12 

Organic vapora . _ ••• • Al received . . .... .... . CCI, 20, 000 M • I 12 
Equilibrated .•.•.••••• cm. 20,000 32 ' II 12 

Ammonia.· · · -··-··· Al received ••• •• ••• ••• NB1 30,000 M a &o 12 
Equilibrated ••.••• • ••• NB1 30,000 82 ' IQ 12 

Carbon monoxide ••• As received • ••.••••• • . CO 20, 000 IM 2 

m 
00 co 6,000 •32 3 6b 

co 3,000 132 a 00 
Type N . . . .. ...... .. As received .•. •• •• . . • • 801 20, 000 M • I 6 

Ch 20, 000 M 3 6 • N01 20,000 M a 6 6 
C'iJ• 20,000 M • I e 
N 1 30,000 M a IQ II 
co 20,000 IM 2 ~ 00 
co 5,000 •32 a 00 
co 8,000 132 a (") 00 

Equilibrated . ••• • ••.. • 801 20, 000 32 ' I 6 
Ch 20,000 32 ' I 6 
N01 20,000 32 ' I 6 
CCI, 20, 000 32 ' 6 6 
NBt 30,000 32 .. IO 6 

• Minimum life will be determined at the Indicated penetration. 
1 Rel&tlvo humidity of teat atmosphere will be 91:1:3 percent; temperature of wt atmosphen, w1ll be 21:c1 .. C. 
• Mulmum allowable CO penetration will be 386 cc. dw1ng the mlnlmum lite. Tbe penetration 1ball not uoeed 

IOO p .p.m. during this time. 
• Relative humidity of teat atmcephere will be 95:!::3 percent; temperature of teat atmosphere entertnc the test 

11.xture will be 0+2.1° c.-0" c. 

TABLE 6.-CANJSUB BENCH TB.Bff AND RZQUIBB.V:ENTS FOB. CmN,BffLJ: OJ.I MAIi: CANISUU 

(IO CFR Part 11, Subpart I, 111.10'2-5) 

Teat atmosphere Muimnm 
------------ Number allo'll'able 

Canlater type Test condition Oas 
or 

vapor 

Acldgae ••.•. •.. •• •• • .A.arecetnd . . . . ... . .. . 801 
Ch 
NO, 

Equilibrated . .•.•..•.• BO, 
Ch 
N01 

Organic vapors .. . ... A.arecelved •••. •. •.• •• CCI, 
Equilibrated . . • • . ••. •• CCI, 

Ammonia. · · · · --- ·· · .A.a received.·· -· ·- -··· NB, 
Eqnlllbrated •••••••. •• NBa 

Conoenlra· 
tion, 

p.p.m. 

6, 000 
6,000 
6,000 
6,000 
6, 000 
1, 000 
5,000 
6,000 
6,000 
6,000 

• Minimum life will be determined at the Indicated penetration. 

FJo,r 
rate, 

l .p .m. 

114 
M 
114 
82 
32 
32 
M 
32 
M 
32 

or penetr.. 
&ala tlon, 

p .p.m. 

a I 
3 I • I 

' 6 

' I 

' I 
8 I 

' I 
3 IO 

' IQ 

TABLI: 7.-CJ.NISTER BENCH Tun AND RIIQ'l7DIJ:V:J:NT8 IOB EIICAH GAi M.i.n CJ.NJSftU 

(80 CFR Part 11, Subpart I, I ll.10~ 

Teet atmoephere Mu!mum 
Number allowable 

Caulater type Teat condition Gu Concentra· Flow or peuetr .. 
or tlon, rate, test, lion, 

vapor p.p.m . Lp.m. p .p .m . 

.A.eld pa ..... . ..... . . .A.a recetnll •• •• ••••••• so, 6,000 M a s 
Ch 1,000 64 • I 
N01 }.000 M 3 6 

Equilibrated •• • _. - -·· eo, ,000 32 ' 6 
Ch B,000 32 ' a 
N01 8,000 32 ' I 

Oraanlc vaponi .... . . Al received • • • •• •••••• CCI, 8,000 64 a s 
Equill brated ••• •.••. •• CCI, a,ooo 32 ' I 

Ammonia. . . .. . ...... Al reoelved •• • • ••• •• •• NHa 6,000 M • liO 
Equilibrated ...... ··- . NB, 5,000 32 ' IIO. 

Carbon monos:lde . ... As received .. .. ..... . . co 10,000 •a2 2 

r.l co a,ooo 132 • co 3,000 132 • 

Minimum 
aervloe 

We, 
minutes I 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

Mtnlmum 
Nrvloe 

mi!~~. 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 . eo 
ti() 
eo 

1 Minimum life w1ll be determined at the Indicated penetration. 
• Relative humidity or teat a tmoepbere will be 96:l::J peroent; temperature or teat atmoephen will be 2Sz2I c. 
• Mulmum allowable CO penetration w1ll be 38ll co. dmtnc the mlnlmum We. The pmetratlon lhall not a-4 

IOO p.p.m. dw1111 thll ttme. 
• II elllnent wmperature uceeda 100" C. dlll1Da lhll teet, the eecape pa muk lhal1 be eqatpped with 11D .recuve 

bMt exchanger. 
• Relative humidity or teat atmosphere will be 98:1:1 percent; temperatun of &eat atmOll)bert 111tertn, UM &eat 

11.xture will be o+2.6° c.-0" c. 
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Subpart J-Supplied-Air Respirators 
§ ll,110 Supplied-air respirators; de­

scription, 

<a> Supplied-air respirators, including 
all completely assembled respirators de­
signed for use as respira.torJ protection 
dtn1:ng entry into and escape from 
hazardous atmospheres are described as 
follows: 

C 1) Type "A" supplied-air respirators. 
A hose mask respirator, for entry into 
and escape from hazardous atmospheres, 
which consists of a motor-driven or 
hand-operated blower that permits the 
free entrance of air when the blower is 
not operating, a strong large-diameter 
hose haVing a low resistance to airflow, a 
harness to which the hose and the life­
line are attached and a tight-fitting 
facepiece . 

C2) Type "AE" supplied-air respira­
tors. A Typa "A" supplied-air resplra.t.or 
eqUipped with addltiona.l devices designed 
to protect the wearer's head and neck 
against impact and abrasion from re­
bounding abrasive material, and with 
shielding material such as plastic, glass, 
woven wire, sheet metal, or other suitable 
material to protect the window<s> of 
facepieces, hoods. and helmets which do 

' not unduly interfere with the wearer's 
vision and permit easy access to the ex­
ternal surface of such window<s> for 
cleaning. 

C3) Type "B" supplied-air respirators. 
A hose mask respirator, for entry into 
and escape from atmospheres not im­
mediately dangerous to life or health, 
which consists of a strong large­
diameter hose with low resistance to air­
flow through which the user draws 
inspired air by means of his lungs alone, 
a harness to which the hose is attached, 
and a tigh t-fitting faceplece. 

C4) Type "BE" supplied-air respira­
tors. A type " B" suppiied-air respirator 
eqUipped ·with additional devices de­
signed to protect the wearer's head and 
neck against impact and abrasion from 
rebounding abrasive material, and with 
shielding :material such as plastic, glass, 
woven wire, sheet metal, or other suit­
able material to protect the windowCs) 
of facepl..e-ces, h coo.s, and helmets which 
do not unduly in terfere with the wearer's 
vision and ;:>ermit easy access to the 
external surface of such window<s> for 
cleaning. 

C5) T11pe "C" supplied-air respirators . 
An airline respirator, for entry into and 
escape from atmospheres not immedi­
ately dangerous to life or health, which 
consists of a source of respirable breath­
ing air, a hose, a detachable coupling, 
a control valve, orifice, a demand valve 
or pressure demand valve, an arrange­
ment for attaching the hose to the 
wearer, and a facepiece, hood , or helmet. 

C6> Type " CE" supplied-air respira­
tors . A type "C" supplied-air respirator 
equipped with additional devices de­
signed to protect the wearer's head and 
neck against Impact and abrasion from 
rebounding abrasive material, and with 
shielding material such as plastic, glass, 
woven wire, sheet metal; or other suit­
able material to protect the window<s> 
or fa.cepieces, hoods, and helmets which 
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do not unduly interfere with the wearer's 
vision and permit easy access to the ex­
ternal surface of such window<s> for 
cleaning. 
§ 11.111 Supplied-air respirators; re­

quired components. 

Ca> Each supplied-air respirator de­
scribed in § 11.110 shall, where its design 
requires, contain the following compo­
nent parts : 

(1 > Facepiece, hood, or helmet; 
<2> Afr supply valve, orifice, or de­

mand or pressure-demand regulator; 
<3> Hand · operated or motor driven 

air blower; 
(4) Air supply hose; 
(5) Detachable couplings; 
(6) Flexible breathing tube; an!i 
(7) Respirator harness. 
Cb) The component parts of ea.ch 

supplied-air respirator shall meet the 
minimum construction requirements set 
forth in Subpart G of this part. 
§ 11.112 Brea tliing tubes ; minimum re• 

quirements. 

Ca) F.lexible breathing tubes used in 
conjunction with supplied-air respirators 
shall be designed and constructed to 
Ift"event: 

(1 > Restriction of free head move­
ment; 

(2) Disturbance of the flt of facepieces, 
mouthpieces, hoods, or helmets; 

C3> Interference with the wearer's ac­
tivities; and 

<4> Shutoff of airflow due to kinking, 
or from chin or arm pressure. 
§ 11.113 Harnesses ; installation and 

construction; minimum require­
ments. 

<a> Each supplied-air respirator shall, 
where necessary, be equipped with a 
suitable harness designed and con­
structed to hold the components of the 
respirator in position against the wear­
er's body. 

Cb> Harnesses shall be .designed and 
constructed to permit easy removal and 
replacement of respirator parts, and 
where applicable, provide for holding a 
full facepiece in tho ready position when 
not in use. 
§ 11.114 Respirator containers; mini­

mum requirements. 

Supplied-air respirators shall be 
equipped with a substantial, durable con­
tainer bearing markings which show the 
applicant's name, the type and commer­
cial designation or the respirator It con­
tains, and all approi,riate approval labels. 
§ 11.115 Half-mask lacepieces, lull 

facepieces, hoods, and helmets; fit; 
minimum requirements. 

Ca> Half-mask facepleces and full 
facepleces shall be designed and con­
structed to flt persons with various facial 
shapes and sizes either Cl) by providing 
more than one !acepiece size, or C2) by 
providing one facepiece size which will 
flt varying facial shapes and sizes. 

<b> Full facepieces shall provide for 
optional use of corrective spectacles or 
lenses, which shall not reduce the res­
piratory protective qualities of the 
respirator. 

<c> Hoods and helmets shall be de­
signed and constructed to fit persons 
with various head sizes, provide for the 
optional use of corrective spectacles or 
lenses, an(l insure against any restriction 
of movement by the wearer. 

(d) Facepieces, hoods, and helmets 
shall be designed ·to prevent eyepiece 
fogging. 
§ 11.116 Facepieces, hoods, and hel­

mets; eyepieces; minimum require­
ments, 

Ca> Facepleces, hoods, and helmets 
shall be designed and constructed to pro­
vide adequate vision which is not dis­
torted by the eyepiece. 

Cb> All eyepieces except those on 
Types B, BE, C, and CE supplied-air 
respirators shall be designed and con­
structed to meet the impact and pene­
tration requirements specified in Federal 
Specification, Mask, Air Line, and Res­
pirator, Air Filtering, Industrial OOO­
M-125d, October 11, 1965. 

Cc> Cl) The eyepieces of AE, BE, and 
CE type supplied-air respirators shall be 
shielded by plastic, glass, woven wire, 
sheet metal, or other suitable material 
which does not interfere with the vision 
of the wearer. 

C2> Shields shall be mounted and at­
tached to the faceplece to provide easy 
access to the external surface of the eye­
piece tor cleaning. 
§ 11.117 Inhalation and exhalation 

valves; check valves; minimum re­
quirements. 

<a> Inhalation and exhalation valves 
shall be providea where necessary and 
protected against distortion. 

Cb> Exhalation valves shall be : 
Cl> Protected against damage and ex­

ternal influence; and 
<2> Desighed and constructed to pre­

vent inward leakage of contaminated air. 
<c> Check valves desig{led and con­

structed to allow airflow toward the face­
piece only shall be provided in the con­
nections to the faceplece or in the hose 
fitting near the faceplece of-all Type A, 
AE, B, and BE supplied-air respirators. 
§ 11.118 Head harnesses ; minimum re-

quirements, 

Facepleces shall be equipped with ad­
justable and replaceable head harnesses 
which are designed and constructed to 
provide adequate tension during use, and 
an even distribution of pressure over the 
entire area in contact with the face. 
§ 11.119 Head and neck protection; sup­

pli<e<l-air respirators; minimum re­
quirements, 

Type AE, BE, and CE supplied-a.tr 
respirators shall be designed and con­
structed to provide protection -against 
Impact and abrasion from rebounding 
abrasive materials to the wearer's head 
and neck. 
§ 11.120 Air velocity and noise levels; 

hoods and helmets; minimum re­
quirements. 

Noise levels generated by the respira­
tor will be measured inside the hood or 
helmet 11.t maximum airflow obtainable 
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within pressure and hose length require­
ments and shall not exceed 80 dBA. 
§ U.121 Breathing gas; mint.um re­

quirements. 
(a) Breathing gas used to supply IIUP­

pl1ed-a1r respirators shall be respirable 
breathing alr and contain no less than 
19.5 volume-percent of oxygen. 

<b> Compressed, gaseous breathing air 
shall meet the applicable minimum grade 
requirements for Type I gaseous air set 
forth in the Compressed Oas Associa­
tion Commodity Speclfl.cation for Air, 
0-7.1 <Grade Dor higher quality). 
. <c> Compressed, liquefied breathing 
air shall ·meet the. applicable minimum 
grade requirements for Type II liquid 
air set forth 1n the CQmpressed Gas 
.Association Commodity Speclfl.cation for 
Air, 0-7.1 <Grade B or higher quality>. 
§· ll.122 Air AUpply Aource; hand-oper-

aled or motor driven air blower11; 
Type A rupplied-air respirators ; min­
i.mum requiremenlll. 

<a> Blowers shall be designed and 
constructed to deliver an adequate 
amount of atr to the wearer with either 
direction of rotation, unless constructed 
to pennit rotation in ·one direction only, 
and ·to permit the free entrance of air 
to the hose when the blower is not 
operated. 

<b> No multiple systems, whereby 
more than one user ls supplied by one 
blower, will be approved, unless each hose 
line ls connected dir~ctly to a manifold 
at the blower. 
§ 11.123 Terminal fittings or chambers; 

Type B supplied-air rellpiralors; min­
imum requirements. 

<a> Blowers or connections to air 
aupplies providing positive pressures shall 
not be approved for use on Type B sup­
plied-air respirators. 

(b) Terminal flttin~ or chambers 
employed in Type B supplied-air respi­
rators, shall be: 

< 1 > Installed in the inlet of the hose; 
<2 > ~leslgned and constructed to pro­

vide for the drawing of air through cor­
rosion resistant material arranged so as 
to be capable of removing material larger 
than 0.149 mm. in diameter <149 mi­
crometers, 100-mesh, U.S. Standard 
sieve>. 

<3> Installed to provide a means for 
fastening or anchoring the fitting Ol 
chamber in a fixed position In a zone of 
resplrable air. 

§ 11.124 Supplied-air respirators; per­
formance requirements; general. 

Supplied-atr respirators and the in­
dividual components of each such device 
shall, as appropriate, meet the require­
ments for performance and protection 
specified in the tests described in 
U 11.124-1 through 11.124-24. 

§ l l.124-1 Hand-operated blower test; 
minimum requirements. 

(a) Hand-operated blowers shall be 
tcstoo. by attaching them to a mechanical 
drive and operating them 6 to 8 hours 
dally for a 'period of 100 hours at a speed 
necessa~ to deliver -50 liters of air per 
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minute through each completelf as­
sembled respirator. Each respirator shall 
be equipped with the maximum length of 
hose with which the device is to be ap­
proved and the hose shall be connect.ed 
to each blower or manifold outlet de­
signed for hose connecttollB. 

Cb) The crank speed of the hand­
operated blower shall not exceed 50 
revolutlons per minute 1n order to de­
liver the required . 50 liters of air per 
minute to each facepiece. 

<c) The power required to deliver 50 
liters of air per minute to each wearer 
through the maximum length of hose 
shall not exceed one-fl.ftieth horsepower, 
and the torque shall not exceed a force 
of 2.3 kg. (5 pounds> on a 20 cm. (8-inch) 
crank, as defined In § 11 .124-3. 

<d> The blower shall operaoo through­
out the period without failure or indica­
tion of excessive wear of bearings or 
other working parts. 
§ 11.124-2 Motor-operated hiower tesl; 

minimum requiremenlll. 

<a> Motor-operated blowers shall be 
tested by operating them at their speci­
fied running speed 6 to 8 hours daily for 
a period of 100 hours when assembled 
with the kind and maximum length o, 
hose for which the device Is to be ap­
proved and when connected to each 
blower or manifold outlet designed for 
hose connections 

<b> The connectl6n between the motor 
and the blower shall be so constructed 
that the met.or may be disengaged from 
the blower when tha blower ill operated 
by hand. 

(c) The blower shall operate through­
out the period without failure or indica­
tion of excessive wear of bearings or 
other working parts. 

(d> Where a blower, which is ordi­
narily motor driven, is operated by hand, 
the power required to deliver 50 liters of 
air per minute to each wearer through 
the maximum length of hose shall not 
exceed one-flftiP.th horsepower, and the 
torque shall not exceed a force of 2.3 kg. 
(5 pounds) on a 20 crn . <8-inch> crank, 
as defined in § 11 .12-i--3. 

<e> Where the respirator is assembled 
with the facepiece and 15 m. <50 feet> 
of the hose for whi~h it is to be approved, 
and when connected to ·one outlet with 
all other outlets cloooo and operated at 
a speed not exceeding 50 revolutions of 
the crank per minute, the amount of alr 
delivered into the respiratory-Inlet cov­
ering shall not exceed 150 llters per 
minute. 

§ 11.124-3 Method of me1111uring the 
power and torque required to operate 
blowers, 

As shown In Figure 1, the blower crank 
is replaced by a wooden drum, a <13 cm. 
(5 inches> in diameter is convenient). 
This drum is wound with about 12 m. <40 
feetl of No. 2 picture cord, b. A weight, c, 
of sufficient mass to rotate the blower 
at the desired speed is suspended from 
this wire cord. A ma,k is made on the 
cord -about 3 to 4.5 m. <10 to 15 feet) 
from the weight, c. Another mark is 
placed at a measured dist!ll'lce <6-9 m./ 
20-30 feet is convenient> from the first. 
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These are used to facilitate timing, '.l'o 
determine the torque or horsepower re­
quired to operate the blower, the drum 
is started 1n .rotatim manually at or 
slightly above the speed at which the 
power measurement Is to be made. The 
blower la then permitted to assume con­
stant speed, and then as the ftrst mark 
on the wire leaves the drum, a stopwatch 
is started. The watch is stopped when 
the second marlt leaves the drum. From 
these data the foot-pounds per minute 
and the torque may be calculated. 
§ 11.124-4 Type B rupplied-'air respira­

tor; minimum requirements. 

No Type B supplied-air respiratnr 
shall be approved for use with a blower 
or with connection to an air supply de­
vice at PoSitive pressures . 
§ 11.124-5 Type C supplied-air respira­

tor, conlinuous flow class; minimum 
requirements. 

(a) Respirators tested under this sec­
tion shall be approved only when they 
supply respirable air at the pressures 
and quantities required. 

Cb) The pressure a.t the inlet of the 
hose connection sha.11 not exceed 863 
kN/m1

• 025 pounds per square inch 
gage> . 

Cc> Where the pressure at any point 
in the supply system exceeds 863 kN/m.1 

<125 pounds per square inch gage), the 
respirator shall be equipped with a pres­
sure-release mechanism that will prevent 
the pressure at the hose connection from 
exceeding 863 kN/m.1 <125 pounds per 
square inch gage) under any conditions. 
§ ll.1Z4-6 Type C supplied-air re11pira-

&er, demand and pressure demand 
clHs; mini.mum requirements. 

<a> Respirators tested under this sec­
tion shall be approved only when used to 
supply respirable air at the pressures a.'ld 
quantities required. 

<b> The manufacturer shall specify 
the range of air pressure at the point of 
attachment of the air-supply hose to the 
air-supply system, and the range of hose 
length for the respirator. For example, 
he might specify that the respirator be 
used with compressed air at pressures 
ranging from 280-550 kN /m.1 < 40 to 80 
pounds per square inch> with from 6 to 
76 m. (15 to 250 feet) of air-supply hose. 

(c> The speclfl.ed air pressure at the 
paint of attachment of the hose to the 
air-supply system shall not exceed 853 
kN/m.1 <125 pounds per square inch 
gage> . 

<d) <1) Where the.pressure fn the air­
supply system exceeds 863 kN /m.1 < 125 
pounds per square inch gage), the res­
pirator shall be equipped with a pres­
sure-release mechanism that will pre­
vent the pressure at the point of attach­
ment of the hose to the air-supply sys­
tem from exceeding_ 863 kN/m.1 <121> 
pounds per sque.re inch gage) . 

<2> The pressure-release mechanism 
sha.11 be set to operate at a pressure not 
more than 20 percent above the manu­
facturer's highest specified pressure. For 
example, if the highest specified pres­
sure is 863 kN /m.1 025 pounds per square 
inch) , the pressure-release mechanism 
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would be set to operate at a maximum of 
1,035 kN/m.• <150 pounds per square 
inch>. 

§ 11.124-7 Air-supply line lesls; mini­
mum requirements. 

A1r supply lines employed on Type A, 
Type B, and Type C supplied-air respi­
rators sha11 meet the minimum test re­
quirements set forth in Table 8. 
§ 11.124-8 Harness lesl; minimum re­

quiremenl!I. 

<a> Cl> Shoulder straps employed on 
Type A supplied-air respirators shall be 
tested for strength of material, joints, 
and sea.ms and must separately with­
stand a. pull of 113 kg. <250 pounds> for 
30 minutes without failure. 

<2> Belts, rings, and attachments for 
life lines must withstand a pull of 136 
kg. <300 pounds> for 30 minutes without 
failure. 

<3> The hose shall be firmly attached 
to the harness so as to withstand a pull 
of 113 kg. (250 pounds> for 30 minutes 
without separating, and the hose at­
tachments shall be arranged so that the 
pull or drag of the hose behind a.n ad­
vancing wearer does not disarrange the 
harness or exert pull upon the facepiece. 

(4> The arrangement and suitability 
of all harness accessories and fittings will 
be considered. 

<b> <1> The harness employed on Type 
B supplied-air respirators shall not be 
uncomfortable, disturbing, or interfere 
with the movements of the wearer. 

<2> The harness shall be easily adjust­
able to various sizes. 

(3) The hose shall be attached to the 
harness in a. manner that will withstand 
a pull of 45 kg. 000 pounds) for 30 min­
utes without separating or showing signs 
of fatlure. 

< 4 > The design of the harness and 
attachment of the line shall permit drag­
ging the maximum length of hose con­
sidered for approval over a concrete floor 
without disarranging the harness or 
exerting a pull on the facepiece . 

<5> The arrangement and suitability of 
all harness accessories and fittings will 
be considered. 

<c> The harness employed on Type C 
respirators shall be similar to that re­
quired on the Type B respirator, or, lt 
may consist of a simple arrangement for 
attaching the hose to a part of the wear­
er's clothing in a practical manner that 
prevents a pull equivalent to dragging 
the maximum length of the hose over a 
concrete floor from exerting pull upon 
the respiratory-inlet covering. 

Cd) Where supplied-air respirators 
have a rigid or partly rigid head covering, 
a suitable harness shall be r~uired to 
assist in holding this covering in place. 
§ ll.124-9 Breathing t11be lesl; mini-

mum requirements. 

Ca> Cl> Type A and Type B supplied­
air respirators shall employ one or two 
flexible breathing tubes of the non­
kinking type which extend from the face­
piece to a connecting hose coupling 
attached to the belt or harness. 

(2) The breathing tubes employed shall 
permit free head movement. Insure 
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against closing off by kinking or by chin 
or arm pressure, and they shall not create 
a pull that will loosen the facepie(;e or 
disturb the wearer. 

(b) Breathing tubes employed on Type 
C supplied-air respirators of the con­
tinuous flow class shall meet the mini­
mum requirements set forth in paragraph 
(a> of this section, however, an exten­
sion of the connecting hose may be em­
ployed in lieu of the breathing tubes 
required. 

Cc) Cl) A flexible, nonk!nking type 
breathing tube shall: (1) Be employed on 
Type C supplied-air respirators of the 
demand and pressure-demand class; and 
(ii) extend from the facepiece to the de­
mand or pressure-demand valve, except 
where the valve is attached directly to the 
facepiece. 

(2) The breathing tube shall permit 
free head movement, insure against clos­
ing off by kinking or by chin or arm pres­
sure, and shall not create a pull that will 
loosen the facepiece or disturb the 
wearer. 
§ 11.124-10 Airflow resislance test, 

Type A and Type AE supplied-air res­
pirators; minimum requirements. 

Ca) Airflow resistance will be deter­
mined when the respirator is completely 
assembled with the respiratory-inlet 
covering, the air-supply device, and the 
maximum length of air-supply hose 
coiled for one-half its length in loops 1.5 
to 2.1 m. (5 to 7 feet) in diameter. 

<b> The Inhalation resistance, drawn 
at the rate of 85 liters (3 cubic feet> per 
minute when the blower is not operating 
or under any practical condition of 
blowtr operation shall not exceed the 
following amounts : 

Maximum length ol hose 
for which respirator Is 

approved 

Feet Moten 

76 23 
150 46 
250 76 
300 91 

Maximum resistance, 
water column height 

Inches Mllllmeton 

1.6 38 
2. fi 64 
3. 5 89 
4. 0 :02 

Cc> The exhalation resistance shall not 
exceed 25 mm. Cl Inch) of water-column 
height at a flow rate of 85 liters ( 3 cubic 
feet> per minute when the blower is not 
operating or under any practical condi­
tion of blower operation. 
§ 11.124-11 Airflow resistance lest; 

Type B and Type BE supplied-air res­
pirators; minimum requirements. 

(a) Airflow resistance shall be deter­
mined when the respirator is completely 
assembled with the respiratory-inlet 
covering and the hose in the maximum 
length to be considered for approval, 
coiled in loops 1.5 to 2.1 m. <5 to 7 feet> 
in diameter. 

Cb> Airflow resistance shall not exceed 
38 mm. 0.5 inches> of water-column 
height to air drawn at the flow rate of 
85 liters (3 cubic feet) per minute. 

<c> The exhalation resistance shall 
not exceed 25 mm. (1 inch> of water-col­
umn height at this flow rate. 

§ ll.124-12 Airflo.w resistance test; 
Type C supplied-air respirator, con­
tinuous ftow class and Type CE 
supplied-air respirator; minimum re­
quirements. 

The resistance to air flowing from the 
respirator shall not exceed 25 mm. < 1 
inch> of water-column height when the 
air flow into the respiratory-inlet cover­
ing is 115 liters <4 cubic feet) per minute. 
§ 11.124-13 Airflow resistance test; 

Type C supplied-air respirator, de­
mand class; minimum requirements, 

(a) Inhalation resistance shall not ex­
ceed 50 millimeters <2 inches> of water 
at an air flow of 115 liters <4 cubic feet> 
per minute. 

<b> The exhalation resistance to a flow 
of air at a rate of 85 liters (3 cubic feet) 
per minute shall not exceed 25 milli­
meters Cl inch> of water. 
§ I 1.124-14 Airflow resistance test; 

Type C supplied-air respirator, prcs­
sure-d("mand c-la!i-!i-; n1inimum re­
quirement,. 

(al The static pressure In the face­
piece shall not exceed 38 mm. Cl .5 
inches> of water-column height. 

<b> The pressure In the faceplece shall 
not fall below atmospheric at inhalation 
airflows less than 115 liters C4 cubic feet) 
per minute. 

Cc) The exhalation resistance to a 
flow of air at a rate of 85 liters <3 cubic 
feet> per minute shall not exceed the 
static pressure in the faceplece by more 
than 51 mm. <2 inches> of water-column 
height. 
§ 11.124-15 F.xhalatinn rnhc lt·akagt' 

test. 

<a> Dry exhalation valves and valve 
seats will be subjected to a suction of 25 
mm. water-column height while in a nor­
mal operating position. 

Cb> Leakage between the valve and 
valve seat shall not exceed 30 milliliters 
per minute. 
§ 11.121-16 Man tests for gases and 

vapor~; supplied-air respirators; gl'n· 
eral performance requirements. 

(a) Wearers will enter a chamber con­
taining a gas or vapor a.s prescribed in 
f§ 11 .124-17, 11.124-18, 11.124.19, and 
11 .124-20. 

(b) Each wearer will spend 10 minutes 
In work to provide observations on free­
dom of the device from leakage. The 
freedom and comfort allowed the wearer 
will also be considered. 

<c> Time during the test period will 
be divided as follows : 

(1 > Five minutes. Walking, turning 
head, dlpping chin; and 

(2) Five minutes. Pumping air with a 
tire pump Into a 28-llter Cl cubic toot) 
container, or equivalent work. 

Cd> No odor of the test gas or. vapar 
shall be detected by the wearer in the 
air breathed during any such test, and 
the wearer shall not be subjected to any 
undue discomfort or encumbrance be­
cause of the flt, air delivery, or other 
features of the respirator during the 

testing period. 
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I 11.124-17 Man leel for gases and 
Tapor11; Type A and Type AE reepira­

. lor11; test requiremen.a, 

Ca> The completely assembled respi­
rator will be worn in a chamber contain­
ing 0.1 ± 0.025 percent isoamyl acetate 
vai>or, and the blower, the intake of the 
hose, and not more than 25 percent of 
the hose length will be located in isoamyl 
acetate-free air. 

Cb> The man in the isoamyl acetate 
atmosphere will draw his inspired air 
through the hose, connections; e.nd all 
parts of the air device by means of his 
lungs alone (blower not operating). 

<c> The 10-minute work test will be 
repeated with the blower in operation 
at any practical speed up to 50 revolu­
tions of the crank per minute. 
§ 11.124-18 Man test for ga11ea and 

vapors; Type B and Type BE respira­
tors; lest requirements. 

Ca) The completely assembled respi­
rator will be worn in a chamber contain­
ing 0.1 :t 0.025 percent isoa.myl acet&te 
vapor, an..d the intake of the hose, and 
not more than 25 percent of the hose 
length will be located in isoamyl acetate­
free air. 

Cb) The man in the isoamyl acetate 
atmosphere will draw his inspired air 
through the hose and connections by 
means of his lungs alone. 

§ 11.124-19 Ml!n test for gases and 
vapors; Type C respirators~ continu­
ou1-flow claS1 and Type CE supplied­
air respirators; test requirements. 

(a) The completely assem't:led respi­
rator will be worn in a chamber contain­
ing O i ± 0.025 percent isoamyl acetate 
vapor, the intake of the hose will be 
connected to a suitable source of re6Pi­
rable air, and not. more than 25 percent 
of the hose length will be . located in 
isoamyl acetate-free air. · 

Cb) The minir.111m flow of air required 
to maintain a positive pressure in the 
respiratory-inlet covering throughout 
the entire breathing cycle will be sup.: 
plied to the wearer. provided however, 
that airflow shall not' be less than 115 
liters per minute for tight-fitting and not 
less than 170 liters per minute for loose­
fitting respiratory inlet-coverings. 

Cc> The test will be repeated with the 
maximum rate of flow attainable within 
specified opt:rating pressures. 

§ 11.124-20 Man test for gases and 
vapors; Type C supplied-air respira­
tors, demand an'd pressure-demand 
dasses; test requirements. · 

Ca> The completely assembled respi­
rator will be worn in a chamber contain­
ing 0.1±0.025 percent isoamyl acetate 
vapor, the intake of the hose will be con­
n·et:ted to a suitable source of respirable 
air, and not more than 25 percent of the 
hoS<l length will be located in iso!l.lllyl 
acetatf: free air. 

Cb> The test will be conducted at the 
minimum pressure with the maximum 
hose length and will be repeated at the 
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maximum pressure with the min1mum 
hose length. 

§ 11.124-21 Tee\11 for protection during 
abrasive blasting; Type AE, Type BE, 
and Type CE mpplied-air respirators; 
general performance requirements. 

Ca> Tests will be made under condi­
tions of typical abrasive blasting opera­
tion. 

<b> The tests prescribed in I§ 11 .124-
22, 11 .124-23, and 11.124-24 will be con­
ducted under the following conditions: 

Cl> A suction-feed abrasive blasting 
outflit will be used by the wearer; 

<2> The diameter of the air Jet shall 
be 5 mm. Ch inch>; 

<3> Air pressure will be 276-483 kN/ 
m.2 (40-70 pounds per square inch>; 

(4> The abrasive used will contain a 
oomposition of 99+ percent free s111ca 
CSIO,>; 

<5> The size properties of the abrasive 
used will be a mixture of 90 percent by 
weight of essentially No. 1 sandblast sand 
and 10 percent air-floated fines ; and 

(6) The No. 1 sand used will meet a 
size specification of not more than 10 
percent on a 20-mesh sieve and not more 
than 10 percent through a 35-mesh sieve; 
99+ percent of the fines wm be able to 
pass through a 270-mesh sieve. All size 
determinations will be made by standard­
mesh sieves. 

<c> Tests will be conducted for 30 min­
utes continuously. 

< d > c 1 > The person wearing the res-
pirator wlll sandblast the inside surface 
of a common iron kettle of approximate 
hemispherical shape <about 76 cm. (30 
inches> in diameter, and 113.6 liters (3C 
gallons> capacity>. 

(2) The kettle will be placed with the 
plane of the opening inclined 45° from 
a vertical position and with the lowest 
point of the rim at about the height of 
the person's hips. 

<3> The wearer will stand at one poct­
tion in front of the kettle and lean over 
until the upper part oi the body is in­
clined to parallel the face of the kettle. 

(4) The wearer will blast the entire 
inner surface of the kettle with the blast 
at all tim-es directed approximately at 
right angles to the surface with the noz­
zle of the ' gun approximately 15 cm. (fl 
inches> from the surface, and with his 
head approximately 46 cm. Cl8 inches> 
from the nozzle.· 

C5> The wearer will move his head for­
ward, backward, and sideways during 
each blasting. operation. · 

Ce) Cl) Air will be withdrawn continu­
ously during the test at the rate of 32 
liters (1.13 cubic feet> per minute from 
the respiratory-inlet covering at a point 
as near as convenient to the wearer's 
nostrils: 

(2) Simultaneously air will be i:l.rawn 
at the same rate from the source of in­
take air to the respirator. 

Cf) Respirators tested in accordance 
with U 11.124-22, 11.124-23, and 
11.124-24 shall meet the following 1:n!ni­
mum requ1reme:-.t.s,: 
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Cl) The amount of particulate matter 
in the air withdrawn from the respira­
tory-inlet covering shall not exceed the 
amount of . particulate matter supplied 
to the respirator by more than 0.5 mg. 
for the 30-mlnute test period; 

(2) The wearer of .the respi.ator in 
this test shall not experience widue en­
cumbrance and discomfort because of the 
flt, air delivery, or other features of the 
respirator; and, 

< 3 > The head and shoulder covering 
shall adequately protect the wearer 
from discomfort or injury due to im­
pact or abrasion from the retounding 
material during the test. 

§ 11.124-22 Test for protection during 
abrasive blasting; Tyre AE supplied­
air respirator; test requirements. 

<a> The respirator wlll be arranged 
as prescribed in § ll .124--l 7Ca>, and the 
tests prescribed in § 11 .1 'M-21 will be 
performed. 

Cb> The wearer will draw his in­
spired air through the hose, connec­
tions, and all parts of the air device !Jy 
means of his lungs alone (blower not 
operating) . 

Cc> The test will be repeated with the 
blower in operation at any practical 
speed up to 50 revolutions per minute 
of the crank. 

§ 11.124-23 Test for protection during 
abrasive blasting; Type BE supplied­
air respirator; test rf:quirements. 

(a) The respirator will be arranged 
as prescribed in § 11.124-lBCa>, and the 
tests prescribing in § 11.124-21 will be 
performed. 

Cb) The wearer wlll draw his inspired 
air through the hose, connections, and 
all parts of the air device by means c,f 
hi.s lungs alone. 
§ 11.124-24 TC!lt for protection during 

abrasive blasting; Type CE supplied­
air reepirator; test requirements. 

Ca) The respirator will be arranged 
as prescribed in § ll.124-19(a), and the 
tests prescribed in § 11.124-21 will be 
performed. 

& - ·"'" 
Plgure 1.-ApparatWJ for mee.suring power 

required to operate blower. (30 CPR l:'art 11, 
Subpart J, 111.l~) 
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TABLII: 8.-Alll·SUPPLT·L!NE Rr:QUlllEMll:NTII ~ND Tll:9'111 

(30 CFR Part 11, Subpart J, I 11.124-7) 

llpecUla 
nqulromonta 

Requirement& for tho air-supply lines of tho lnJlcated type of supplied-air l'elplralon 

Typo A 

IAnstb of boeo • .• Mulmum of 91 m. (300 
foot ), In multlpl .. of 
7.0 m. (26 feet) . 

TypeB 

Mulmwnof23 
m. (76 foot) In 
multlpl• ol 7.6 
m. (26fMt) . 

Typo C 

Mulmum of VI m. (300 feet) lo mnltlpleo of 7.6 m. 
(26 feet) . It wlll be permis,lble for tho applicant 
to suppl:, hoeo of the approved typo of aborter 
lenctb than 7 .6 m . (26 loot) provided It moota 
the ~oqulrementa ol the part. 

.A.lr&w ...... . . . Nono ••• . •... . . . . •. • . •• . . None . •..• • .. . . .. . . The alr .. upply hose with air reguJatln1 valve or 
orUlco shall perm It a flow of not 1- than 116 
lltera (4 cubic feet) per minute to tlgbt.-l!ttlnc 
and 170 llten (6 cubic loot) per minute to looeo-
1\ttlng reop.lratory-inlet coverlnp through tho 
maslmum length ol hose for which approval ls 
granted and at tho minimum specUled air-supply 
prosaure. The muimum flow shall not escood 
4211 llton (16 cubic loot) per minute at the mul­
mum specified air-1;upply pressure with tho mini­
mum length ol boeo lor whleh approval Is 1rantod. 

- he air-supply boeo, detachable coupling, and de­
mand valve ol the demand class or preosnro­
demand Hive of tho pressure-demand cl.,. for 
Typo C supplied-air resplratonl demand and 
pressuro-deman'1 classes, shall oo capable of 
dellverlnc respirable air at a rate ol not less than 
116 llton (4 cubic feet) per minute to tho reoplra­
tory-lnlet covering at an Inhalation resistance 
not escoedlng 60 mUiimeten (2 inches) of water­
column belcbt measured in the respiratory-Inlet 
covering wltb any eombinatlon ol alr=ppl:, 
prossure and length of hoeo within the applicant's 
specified range or pressure and hOSt, length. The 
air-l!ow rate and reolstance to inhalation abali be 
meuured while the demand or r,ressuro-demand 

:r~:..:i!:~ds!lf:~ ~ n;,.,~1'!~ a=: 
flow to tho respiratory-Inlet covering shall not 
nceed 426 llter. (16 cubic feet) per minute under 
the spocUled operating conditions. 

~l1nl N------- - -- · · -- -···· · - Nooe •••• • . . . .. - .. . • If an air-regulating valve Is provided, It shall be 
• .._ so designed that It wlll remain at a spec.Ille 

adltutmeot, which wlli not be lllrocted by tho 
ordlnar, movement of tho wearer. 

Tho valve must be so constructed tha t tho air 
supply with the mulmum lefl(tth Ill hose and at 
the minimum specified air-supply p.--uTO wlll 
not be 1osa than 11.~ liters (4 cubic leet) ol ah' per 
mlnule to tlght.-llttl111t and 170liter. (6cubic leet) 
of air per minute ol looso-l!ttlng respiratory Inlet 
covarlnp for any adjustment of the valve. If a 
demand or preosuro-demand valve replaces tho 
alr-nsulatlnc valve, It shall be .:onnected to tho 
alr..upply at tho mulwum air pressure for 1Jblch 
approval Is IOUght by moans of tho mlnlmnm 
lensth al alr..upply hoeo lor which approval Is 
aougbt. The outlet of the demand or preosu~ 
demand valve shall be connected to a soun:e of 
!nlermlttont r.ictlon so that the demand or 
p-,..demand valve ls actuated appronmatelJ 
:lO tlm• per mlnuta for a total of 100,000 inhala­
tions. To apodlto thla toot, the rate of actuaUon 
m&J be ln-.d If mutually 1greeable to thB 
applloant and tho Bureau. Dur1111( this test the 
nlft ab.Ill luncUon without failure and without 
a-1'8 w- of the movtns parts. 

The damand or preosure-demand val YO shall Mt be 
iunapd In any way when subjected at the outlet 
to a p_,.. or auction of 26 cm. (10 Inch•) of 
water .... for 2 mlnuta. 

SpoclJlc 
nqulmnonts 

Noncollapsl­
billty . 

Nonldnl<­
abllity . 

Btren~th of hose 
and couplings. 

Tigh tnos.s .••. . .. 

Pcnneatlon of 
hose by 
gn..soiine. 

Dr.lllchable 
coupling. 

TABU 8.-AIB-SUPPLT-LINII: RJ:QUIRll:MBNTll .lND Tll:8TII-Contlnued 

(30 CFR Part 11, Subpart i, I 11.124-7) 

~ulmnentafor tho air-supply Uneo or the lndlcatod typea of anppllod-alr resplraton 

Tho boeo shall not 
collapeo or exhibit 
permanent delorma-
tlon wbon a force of 
90 kg. (200 pounda) 
·ts applied for & 
minute& between 2 
planea 7 .6 cm. (3 
lncb•) wide on 
opposite llldee of tbo 

TJpoO 

Bame as Type A- · Nono. 

N~::".: .. • . . . .. • . .. • . • .• . Nono . •. ••.•...•.• • A 7.6m. (26 foot) section of tho bosewlll be placed 
on a borlr.ontal-plane surface and shaped Into a 
one-loop 0411 with pne end of the hose connected 
to an alrllow motor and tho other end or tho hose 
auppllec\ with air at the mlnnmim spoc111ed 
snpply preoaure. 

Tho connection shall be In tho piano of tho loop. 
Tbootberondofthe bosewlll be pulled tansentlally 

to the loop and lo the piano of tho loop until tho 
h- straightens. 

Hose and coupllnp 
shall not aeparato or 
!all wb~n tooted with 
a pull of 113 kg. 
(260 ponnds) for 
6 minutes. 

No air leakage shall 
occur when the hose 
and coupling, are 
jcinNI aud tho jolnt(s) 
are Immersed in water 
and subjected to an 
Internal air pressure 
of35kN/m.• (5pounds 
per square Inch) pge. 

The permeation of tho 
hose by aa,,olloe wfil 
be tes~ by lmmors­
lnc 7 .6 m. (26 foot) o! 
hose and one coupling 
In paoiine, with air 

f,k>0:1:f ::: o'l': 

To meet the requtrementa of this test tho loop shall 
maintain a uniform near·drcnlar shape and 
ultlmatelJ unfold as a spiral, without any loceJ­
lud deformation that docreasee tho !low of air 
to less than 9<rpercent of tho flow 'lltbon the hose 
Is tested while remaining In a straight lfne. 

Bame as Typo A .. Hose and couplings shall notes hi bit an7 separation 
or failure when tested with a pull o 46 kg. (100 
pounds) for 6 minutes and when tooted by sub­
jecting them to an Internal air pressure of 2 times 
tho ma>:lmum resplrator=pply preoaure that Is 
spec111od by the applicant or at 173 l<N/m.• 
(26 pounds per square Inch) gage, whichever Is 
blgbor. 

Non• •.. . . . . . . .. . . Leakage of air Meeodllll 60 cc. per minute at each 
coupling shall not be permitted when the hose aod 
couplings are joined and are Immersed lo water, 
with air l!owlnc through the respirator under a 
pressuNI of 173 kN/m.• (26 pounds per square 
lneb) gage applied to tho Inlet end of tbe alr--,up­
ply hose, or at twice tho maslmum respirator­
supply pressure that Is spoc111ed by tbe applicant, 
whichever Is higher. 

Bame as for Typo Samo as for Type A, escept tho test period shall be 
A. 1 hour. 

liter, per minute for 
6 boon. The .ir from 
the hose shall not 
contain more than 
0.01 percent by 
volume of guoline 
vapor at tbe end of 
tho test. 

None ____ __ . ••.... . . . .. None. .. . . . . ... . •. A hand-opN'llted detachable coupling by which the 
wearer can readily attach or detach the con­
necting h0"8 shall be provided at a convenient 
location. This coupllnc shall be durr.blo, remain 
connected under all conditions or normal ....,. 
plrator use and moot the prescribed tests for 
strength and tightness of boseand couplioes, 
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Subpart K--Dust, Fume, and Mist 
Respirators 

§ 11.130 Dust. fume, and mist respira­
tol'II; deecriptlon. 

Dust, fume, and ?nlst respirators, 'in­
cluding all completely assembled respi­
rators designed for use as respiratory 
protection during entry into and escape 
from hazardous particulate atmospheres 
which contain adequate oxygen to sup­
port life, are described as follows: 

Ca) Respirators, either with replace­
able or reusable· filters , designed as res­
piratory protection against dusts < 1) 
having an air contamination level not 
less than 0.05 mllllgram per cubic meter 
of air, including but not llmited to coal, 
arsenic, cadmium, chromium, lead, and 
manganese; or (2) dusts having an air 
contamination level not less than 2 mil­
lion particles. per cubic foot of air, in­
cluding but not limited to aluminum, 
flour, iron ore, and free slllca, resulting 
principally from the disintegration of a 
solid, e.g., dust clouds produced in min­
ing, quarrying, and tunneling, and in 
dusts produced during industrial opera­
tions, such as · grinding, crushing, and 
the general processing of minerals and 
other materials. 

<b> Respirators, with replaceable fil­
ters, designed as respiratory protection 
again.st fumes of various metals having 
llll air contamination level not less \ban 
0.05 milligram per cubic meter,· includ­
ing but not llmited to aluminum, anti­
mony, arsenic, cadmium, chromium, cop­
per, iron, lead, magnesium, manganese, 
mercury <except mercury vapor), and 
zinc, which result from the sublimation 
or condensation of their respective 
vapors, or from the chemical reaction 
between their respective vapors and 
gases. 

Cc) Respirators, with replaceable fil­
ters, designed as respiratory protection 
against mists of ma.terials having an air 
contamination level not less than 0.05 
milligram per cubic meter or 2 million 
particles per cubic foot, e.g., mists pro­
duced by spray coating with vitreous 
enamels, chromic acid mist produced 
·during chromium plating, and other 
mists of materials whose liquid vehicle 
does not produce harmful gases or 
vapors. 

Cd) Respirators, with replaceable fil­
ters, designed as respiratory protection 
against dusts, fumes, and mists having 
an air contamination level less than 0.05 
milligram per cubic meter, including but 
not limited to lithium hydride and 1:Seryl­
llum, and against radionuclldes. 

Ce) Respirators, with repiaceable fil. 
ters, designed as respiratory protection 
against radon daughters, and ra,don 
daughters attached to dusts, fumes, and 
mists. 

Cf) Respirators, with replaceable fil. 
ters, designed as respiratory protection 
against asbestos-containing dusts and 
mists. 

(g} Respirators, with replaceable fil­
ters, desi8lled as protection against var­
ious combinations of particulate matter. 

Ch) Single-use dust respirators de· 
signed as respiratory protection against 
pneumoconlosis- and fibrosis -producing 
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dusts, or dusts and mists, includin1 but 
not llmlted to aluminum, asbest.oa, coal, 
flour, iron ore, and free llllica. 

<1> The types of du.st, fume, and mist 
respirators in paragraphs Ca) through 
(g) of this section may also be classified 
according to their design as follows: 

Ci'> Air-purifying respirators; and 
(2) Powered air-purifying respirators. 

§ 11.131 Dust, fume and mist respira­
tors; required componenta. 

Ca) Each dust, fume, and mis respi­
rator described in § 11.130 shall, where 
its design requires, contain the following 
component parts: 

Cl) Faceplece, mouthpiece with nose-
cllp, hood, or helmet; 

(2) Filter unit; 
(3) Hit.mess; 
<4> Attached blower; and 
<5) Breathing tube. 
Cb) The components of each dust, 

fume, and mist respirator shall meet the 
minimum construction requirements set 
forth in Subpart G of this part. 

§ 11.132 Breathing tubes; minimum re­
quirements. 

<a> Flexible breathing tubes used in 
conjunction with respirators shall be de­
signed and constructed to prevent: 

< 1) Restriction of free head move­
ment; 

(2) Disturbance of the flt of face­
pieces, mouthpieces, hoods, or helmets; 

<3) .Interference with the wearer's ac­
tivities; and 

(4) Shutoff of airflow due to kinking, 
or from chin or ann pressure. 

§ 11.133 Harnesses; installation and 
coruitruction; minimum require­
menta, 

Ca> Each respirator shall, where nec­
essary, be equipped with a suitable har­
ness designed and constructed to hold 
the components of the respirator in po­
sition against the wearer's body. 

Cb) Harnesses shall be designed and 
constructed to permit easy removal and 
replacement of respirator parts, and, 
where applicable, provide for holding a 
full facepiece in the ready position when 
not in use. 

§ 11.134 Respirator containers; mini­
mum requirements, 

Ca> Except as provided in paragraph 
<b> of this section each respirator shall 
be equipped with a substantial, durable 
container bearing markings which show 
the applicant's name, the type of respira­
tor is contains, and all appropriate ap­
proval labels. 

Cb> Containers for single-use respira­
tors may provide for storage of more 
than one respirator, however, such con­
tainers shall be designed and construct­
ed to prevent contamination of respira­
tors which are not removed, and to pre­
vent damage to respirators during trans­
it. 

§ J 1.135 · Half-mask fnct'pieces, full 
facepieces, hood~, helmf'ts, and 
mouthpif'ces; fit; minimum rNJnir~­
ments, 

<a\ Half-mask facepieces and full 
facepieces shall be designed and con-
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structed to flt persons with various facial 
shapes and sizes either: Cl) By providing 
more than one facepiece size, or (2> by 
providing one facepl.ece size which will 
flt varying facial shapes and sizes. 

Cb) Full facepieces shall provide for 
optional use of corrective spectacles or 
lenses, which shall. not reduce the respi­
ratory protective qua.J.ities of the respira­
tor. 

Cc> Hoods and helmets shall be de­
signed and constructed to flt persons with 
various head sizes, provide for the op­
tional use of corrective spectacles or 
lenses, and insure against any restriction 
of movement by the wearer. 

Cd) Mouthpieces shall be equipped 
with noseclips which are securely at­
tached to the mouthpiece or respirator 
and provide an airtight seal. 

<e> Facepieces, hoods, and helmets 
shall be designed to prevent eyepiece 
fogging. 

m Half-mask facepieces shall not In­
terfere with the fit of common Industrial 
safety corrective spectacles, as deter­
mined by the Bureau's facepiece tests In 
§§ 11.140-1 and 11.140-2. 

§ 11.136 Facepieces, ho.xis, an,! hel-
. mets; eyepie~es; minimum require­

ments. 

Facepieces, hoods, and helmets shall he 
designed and constructed to provide ade­
quate vision which is not diftorted by the 
eyepieces. 

§ 11.137 Inhalation and exhalation 
valves; minimum requirements. 

Ca> Inhalation and exhalation valves 
shall be protected against distortion. 

<b> Inhalation valves shall be designed 
and constructed and provided where nec­
essary to prevent excessive exhaled air 
from adversely affecting filters, except 
where filters a:-e specifically designed to 
resist moisture as pr~scribed in 
§ 11.140-5. 

Cc> .Exhalation valves shall be: Cl) 
Provided where necessary ; <2> protected 
against damage and external influence: 
and (3) designed and constructed to 
prevent inward leakage of contaminated 
air. 
§ 11.138 Head harnesses; minimum re­

quirements. 

<a> All facepiec.es shP.11 be equipped 
with head harnesses designed and con­
structed to provide adequate tension 
during use &.nd an even distribution of 
pressure over the entire area in contact 
with the face . 

(b) Facepiece head harnesses, except 
those employed on slngle-w;e respirators, 
sr.all be adjustable and replaceable. 

Cc> Mouthpieces shall be equipped, 
where applicable, with . ··adjustable and 
replaceable harnesses, designed and con­
structed to hold the mouthpiece in place. 

§ 11.139 Air velocity and noise levels ; 
hoods nnd hrlmets; minimum re­
quir:imcnts , 

Noise levels generated by the respira­
tor will be measured inside the hood <'r 
helmet at maximum airflow obtai!lable 
and shall not exceed 80 dBA. 
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§ 11.140 Dust, fume, and mist respira• 
tors; performance requirements; 
general. 

Dust, fume, and mist respirators and 
the individual components of each such 
device shall, as appropriate, meet the 
requirements for performance and pro­
tection specified in the tests described in 
§ § 11.140-1 through 11.140-12 and pre­
scribed in Tables 9 and 10. 

§ 11.140-1 lsoamyl acetate tightness 
te8t; dust, fume, and mist respirators 
designed for respiratory protection 
against fumes of various melals hav. 
ing an air contamination level not le88 
than 0.05 milligram per cubic meter; 
minimum requirements. 

(a) The respirator will be modified in 
such ·a manner that all of the air that 
normally would be inhaled through the 
inhalation portCs) is drawn through an 
efficient activated charcoal-filled can­
ister, or cartridge(s), without interfer­
ence with the face-contacting portion of 
the facepiece. 

<b> The modified respirator will be 
worn by persons for at least 2 minutes 
each in· a test chamber containing 100 
parts (by volume) of isoamyl-acetate 
vapor per m111ion parts of air. 

<c> The odor of isoamyl-acetate shall 
not be detected by the wearers of the 
modifled respirator while in the test 
atmosphere. 

§ 11.140-2 Isoamyl acetate tighlness 
test; re8pirators designed for respira­
to1-y protection against dusts, fumes, 
and mists having an air contamina­
tion level less than 0.05 milligram 
per cubic meter, or against radio­
nuclides; minimum requirements. 

<a> The applicant shall p:.ovide a 
charcoal-filled canister or ca,rtridge of 
a size and resistance similar to the filter 
unit with connectors ·which can be at­
tached to the facepie::e in the same man­
ner as the filter unit. 

<b> <l> The canister or cartridge will 
be used in place of the filtt:r unit, aud 
persons will each wear a modified half­
mask facepiece for 5 minutes in a test 
chamber containing 100 parts (by 
volume> of isoamyl-acetate vapor per 
million parts of air. 

<2> The follow1ng work schedule will 
be performed by each wearer in the test 
chamber: 

m Two minutes walking, nodding, 
and shaking head in normal movements ; 
and 

cm Three minutes exercising and 
running in place. 

<3> The facepiece shall be capable of 
adjustment, according to the appl!ca.nt's 
instructions, to each wearer's face, and 
the odor of isoamyl-acetate shall not be 
detectable by any wearer auring the test. 

<c> Where the respirator is equipped 
with a full facepiece, hood, helmet, or 
mouthpiece, the canister or cartridge will 
be used in place of the filter unit, and 
persons will each wear the modified res­
piratory-inlet covering for 5 minutes in 
a test chamber containing 1,000 parts <by 
volume> of isoamyl-acetate vapor per 
millio".l pe.rts of air, performing the work 

RULES AND REGULATIONS 

schedule specified in paragraph Cb) <2> 
of this section. 
§ 11.140-3 All"-purifying filter te8ls; 

performance requirements; general. 

Dust, fume, and mist respirators will 
be tested in accordance with the schedule 
set forth in Table 10 to determine their 
effectiveness as protection against the 
particulate hazards specified therein. 
§ 11.140-4 Silica dust test; single-use Ol" 

reuseable fillers; minimum require­
ments. 

Ca) Three respirators with single-use 
filters will be tested !or periods of 90 
minutes each at a continuous airflow 
rate of 32 liters per minute for air-puri­
fying respirators, and for periods of 4 
hours each at a flowrate not less than 
115 liters per minute to tight-fitting face­
pieces, and not le,55 than 170 liters per 
minute to loose-fitting hoods and hel­
mets for powered air-purifying respira­
tors. 

Cb> The relative humidity in the test 
chamber will be 20-80 percent, and the 
room temperature approximately 25° C. 

<c> The test suspension in the chamber 
will not be less than 50 nor more than 
60 milligrams of flint <99+ percent free 
silica) per cubic meter of air. 

<d> The flint in suspension will be 
ground to pass 99+ percent through a 
270-mesh sieve. 

Ce) The particle-size distribution of 
the te5t suspension will have a geometric 
mean of 0.4 to 0.6 micrometer, nnd the 
standard geometric dev!ation will not 
exceed 2. 

m The total amount o: unretained 
test suspension in samples taken during 
testing shall not exceed 1.5 milligrams 
for an air-purifying respirator, 14.4 mil­
ligrams for a powered air-purifying res­
pirator with tight-fitting facepiece, and 
2U1 milligrams for a powered air-purify­
ing respirator with loose-fitting hood or 
helmet. 

Cg) Three respirators with reusable fil­
ters will be tested and shall meet the 
requirements specified in paragraphs <a). 
through Cf> of this section; each filter 
shall be tested three times: Once as re­
ceived; once after cleaning; and once 
after recleaning. The applicant's instruc­
tions shall be followed for each cleaning. 
§ 11.140-5 Silica-dust test; single-use 

dust respirators; minimum require­
ments. 

<a> Three respirators will be tested. 
Cb) As de;;cribed in § 11.140-4, airflow 

will be cycled through the respirator by 
a breathing machine at the rate of 24 
respirations per minute with a minute 
volume of 40 liters; a breathing machine 
cam with a work rate of 622 kg.-m.'/ mln­
ute shall be usell. 

Cc) Air exhaled through the respirator 
will be 35° ±2° C. (95° ±3° F .> with 
94 ±3 percent relative humidity. 

(d) Air inhaled through the respira­
tor will be sampled and analyzed for 
respirator leakage. 

(e; The total amount of U.'1retained 
test suspension, after drying, in samples 

taken during testing, shall not exceed 1.8 
milligrams for a..,y single test. 

§ l 1.140-6 Lead fume tesl; minimum 
requirements. 

(a) Three respirators will be tested 
for a period of 312 minutes each at a 
continuous airflow rate of 32 liters per 
minute for air-purifying respirators, and 
.for periods of 4 hours each at a flow rate 
not less thr.n 115 liters per minute to 
tight-fitting facepieces, and not less than 
170 l!ters per minute to loose-fitting 
hoods and helmets for powered air-
purifying respirators. · 

Cb) The relative humidity in the test 
chamber will be 2~0 percent, and the 
room temperature approximately 25° C. 

Cc) The test suspension in the test 
chamber will not be less than 15 nor 
more than 20 milligrams of freshly gen­
erated lead-oxide fume, calculated as 
lead (Pb), per cubic meter of air. 

Cd) The fume will be generated by 
Impinging an oxygen-gas flame on 
molten lead. 

Ce) Samples of the test suspension will 
be taken during each test period for 
analysis. 

en The total amount of unretained 
test suspension in the samples taken dur­
ing testing, which !s analyzed and calcu­
lated as lead <Pb>, shall not exceed 1.5 
milligrams of ltad for an air-purifying 
r.espirator, 4.2 mill!grams of lead for a 
powered air-purifying respirator with 
tight-fitting facepiece, and 6.2 milli­
grams of lead for a powered air-purify­
ing respirator with loose-fitting hood or 
helmet. 

§ ll.140-7 Silica misl tesl; minimum 
requirements. 

Ca) Three respirators will be tested 
for a period of 312 minutes each at a 
continuous airflow rate· of 32 liters per 
minute for air-purifying respirators, and 
for periods of 4 hours each at a flow 
rate not less than 115 l!ters per minute 
to tight-fltt;ng facepieces, and not less 
than 170 l!ters per minute to lcose-fltting 
hoods and helmets for powered air­
purifying respirators. 

Cb) The room temper~ture in the test 
chamber will be approximately 25° C. 

<c> The t:?st suspension in the test 
chamber will not be less than 20 nor 
more than 25 milligrams of silica mist, 
weighed as silic.i. dust, per cubic meter 
of air. 

<d> Mi.,t will be produced by spraying 
an aqueous suspension of flint (99+ per­
cent free silica), and the flint shall be 
ground to pass 99+ percent through a 
270-mesh sieve. 

<e> Samples of the test suspension 
will be taken during each test peri-Od for 
analysis. 

en The total amount of silica mist un­
retained in the samples taken during 
testing, weighed as silica dust, shall not 
exceed 2.5 milligrams for an air-purify­
ing respirator, 6.9 milligrams for a pow­
ered air-purifying respirator with tight­
fitting facepiece, and 10.2 milligrams for 
a powered air-purifying respirator with 
loose-fitting hood or helmet. 
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§ 11,140-8 Teata for reaplraton de­
aiped for reeplrator)' protection 
qalrut more than one tn,e of dil­
peraoid; mlnlmum requhemeDU, 

Respirators desii!led u respirato17 
protection against more than one pa.rttc­
Ulate hazard <dust, fume, or mist> shall 
comply with all the requirements of this 
Part, with respect to each of the specl.flc 
hazards involved. 

§ 11.140-9 Airflow r~sistance testa; all 
du.st, fume, and miat respirators; 
minimum requirements. 

<a> Resistance to airflow will be meas­
ured in the fa.cepiece, mouthpiece, hood, 
or helmet of a Just, fume, or mist res­
pirator mounted on a test ftxture with 
a1r fl.owing at a contJnuous rate of 85 
liters per minute, both before and after 
each test conducted in accordance with 
H 11.140--4 tlirough 11.H0-7. 

<b> The maximum allowable resistance 
requirements for dust, fume, and mist 
respirators are as follows: 

l\Lu:Jl(UK RJ:IILSTillCS 
(mm. water-oolumn hel11ht) 

Initial Final Exhala-
Type of respirator Inhal.. Inhala- tloll 

tlon Uon 

Bln11le-uae.. ••••........... 12 15 15 
Dna\ fume! and mist, 

wit sing e-we filter •.•• 30 60 :io 

D~\bf~..:a~dftl~:' ••.• 20 40 20 
Badon dauahter •••••••. •• 18 125 16 
.ubeatos dust and mist ••• 18 25 16 

1 Meunred after lllllca dust test descrtbed ID I 11.1'°"'. 

§ 11.140-10 Exhalation valve leaka1e 
teet; minimum requirement.a. 

<a> Dry exhalation valves and valve 
sea.ta will be subjected to a suction of 25 
mm. water-column height while in a 
normal operatJng posit.Ion. 

Cb) Leakage between the valve and 
valve seat shall not exceed 30 millllltA!rs 
per minute. 

RULES AND REGULATIONS 

I 11,140-11 DOP filter teat; respirators 
dedined a, reapirator)' protection 
a1almt du1ll, fumea, and mi1ll hav, 
ln1 an air contamination level lea, 
than 0.05 mllllpam ~ cubic meter 
and againat radlonuclldea; minimum 
requirementa, 

<a> All single air-purifying respirator 
filter units will be tested in an atmos­
phere concentration of 100 micrograms 
of DOP per liter of air at contJnuous now 
rates of 32 and 85 liters per minute for 
a period of 5 to 10 seconds. 

Cb> Where filters are to be used in 
pairs, the flow rates will be 16 and 42.5 
liters per minute, respectively, through 
ea.ch filter. 

Cc) The fllter will be mounted on a 
connector in the same manner as used 
on the respirator, and the total leakage 
for the connector and ftlter shall not ex­
ceed 0.03 percent of the ambient DOP 
concentration at either flow rate. 
§ 11,140-12 Silica dusl loading test; 

respirators designed u protection 
against dum, fumes, and mista hav­
ing an air contamination level lesa 
than 0,05 milligram per cubic meter 
and against radionuclide,; minimum 
requirementa. 

Three respirators will be tested in 
accordance with the provisiona of 
111.140-:-4 and shall meet the mini.mum 
requirements of U 11.140--4 and 11.140.9. 

TABLE 9.-FACEP!ECII: TUT REQUIRJ:XJ:NTB 

(30 CFR Part 11, Bubpert Jr, I 11.HO·I, et seq.) 

Respirator type11 

t>nata:Alr Contamlnetlon 
Lnel not less than 0.05 
mg/M1 or 2 mppcf.. .•••• 

Pumes: Air Contamlna· 
tlon Level not less than 

Js't:: 11~·riiiwi.iiiaiiciii. 
Level not lesa than 
0.05 m~• or 2 ml!Jf;·· 

D~co=i.:13on ti: 
Level !MIi than 0.05 m&/ 
Ml or 2 mppcf, and 
radlonuclldes ••••••••••• 

Radon daughter3 •.••••• ,. 
.ubestos-<:antalnlni duatl 

and mlat-1 ••••••••••••••• 

PrMSUN> Iaoamyl acetate 
tightness test 

teetl 

X 

X 

X 

X 
X 

X 

11. H0-1 11. H0-2 

X 

····x···· X 

1 Test la requ!red only when applicable. 

TABLE 10-AIR·PURIPTINO AND POWll:RIID Alll•PURtrnKO Rll:IPUIATOli Fn.u11 TJl:BTII RIIQUDIIID roa APPliOl'AL 

(30 CFR Part 11, Subpart JC, I 11.140-t, et seq.) 

Lead ewea DOP 
Re.,plrator types Silica dust test, fume mat tell 

teat teat 
11. 140-t 11. HO-I 11. lt0-12 11. 141H 11. lt0-7 11. lt0-11 

Dusta: Air Contamination LeTel not 11111 than 0.05 q/ X •••••••••••••••••••••••••••••••••••••••••••••••••• 
Ml or 2 mppcf. 

:Fumes: Air Contamination Level not Jes, than 0.05m&/ ·························-- X .. · ••••••••••••••••• M•. 
Mists: Air Contamination Len! not lem than o.oa mg/ ••••••••••••••••••••••••••••• -;. •••••••• .=. X "········· 

M• or 2 mppcf. 
Dust.!, :Fumes, and Mlsta: Air Contamination LeTal ·-········-·····~ X :;..~a.~s............ X 

le.!S than 0.05 mg/M' or 2 mppcf, and radlonudidea. 
Radon daughten ••••••••••••••••••••••• ·-·-··-··..;: X' X• 
Asbestos-containing dmta ind mlab!-·······-····-..:: X• -········--··----~= X• --······ Single-use<iust and nmt reapira&ora. ... _. ____ ...;;.=..;:.:::: X• .___ ______ . x• ·--·-

1 For reslstanr.e only. 
• For penetration only. 
• Test required only where appl!rabt.. 
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Subpart L-Chemical Cartridge 
Respirators 

§ 11.150 Chemical cartridge respirators; 
deacriptfon, 

Chemical cartridge respire.tors includ­
ing all completely assembled :respirators 
which are designed for use as respiratory 
protection during entry Into or escape 
from atmospheres not immedia.tely 
dangerous to life and health, are de­
scribed according to the specific gases or 
vapors against which they are designed 
to provide respiratory protection, as 
follows: 

Maximum use 
Type of chemioal c()T)Cen.tration, parts 

ca.rtridge respirator : per million 
Ammonia 
Chlorine --------·----------------
Hydrogen chloride_ ...... _______ ......... 
~ethyl e.nune-·-----·- · ·---·-·---­
)rga.nJc vapor'·--·-·--··-----··---
3ul!ur dioxide ..... ______ ....... -------

300 
10 
50 

100 
• l, 000 

60 

• Not for use aga.tnst c,rga.n1c vapors w1Jth 
poor warning properttea or thooe which g1!n­
erate high hee.ts of reaction with eorbent 
material In the cartr1dge. 

• Maximum use concentrations a.re lower 
for organic vapors which produce atmoe­
!)heres immeJlately haza.rc'.oUll t.o llfe or 
health at concentrations equal #t.o or lower 
than this concentration. 

NoTE: C'hemica.l cartr!dge resplratorE for 
respiratory protection against gases or vapors, 
which a.re not apeclflcally listed with their 
ma.ximum use concentra.tlon except peetl­
cldes, may be approved If the a.ppllcant sub­
mit-: a request for such approval, In writing, 
tC' the Bureau. The Bureau e.nd the Institute 
ahall consider each such application and ac­
cept o,· re.txt the application after a :-evlew 
of the elfecta on the wearer's heeolth e.nd 
ee.fety and In the 11ght o! any field experience 
In use of chemJcal cartridge re8J)lrators as 
:i>roteotlox: against such ha.zardll. 

§ 11.151 Chemical cartridge respirators; 
required componenta. 

Ca> ·Each chemical cartrldge respira­
tor described in § 11.150 shall, where its 
design requires, contain the following 
component parts: 

< 1 > Fa.cepiece, mouthpiece, and nose-
cllp, hood, or helmet; 

(2) Cartridge; 
(3) Ca.rtrijge with filter; 
<4> Harness; 
(5) Br~thing tube; and 
<6> Attached blower. 
Cb> The components of each chemical 

cartridge respirator shall m!'et the mini­
mum constniction requirements set 
forth in Subpart G of this part. 

§ 11.152 Cartridges in parallel; resist• 
ance requirements. 

Where two or more cartridges are used 
in parallel, their resistance to airflow 
l!hall be essentially equal. 

§ U.153 Cartridges; color and mark­
ings; requirementa. 

The color and markings of all car­
tridges or labels shall conform with the 
requirements of the American National 
standard for Identiflca,tion of G1IS Mask 
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Canisters, Kl3.l, obtainable from Amer­
ican National Standards Institute, Inc .. 
1430 Broadway New York, NY 10018. 
§ 11.154 Filters used with chemical car­

tridges; location; replacement 

Ca) Particulate matter filters used in 
conjunction with a chemical cartridge 
shall be located on the inlet side of the 
cartridge. 

Cb) Filters shall be Incorporated in or 
firmly attached to the cartridge and each 
filter assembly shs.l.J., where applicable, 
be designed to permit its easy removal 
from and replacement on the ca.rtrldge. 
§ 11.155 Breathing tubes; minimum re-

quiremenis. 

(a) Flexible breathing tubes used 1n 
conjunction with respirators shall be 
designed and constructed to prevent: 

Cl) Restriction of free head move­
ment; 

<2> Disturbance of the flt of face­
p1eces, mouthpieces, hoods, or helmets; 

(3) Interference with the wP.arer's 
activities; and 

(4) Shut.off of airflow due to kinking, 
or from chin or arm pressure. · 
§ 11.156 Harnesses; installation and 

constructicn,; minimum require­
ments. 

<a) Each respirator shall, where nec­
essary, be equipped with a suitable 
harness designed and constructed to hold 
the componements of the respirator in 
position against the wearer's body. 

(b > Harnesses shall be designed and 
constructed to permit easy removal and 
replacement of respirator parts and, 
where applicable, provide for holding a 
full. faceplece in the ready position when 
not in use. 
§ 11.157 Respirator containers; mini­

mum requirements. 

Respirators shall be equipped with a 
substantial, durable container bearing 
markings which show the applicant's 
name, the type and commercial desig­
nation of the respirator It contains and 
LJ} appropriate approval labels. 
§ 11.158 Half-mask fac5Pieces, full 

facepieces, mouthpieces, hoods, and 
helmets; fit; minimum requirements. 

(a) Half-mask facepieces and full 
fa.cepl.eces shall be designed a.nd con­
structed to flt persons with various facial 
shapes and sizes either: Cl) By provid­
ing more than one facepiece size, or (2) 
by providing one facepiece size which 
will flt varying facial shapes and sizes. 

<b> Hoods and helmets shall be de­
signed and constructed to flt persons 
with various head sizes, provide for the 
optional use of corrective spectacles or 
lenses, and insure against any restriction 
of movement by the wearer. 

<c> Mouthpieces shall be equipped 
with nosecllps which are securely at­
tached to the mouthpiece or respirator 
and provide an alrtlgnt flt. 

RULES AND REGULATIONS 

(d) Full facepieces shall provide for 
aptional use of corrective spectacles or 
lenses which shall not reduce the respi­
ratory protective qualities of the respi­
rator. 

(e) Facepieces, hoods, and helmetr. 
shall be designed ::.0 prevent eyepiece 
fogging. 

§ 11.158-1 Facepieces, hoods, and hel. 
mets; eyepieces; minimum require­
ments. 

Facepleces, hoods, and helmets shall be 
designed and constructed to provide ade­
quate vision which Is not distorted by 
the eyepieces. 
§ 11.159 Inhalation a~d exhalation 

valves; minimum requirements. 

<a> Inhalation and exhalation valves 
shall be provided where necessary and 
protected against distortion. 

(b) Inhalation valves shall be de­
signed and constructed to prevent exces­
sive exhaled air from entering cartridges 
or adversely affecting canisters. 

<c> Exhalation valves shall be: Cl) 
Protected against pamage and external 
influence, a.nd (2) designed and con­
structed to prevent Inward leakage of 
contaminated air. 
§ 11.160 Head harnesses; minimum re­

quirements. 

<a> Facepleces shall be equipped with 
adjustable a.nd replaceable head har­
nesses designed and constructed to pro­
vide adequate tension during use and 
a.n even distribution of pressure over the 
entire area In contact with the face. 

<b> Mouthpieces shall be equipped 
where applicable, with an adjustable and 
replaceable harness designed and con­
structed to hold the mouthpiece In place. 
§ 11.161 Air velocity and noise levels; 

hoods and helmets; minimum re­
quirements. 

Noise levels generated by the respira­
tor will be measured inside the hood or 
helmet at maxlmwn airflow obtainable 
and shall not exceed 80 dBA. 
§ 11.162 Chemical cartridge respirators; 

performance requirements; general. 
Chemical cartridge respirators and the 

Individual components of each such de­
vice shall, as appropriate, meet the min­
imum reqllirements for performance a.nd 
protection speclfted in the tests dererlbed 
1n §§ 11.162-1 through 11.162-8. 
§ ll.162-1 Breathing resistance test; 

minimum requirements. 

< a) Resistance to airflow will be meas­
ured in the facepiece, mouthpiece, hood, 
or helmet of a chemical cartridge respi­
rator mounted on a test fixture with ':I.Ir 
flowing at a continuous rate of 85 liters 
per minute, both before and after each 
test conducted in accordance witli 
H 11.162-5 through 11.162-8. 

<b) The ma.xlmwn allowable resist­
ance requirements for chemical cartridge 
respirators are as follows: 

MAx!IIUII REsJBTANC& 
(mm, water-column height) 

Type of chemical cartridge 
respirator 

For gase.,, vapors, or gases 
and vapors··· · ········-··--·· 

For gases, vaporsd or gases 
and vapors, an dusts, 
fumes, and mists····---····-· 

For gase.,, vapors or gases 
and vapors, and mists of 

f~~~~~~~~:-~~---------· 

Inhalation Ezhala­
Uon 

Initial Final I 

40 ~ 20 

IIO 70 20 

IIO 70 20 

1 Measured at end or service Ure specified In Table 11. 

§ 11.162-2 Exhalation valve leakage 
test; minimum requirements. 

<a> Dry exhalation valves and valve 
seats will be subjected to a suction of 
25 ·nun. water-column height while in 
a normal operating position. 

(b) Leakage between the valve and 
valve seat shall not exceed 30 milllliters 
per minute. 
§ ll.162-3 Facepiecc test; minimum re­

quirements. 

<a> The complete chemical cartridge 
respirator will be fitted to the faces of 
persons having varying facial shapes and 
GiZ&. 

Cb> Where the applicant specifies a 
facepiece size or sizes for the respirator 
togethet with the approximate measure­
ment of faces they are designed to flt, the 
Bureau will provide test subjects to suit 
such facial measurements. 

(cj Any chemical cartridge respirator 
part which must be removed to perform 
the faceplec~ or mouthpiece flt test shall 
be replaceable without special tools and 
without disturbing faceplece or mouth­
piece fit. 

<d> The faceplece or mouthpiece flt 
test using the positive or negative pres­
sure recommended by the applicant and 
described In his Instructions will be used 
before each test. 

<e> Cl> Each wearer will enter a cham­
ber containing 100 p.p.m. isoamyl acetate 
vapor for half-mask facepleces, and 1,000 
p.p.m: for full !acepleces, mouthpieces, 
hoods, and helmets. 

<2> The. faceplece or mouthpiece may 
be adjusted, if necessary, in the test 
chamber before starting the test. 

<3> Each wearer will remain· In the 
chamber !or 8 minutes while performing 
the following activities: 

(I) Two minutes, nodding and turning 
head; 

<il) Two minutes, calisthenic arm 
movements; 

<ill> Two minutes, running In place; 
and 

(iv> Two minutes, pumping 'With a tire 
pump intc · a 28-llter (1 cubic-foot> 
container. 

<4> Each wearer shall not detect the 
odor of lsoamyl-acetate vapor durtng the 
test. 

121 

FEDERAL REGISTER, VOL. 37, NO. 59-SATURDAY, MARCH 25, 1972 



§ 11,162-4 Lacquer and enamel mist 
teats; respirators with filters; mini• 
mum requirement.I; 1eneral, 

<a> Three respirators with cartridges 
conta.inlng or liaving attached to them, 
filters for protection against mists of 
Paints, lacquers, and enamels shall be 
tested in accordance with the provisions 
ot § 11.162-8. 

<b> In addition to the test. require­
ments set forth in paragraph <a> of this 
section, three such respirators will be 
tested against ea.ch aerosol in accordance 
with the provisions of H 11.162-5 and 
11.162-6. 

§-11.162-5 Lacquer mist teat ; minimum 
requirements. 

<a> Temperature in the test chamber 
will be approximately 25• C. 

<b> Continuous airflow through the 
respirator will be 32 liters per ml.Iiute 
for air-purifying respirators, and not less 
than 115 liters per ml.Iiute to tight fitting 
facepieces and 170 liters per minute to 
loose-fitting hoods and helmets of pow­
ered air-purifying respirators. 

<c> Airflow through the chamber will 
be 20-25 air changes per ml.Iiute. 

Cd) The e.oomizer employed will be a 
No. 64-5 nozzle with setup 3, or equiv­
alent, opera.ting at 69 kN/m'. <10 Pounds 
per square inch gage> . 

Ce> The test aerosol will be prepared 
by atomizing a mixture of one volume of 
clear cellulose nitrate lacquer and one 
volume of lacquer thinner. 

<f> The Jacque.- used will conform es­
sentially to Federal Specification TT-L-
31, October 7, 1953. 

(g) The concentration ot cellulose 
nitrate in the test aerosol will be 96-125 
milligrams per cubic meter. 

<h> The test aerosol will be drawn to 
each respirator for a total of 156 ml.Iiutes 
for air-purifying respirators and 240 
minutes for powered air-r>uri!Y.~ 
respirators. 

<l> The total amount of unretained 
mlst ln the samples taken during testing, 
we\ghoo as cellulose nitrate, shall not ex­
r.eed 5 mill1grams for an air-purifying 
respirator, 28 milligrams for a powered 
air-;rurifying respl.rp,1:.or with tlght­
fitttng fo.c,~iece, and 41 milligrams tor 
a powered rur-purifying respirator with 
loose -fitting· hood or helmet. 
§ 11.1(,2-6 Enamel mist test ; minimum 

~.i:-,ic.i. toj,h· ~ . ......... : .c .; ls. 

<a> Tlmpci·ature in t..he test chamber 
will he l\!)proidml, tely 25° C. 

Cb) Contln11ons FLirflow through the 
respirator wUl he 3.:>. liters per minute tor 
atr-purlfy!n!{ :rr,.~·0t n1 tors, and not less 
than 115 liters per minut.e to tight-fl.t­
ting facepieces and 170 liters per ml.Iiute 
to loose-fitting hoods and helmets of 
powered air-purif~g respire.ton. 

<c> Afrflow thr,mgh the chamber will 
he 20-25 air changes per minute. 
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Cd> The atomizer employed will be a 
No. 64 nozzle with setup lA, or equiv­
alent, apere.ttng at 69 k:N/m'. (10 pounds 
per square inch gage>. 

· <e> The test aerosol will be prepa.red 
by a.tomlzing a mixture ot 1 volume ot 
white enri.mel and 1 volume ot turpentine. 

<f> The enamei used will conform es­
sentially to Pederal Specification TT-E-
489b, May 12, 1953 <an enamel h~ving a 
phthalic · alkyd resin vehicle and a 
titanium dioxide pigment>. 

(g) The concentration of pigment in 
the test aerosol, weighed as ash, will be 
95-125 milligrams per cubic meter. 

<h> The test aerosol will be drawn to 
each respirator tor a total of 156 minutes 
for air-purifying respirators and 240 
minutes for power air-purifying 
respirators. 

m The total a.mount of unretained 
mist in the samples taken during testing, 
weighed as ash, shall not exceed 1.5 
milligrams tor any air-purifying respi­
rator, 8."3 milligrams tor a powered air­
purifying respirator with tight-ftttlng 
facepiece, and 12.3 milligrams for a 
powered air-purifying respirator with 
loose-fitting hood or helmet. 
§ 11.162-7 Dust, fume, and mist tests; 

re.ipiratore with fihen; minimum re­
quirements; general. 

<a> Three respire.tors with cartridges 
containing, or having attached to them, 
filters for protection against dusts, 
fumes, and mists, except the mists of 
paints, lacquers. and enamels, will be 
tested in accordance with the provisions 
of§ 11.162-8. 

<b> In addition to thP. test require­
ments set forth in paragraph <a> of this 
section, three i;uch respire.tors will be 
tested, as appropriate, in accordance 
with the provisions of H 11.140--1 
through 11.140- 14. however, the maxi­
mum allowable resistance of complete 
dust, f1une, and mist, and pa, vapor, or 
gas and vapor chemical .cartridge res-
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pirators shall not exceed the mulrnum 
allowable limits set forth in 111.182-1. 
§ 11.162-8 Bench teeta; gas and vapor 

teeb; minimum requirertents; gen­
eral. 

<a> Bench tests will be made on an 
apparatus that allows the test atmos­
phere at 50 ±5 percent relative humid­
ity and room temperature, approximately 
25° C., to enter the cart.rtdges contin­
uously at predetermined concentrations 
and rates of flow, and that has means 
for determining the test life of the 
cartridges. 

<b> Where two cartridges arP- used in 
parallel on a chemical cartridge respi­
rator, the bench test will be performed 
~th the cartridges arranged in parall~l. 
and the test re')uirements will apply to 
the combination rather than to the in­
dividual cartridges. 

<c> Three cartridges or pairs of 
cartridges will be removed from con­
tainers and tested as received from the 
applicant. 

<d> Two cartridges or pairs of cart­
ridges will be equilibrated at room tem­
perature by vassing 25 percent rale.tive 
humidity air through them at the fol­
lowing flow rates <expressed in liters per 
minute <I.p.m.> > for 6 hours: 

Alrftoto 
Type of cartridge: rate, l.p.m . 
All' purifying ••• - - ---- - --- ---------- 25 
Powered a1r purifying with tight-

titting faceplece _________ ..:_ ________ 115 

Powered air purifying with looee-
tlttlng hood or helmet_______ ______ 170 

<e> Two cartridges or pairs ot car­
tridges wm be equillbra.ted by pas:;ing 85 
percent relative humidity air th:l'ough 
them at the flow rates stated In para .. 
graph <d> of this section. 

(f) All cartridges will be resealed, kept 
in an upright position, at room tempera­
tures, &nd tested within 18 hours. 

<g> Cartl'idges will be tested and shall 
meet the minimum requirements set 
forth in Table 11. 

T.lllLJ: 11.-C.lllTIUDOJ: BENCH TEST1! A.ND REQUIIIJ:IIENT1! 

(30 CFR Part 11, Subpar t L , '11.lei-8) 

Teet atmoapbel'9 

Cartridge Test condition Ouor 
vapor 

Ammonia •• · ·- - - ---- A.a received _____ __ NH1 
Ammonia _. --- -- - - -- Equ111brate<f ____ __ NH1 Chlorine ______ _______ As received •• , ____ Cit 
Chlorine _____ ___ . __ __ , Equ.Hlbratecl ___ __ _ Ch . 
HJdrotien ehlortde __ _ AJ received ••••• • - HCl 
Hydr,en chloride ___ EquWbratecL ____ HCl 
Metby a.mine ___ ____ As received _____ __ CH

1
NH

1 
Methyl amine. ------ Equilibrated ______ CH1 NH, 
Organlcvapon _____ _ Aarecelved. __ ____ CCI, 
O~anJc vaf:f,n·- ---- Eqn111brated __ ___ _ cci. 
Sn lurdlot de ___ ____ Asrecelved _____ __ 80

1 Sulfur dlotlde __ ____ _ Equlllbrated ____ __ 80, 

Concentra,. 
tlo!I 

(p.p.m.) 

1000 
1000 

IIOO 
6!IO 
IIOO 
IIOO 

1000 
1000 
1000 
1000 
600 
600 

Flowrate 
O.p.m .) 

M 
31 
M 
:n 
M 
32 
64 
32 
M 
32 
M 
32 

Number 
of test. 

3 

' 3 

' 3 

' 3 

' 3 

' 3 

' 

Pen&- Minimum 
tnitlon • life• 
(p.p.m.) (ml n.) 

60 60 
60 60 
6 36 
6 36 
6 60 
6 60 

JO 26 
10 26 
6 60 
3 60 

. 6 30 
6 30 

• Minimum life ,rill be determined at the Indicated penetration. 
1 Where a neplrator la dealped for reaplrato17 proteet1oa aplllllt more tha11 one type of pa 

or vapor, a.a for n11e In ammonia a.nd In chlorine, the mlnlmlWl llf~ aball be one-half that lbOWll 
for each t7pe or ga.11 or vapor. Where a rvplrator la du1-ned for reaplratory prot9Ctlon against 
more than one gaa ot a type, u for nae 111 chlorllM and 111lfar dioxide, the atated minimal 
life ab all apply. 
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Subpa11 M-Pesticide Respirators 
§ 11.170 Pesticide respirators; descrip• 

tion. 

Pesticide respirators, Including a.lJ. 
completely assembled respirators which 
are designed for use as respiratory pro­
tection during entry Into and escape 
from atmospheres which contain pesti­
cide hazards, are described according to 
their construction as follows: 

Ca> Front-mounted or back-mounted 
gas masks; 

Cb) Chin-style gas mask; 
Cc> Chemical cartridge; 
Cd> Air-purifying respirator with at 

tached blower; and, 
<e> Other devices, including combina­

tion respirators. 

§ 11.171 Pesticide respirators; required 
components. 

Ca> Each pesticide respirator described 
1n § 11.170 shall, where it.s design re­
quires, contain the following component 
parts: 

Cl> Facepiece, mouthpiece, and nose-
dip, helmet, or hood; 

(2) Canister with filter; 
C3) Cartridge with filter; 
<4> Harness; 
(5) Attached blower; and, 
C6> Breathing tube. 
Cb) The components of each pesticide 

respirator shall meet the minimum 
construction requirements set forth in 
Subpart G of this part. 

§ 11.172 Canisters and c.artridges in par­
allel; resistance reqairemenl.8. 

Where two or more canisters or car­
txldges are used in parallel, their resist­
ance to airflow shall be essentially equal. 
§ 11.173 Canisters and cartridges; color 

and markings; requirements. 

The color and markings of all canis­
ters and cartridges or labels shall con­
form with the requirements of the 
American National Standard for Identi­
fication of Gas Mask Canisters, Kl3.1. 
§ ll.17i Filters used with canisters and 

cartridgee; location; replacement. 

Ca> Paxticulate matter filters used In 
conjunction with a canister or cartridge 
shall be located on the tnlet side of the 
canister or cartridge. 

Cb) Filters · shall be incorporated into 
or. firmly attached to the canister or car­
tridge and each filter assembly shall, 
where applicable, be designed to perinit 
Its easy removal from and replacement 
on the canister or cartridge. 
§ 11.175 Breathing tubes; mirumum re­

quirements. 

Ca) Flexible breathing tubes used 1n 
conjunction with ·respirators shall be de­
signed and constructed to prevent: 

c 1 > Restriction of free head move­
ment; 

<2> Disturbance of the flt of face­
pieces, mouthpieces, hoods, or helmets; 

(3) Interference with the wearer's ac­
tivities; and, 

(4) Bhutotr of airflow due to kinking, 
or from chin or arm pressure. 
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§ 11.176 Harnesses; installation and 
construction; minimum require­
ments. 

<a> Each respirator shall, where nec­
es.sary, be equipped with a suitable har­
ness designed and constructed to hold 
the components of the respirator 1n po­
sition against the wearer's body. 

<b> Harnesses shall be designed and 
constructed to permit easy reJlloVal and 
replacement of respirator parts, and, 
where applicable, provide for holding a 
full faceplece in the ready position when 
not in use. 
d 11.177 Respirator containers; mini­

mum requirements, 

<a> Respirators shall be equipped with 
a sul.istantial, durable, container bearing 
markings which show the applicant's 
name, type, and commercial designation 
of the respirator it contains, and all ap­
propriate approval labels. 

Cb) Containers for gas masks shall br. 
designed and constructed to permit easy 
removal of · the mask. 
§ 11.178 Half-mask facepieces, full 

facepieces, hoods and helmets, and 
mouthpieces; fit; minimum require-
ments. · 

<a> Half-mask faoepleces and full 
facepieces shall be aeslgned and con­
structed to flt persons with various facial 
shapes and sizes either: < 1 > By providing 
more than one facepleca size, or (2) by 
providing one faceplece size which will 
flt varying facial shapes and sizes. ' 

<b> Full facepieces shall provide for 
optional use of corrective. spectacles or 
lenses, which shall n(lt reduce the 
re6plratory protective quality of the 
respirator. 

Ccl Hoods and helmets shall be de­
signed and oonstructed to flt persons 
with various head .sizes, rermtt optional 
use of corrective spectacles without re­
ducing the respiratory protective quali­
ties of the respirator, and Insure against 
any restriction of movement by the 
wearer. 

(d> Pesticide respirators with mo~th­
pieces shall be equipped with nosecllps 
which are securely attached tc the 
mouthpiece or respirator and provide an 
airtight seal. 

< e> Facepleces, hoods, and helmets 
shall be designed to · prevent eyepiece 
fogging. 

(f) Half-mask fll.Cepieces shall TJ.ot 
Interfere with the flt of ccmmon tndus­
tr;a1 safety corrective spectacles as deter­
mined by the facepiece tests 1n § 11.183-
3. 

§ 11.179 Facepieces, hoods, and hel­
mets; eyepieces; minimum require­
menl.8. 

<a> Facepieces, hoods, and helmets 
shall be de.signed and constructed to pro­
vide adequate vision. which ts not dis­
torted by the eyepiece. 

Cb> All eyepieces of. gas masks shall be 
designed and constructed to meet the 
impact r.nd penetration requirements 
spectfled 1n Federal Spectflcation, Mask, 
Air line: and Respirator, Air Ftltertng, 

Industrial, GOG-M-125d, October 11, 
1965. 

§ 11.180 Inhalation and exhalation 
valvee; minimum req a irements. 

Ca) Inhalation and exhal£,tion valves 
shall be protected llgainst dl.::tortlon. 

(b) Inhalation valves sl:mll be designed 
and constructed and provided where 
necessary to prevent excessive exhaled 
air from adversely affecting cartridges, 
canisters, and filters. 

<c> Exhalation valves shall be: 
Cl> Provided where necessary; 
(2) Protected against da:nage and ex­

tem9.I influence; and, 
<3> Designed and r,onstructed to pre­

vent inward leakage of contaminated air. 
§ 11.181 Head harnesses; minimum re­

·quirements. 

<a> Facepieces shall be equipped with 
adjustable and replaceable head har­
nesses designed and constructed to pro­
vide adequate tension during use and an 
even distribution of pressure over the 
entire area In contact with the face. 

<b> Mouthpieces shall be equipped, 
where applicable, with adjustable and 
replaceable harnesses designed and con­
structeci to hold the mouthpiece In place. 
§ 11.182 Air vel.xity and noise le•,els; 

hoods and helmets; minimum re­
quirements. 

Noise le·,rels generated by the respira­
tor will be measured inside the hood or 
helmet at maximum obtainable airflow 
and shall not exceed 80 dBA. 

§ 11.183 Pesticidt> respirators; perform­
ance requirements; general. 

Pesticide respirators and the Individ­
ual component.s of each such device shall, 
a;; appropriate, meet the requirements 
for performance a."ld protection specified 
1n the tests described 1n §§ 11.183-1 
th,:-ough ll .18S-7. 

§ 11.183-1 Breathing resistance ,test; 
mlnimum requirements. 

Ca> Airflow resistance \\'ill be meas­
ured 1n the faceplece, mouthpiece, hood, 
or helmet of a pesticide respirator 
r,1ounted on a test flxtur'? with air flow­
ing at a continuous rate of 85 llters 
per minute, both before and after each 
test conducted 1n accordance with 
§§ 11.183-4 and 11.183-7. 

Cb> Tht maximum allowable resist­
ance requ!rements for pesticide respira­
t'.>rs are as follows: 

MAXIMUM RESISTANCE 

(mm. water-oolumn hc.Jght) 

Inhalation Exha· 
Type of Pesticide n!8plrator Initial Final • latlon 

Front. oc back·mounted ps 
mask .•..•••.••••••••••••••••• 

Chln~t:yle gas mast •••••••••••• 
Powered atr.purtfylnr ••••••••••• 
Chemical cartridge ••••••••••••• 

70 
& 

II!() 
I!() 

1111 
80 

170 
70 

20 
20 

12(J 

20 

• Moasurod at end or the eervfce Ure spec;lled In Table 
12

i Re.slstance of ftlter(s), eartrtdgo(s), and breathing 
tubo(s) only with blower not operating. 
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§ ll,183-2 Exhalation valve leaka1e 
teat; minimum requirements. 

(a) Dry exhalation valves and valve 
seats will be subjected to a suction at 25 
mm. water-colwnn height while In a 
normal operating position. 

Cb) Leakage between the valve and 
valve seat shall not exceed 30 milliliters 
per minute. 

§ 11.183-3 Facepiece test; minimum re­
quirements. 

<a> The complete pesticide respirator 
will be fitted to the ::aces of persons hav­
ing varying facial shapes and sizes. 

Cb) Where the applicant specifies a 
faceplece size or sizes for his' respirator 
together with the approximate measure­
ments of faces they are designed to flt, 
the Bureau· will provide test subjects to 
suit such facial measurements. 

(c) Any pesticide respirator part which 
must be removed to perform the face­
piece flt test shall be replaceable without 
special tools and without disturbing face­
piece flt. 

(d) The faceplece or mouthpiece flt 
test- using positive or negative pressure 
recommended by the applicant and de­
scribed In his instructions will be used 
during each test. 

(e) (-1) Each wearer will enter a cham­
ber containing 1,000 p.p.m. isoamyl­
acetate vapor !or a respirator equipped 
with a full faceplece, mouthpie(le, hood, 
or helmet and 100 p.p.m. isoamyl-acetate 
vapor for a respirator equipped with a 
half-mask facepiece. 

(2) The facepiece, mouthpiece, hood, 
or helmet may be adjusted, if necessary, 
in the test chamber before startinit the 
test. 

( 3) Each wearer will remain in the 
chamber while performing the follow­
Ing activities : 

(1) Two minutes, nodding and turn­
ing head ; 

(11) Two minutes, calisthenic arm 
movements; 

(111) Two minutes, running in place; 
and, 

<iv) Two minutes, pumping with a 
tire pump into a 28-llter Cl cubic foot> 
container. 

(4) Each wearer shall not detect the 
odor of isoamyl-acetate during the test. 
§ U.183-4 Silica dust test; minimum re­

quirementa, 

Three completely assembled pesticide 
respirators will be · tested with a 
mechanical-testing apparatus as fol­
lows: 

<a> Temperature in the test chamber 
will be approximately 25° C. 

(b) Continuous airflow through the 
respirator will be 32 liters per minute 
for front-mounted, back-mounted, and 
chin-style gas mask pesticide respirators 
and chemical cartridge pesticide respira­
tors, and not less than 115 (4 cubic feet) 
liters per minute to tlght-fltting face­
pieces and 170 liters ( 6 cubic feet) per 
minute to loose-fitting hoods and hel­
mets of powered air-purifying respira­
tors. 

<c> The test aerosol will contain 5~0 
milligrams of 99+ percent free silica per 
cubic meter of air. 
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(d) The particle size distribution of 
the test suspension will have a geometric 
mean diameter of 0.4 to 0.6 micrometer, 
with a standard geometric deviation less 
than 2. 

(e) Front-mounted, back-mounted, 
and chin-style gas mask pesticide res­
pirators and chemical cartridge pesti­
cide respirators will be tested for 90 
minutes and powered air-purifying res­
pirators will be tested for 4 hours. 
§ 11.183-5 Lead fume lest ; minimum 

requirements. 

Three completely assembled pesticide 
respirators wlll be tested with a 
mechanical-testing apparatus as follows : 

(a) Continuous airflow through the 
respirator will be 32 liters per minute 
for front-mounted, ba.~k-mounted, and 
chin-style gas mask pesticide respirators 
and chemical cartridge pesticide res­
pirators and not less than 115 liters (4 
cubic feet) per minute, for powered air­
purifying respirators with tight-fitting 
facepieces, and not less than 170 liters 
(6 cubic feet) _ per minute for powered 
air-purifying respirators with loose­
fitting hoods and helmets. 

(b) The test aerosol will contain 15-
20 milligrams of freshly generated lead­
oxide fume, calculated as lead, per cubic 
meter of air. 

(c) The fume will be generated by im­
pinging an oxygen-gas flame on molten 
1ead. 

(d) Front-mounted, back-mounted, 
and chin-style gas mask pesticide res­
pirators and chemical cartridge.pesticide 
respirators will be tested for 90 mlnut'es 
and powered air-purifying pesticide res­
pirators wlll be tested for 4 hours. 

Ce> The total amount of unretained 
test suspension, which ls analyzed and 
calculated as lead, shall not exceed: 
Cl> 0.43 milligram for any 90-mlnute 
test; (2) 4.8 milligrams for any 4-hour 
test made at 115 liters (4 cubic feet) 
per minute ; or C3l 6.2 mllligrams for any 
4-hour test made at 170 liters <6 cubic 
feet) per minute. 

§ 11.183-6 Dioctyl·phthalate test; min. 
imum requirements. 

<a> All canisters submitted for use 
with front-mounted and back-mounted 
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gas mask pesticide respirators will be 
tested in an atmospheric concentration 
of 100 micrograms of dioctyl-phthalate 
per liter of .air at continuous flow rates 
of 32 and 85 liters per minute for a test 
period of 5 to 10 seconds. 

Cb) The DOP leakage through the 
canister shall not exceed 0.03 percent of 
the ambient DOP concentration. 
§ ll .183-7 Bench tests; minimum re. 

quiremenls, 

<al (1) Bench tests will be made on 
an apparatus that allows the test atmos­
phere at 50±5 percent relative humidity 
and at room temperature (25°±2.5° C.l 
to enter the canister or cartridge at pre­
determined concentrations and rates of 
flow, and that has a means for determin­
ing the test life of the canister or car­
tridge against carbon tetrachloride. 

(2) Canisters and cartridges will be 
tested as they are used on each pesticide 
respirator, either singly or in pairs. 

(3) Three canisters or cartridges or 
pairs of cartridges will be removed from 
containers and tested as received from 
the applicant. 

(4 ) Two canisters, cartridges, or pairs 
of cartridges will be equilibrated at room 
temp·erature by passing 25 percent rela­
tive humidity air through them at the 
following flow rates (expressed as liters 
per minute Cl.p.m.> > for 6 hours: 

Type o/ canister 
or cartridge 

Airflow 
rate, 

Z.p.m. 
Alr-purl!ylng ca.nlster·-------- -----· - 64 
A!r-purl!ylng ca.rtrldge-·-- · ---- ·----- 25 
Powered air-purifying with tight-

fi t ting !aceplece. ___ ·----- -- ·------ 115 
Powered alr-purt!ylng with l008e­

ftttlng hood or helmet_ ____ ___ _____ 170 

(5) Two canisters, cartridges, or pairs 
of cartridges will be equilibrated at room 
temperature by passing 85 percent rela­
tive humidity air through them at the 
flow rates stated in subparagraph (4) of 
this paragraph for 6 hours. 

(6) The equilibrated canisters or car­
tridges will be resealed, kept In an up­
right position at r.oom tempera.ture, and 
tested within 18 hours. 

<bl Canisters and cartridges tested In 
accordance with the provisions of this 
section shall meet the requirements spec­
ified in Table 12. 

TAIILE 12.-CARB O!< TETRACHLORIDE BENCH TESTS AND REQUIREMENTS FOR C ANISTERS AND CARTRIDOF.J 

(30 CFR Part 11, Subpart M, f 11.183-7) 

Test concentra.- Minimum Ille, 
Type of pesticide respirator tloos08f m. 

Flow rate 
l.p.m. Number of le.,ta minutes 1 

Chest-mounted or back.mounted g .. m .. l< ("" 
received) ...... .. ... . ... . .... ... ... ... .. ... . . . . .. . 20,000 M 3 12 

Chest•mounted or bacl<•mounted G"" m ... l< (equll· 
20,000 lbrated) .. . .. .... . .. . .. ... ... .. . ... . ........... .. 32 4 12 

Chln-stylegaamask (llll rectll ved) . ......... . ..... . .. 6,000 M 3 9 
Chin.style gllll mlllll< (eQulllbrated) .. . .... .. ...... . . 6,000 32 4 9 
Chemlcal-<:artrldge respirator ( ... received) ..... .. . . 1,000 M 3 l50 
Chemlcal-<:artrldge respirator (equilibrated) .... ... . 1,000 32 4 l50 
Powered alr·pu:11ylng respirator (tlght-flltlng 

I laceplece,llllrectllvO'I) ... . . ... .. .. .... . .... . . .... 1, 000 '116 60 

p1::tece,a~~·~~~~) . ~~~
1
~~~~ •. • <~'.~~.~~~~'.~!. a 

1,000 1116 4 2 

p~;~~~~ri~~~)~~;~~~ . ~~:~.t.t'.~~. ~.~~~ 1,000 1170 I 60 
Powered alr·purllylng re.,plrator Ooose·lltting hood 

1170 ' 21 or helmet, equilibrated) ........... . ... . . . ... ... .. 1,000 

• Minimum Ille will be determined at 6 p.p.m. leal<Bl(o. 
• Tho flow rate shall be tho effective flow rate of tho device, but shall be not !Em !ban 116 Lp.m, 
• The flow rate ~hall be theeffecUveflow rateolthedevloo, but shall be not!- than 170 L p.m.i 

[PR Doc.72---U HS l"Ued 3---M-7'2;8 :46 amJ 
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APPENDIXC 

RESPIRATOR DRYING CABINET 

One 18 by 36 by 78-in. three-shelf steel cabinet with 
double doors 
Three 15-3/4 by 35-3/4 in. pieces of 1/4-in. stainless 
steel mesh for shelves 
One 10 by 10 in. piece of window screen for exhaust 
port 
One small portable electric heater with fan, 115 Vac, 
1650 W 
Thirty-two size 10 eyebolts 
Thirty-two clothespins with metal hanging clips 
Thirtv-two spring clips 
0 to !ROOF thermometer 
Size 10 nuts anrl bolts. 

CABINET MODIFICATION 

On one sirle . m•ar the bot.tom. cut a hole anrl bolt 
the heater in place. Make sure the heater has a 
three-wire (grounded) plug. In the top of the cabinet, 
cut an 8 b:v 8-in. exhaust port anrl cover it with win-

dow screen. Cut away each shelf, leaving 1-1/2 in. at 
each edge, and bolt the stainless steel mesh in place. 
On the bottom and second shelves, screw the small 
eye bolts into this mesh about 3 in. apart, and spac­
ed so that 16 masks can hang in a double row from 
each shelf without touching each other. The 
clothespins hang from the eyebolts by specially 
fabricated metal clips. The thermometer is suspend­
ed by a small clamp. 

The temperature inside the cabinet is kept at 120 
to 140°F. After the cabinet has been loaded with 
masks, the temperature averages about 125°F on the 
top shelf to 135°F at the bottom of the low-hanging 
masks. 

The normal cabinet load is 10 to 15 full-face and 
24 half-mask respirators and their filter holders. The 
greatest practical capacity, using both hangers and 
shelves, is 30 full-face or 60 half-mask respirators. 
The average drying time is 1 to 1-1/2 h. The total 
cost of materials and labor is less than $150.00. 
Figures C-lthrough C-3 show this cabinet. 
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Figure C-3. 
Cabinet loaded with masks. 
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APPENDIXD 

QUANTITATIVE RESPIRATOR FITTING TEST PROCEDURES 

Except for procedures peculiar to instrument 
operation and calibration, quantitative respirator 
fitting tests are practically identical. The following 
is a suggested procedure for use in all types of test 
systems. 

I. PRELIMINARY CHECKOUT PRO­
CEDURES 

A. Start up and calibrate the test system accor­
ding to manufacturer's instructions. Be sure that the 
system is stable and that the aerosol or gas concen­
tration in the enclosure has reached equilibrium . 

B. Inspect all respirators to be used in the tests for 
defects and cleanness according to the procedures 
described in Chap. Nine. 

II. QUANTITATIVE FITTING TEST 
PROCEDURES 

A. Recheck the respirator before handing it to the 
test subject, paying particular attention to the 
sampling probe and line attached to the facepiece. 

B. Describe the test to the subject, making sure 
that he fully understands its purpose , the 
procedures, and the actions expected of him . 

C. If the subject is not familiar with wearing 
respirators, demonstrate correct wearing procedures. 
The subject's level of expertise usually becomes ap­
parent as he puts on the respirator. The untrained or 
poorly trained subject will put the respirator on in­
correctly or be hesitant in his movements. 

D. Have the subject put on the respirator, accor­
ding to manufacturer's instructions. Be sure he does 
not tighten the headstraps to the point of discom­
fort. Remember that this test should approximate 
working conditions in which the subject might have 
to wear the respirator continuously for an hour or 
two at a time. 

In testing a half- or quarter-mask, check its com­
patibility with safety glasses. If the subject's safety 
glasses interfere, try other brands of respirators of 
the same type. The subject may have to wear a full 
facepiece, which provides eye protection, if a half- or 

quarter-mask compatible with safety glasses cannot 
be found. 

E. Once it has been determined that the 
respirator is worn properly, the fit can be checked 
quickly using a qualitative fitting test. Make sure 
that the correct filter, cartridge, or canister for the 
particular test is installed in the respirator. Also 
make sure that the subject pinches off the sampling 
hose. If leakage is detected, try to determine its 
source and cause. If the leakage is from a poorly fit­
ting facepiece , try another brand of the same type of 
respirator. In fact, several different brands of 
respirators should be made available so the subject 
can choose the most comfortable, a very important 
aspect of fitting respirators. 

F. After the best possible qualitative fit has been 
obtained, the subject enters the test enclosure and 
connects the sampling hose. If necessary, and 
without disturbing the facepiece fit, replace the 
filter, cartridge, or canister used during the 
qualitative test with the air-purifying element re­
quired for the quantitative test. To minimize filter 
leakage, use high-efficiency particulate filters when 
the test agent is an aerosol. Allow enough time (2-3 
min) at this point for the test enclosure concentra­
tion to stabilize. Then recheck the test system 
calibration. 

G. In response to verbal instructions, the subject 
begins head and facial movements simulating those 
made during normal work. 

(1) Normal breathing with head motionless for 1 
mm; 

(2) Deep breathing (simulating that during hard 
work) with head motionless for 30 seconds. Do not 
prolong this exercise because of the danger of 
hyperventilation; 

(3) Turning head slowly from side to side while 
breathing normally, pausing for at least two breaths 
before changing direction. Continue for at least 1 
mm; 

(4) Moving head slowly up and down while 
breathing normally, pausing for at least two breaths 
before changing direction. Continue for at least 1 
mm; 

(5) Reading from a prepared text, slowly and 
clearly, and loudly enough to be heard and un­
derstood by the test operator. Continue for 1 min; 
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(6) Normal breathing with head motionless for at 
least 1 min. 
These exercises are more or less "standard" and 
have been found to provide a meaningful evaluation 
of respirator performance. Therefore, if they are us­
ed, the data can be compared with published infor­
mation. The times suggested for each are minimal 
and may be extended if needed to obtain better data. 

H. After the test, the subject leaves the test 
enclosure and removes the repirator. The operator 
should then ask about the respirator comfort and 
note any marks on the subject's face which indicate 
pressure points. If the test indicated a good fit, any 
discomfort may be due to a mismatch between the 
subject and the facepiece or to headstraps that are 
too tight. Every effort should be made to provide the 
most comfortable respirator possible. 

I. The test results may be analyzed and the 
protection level determined by one of two methods. 
The first involves watching a meter during the test 
to determine that penetration does not exceed acer­
tain value. On the basis of a protection factor (PF) of 
10 for respirators with half- and quarter-mask 
facepieces and 50 for those with full facepieces, max­
imum penetrations by the test agent should not 
significantly exceed 10 and 2%, respectively. A cer­
tain amount of professional judgment is involved in 
using this method. 

The second, much preferred, method is to record 
the entire test using a strip chart recorder operated 
at a chart speed of about 2 in . per min. Figure D-1 is 
a simulated recording that illustrates most of the 
things likely to occur in a test. 

Starting at the bottom of Fig. D-1, the first infor­
mation should uniquely identify the test by number, 
date, subject, and type ofrespirator. Next comes the 
test system calibration after the subject has entered 
the test enclosure, to establish the maximum span of 
the penetration-measuring instrument (" 100%" 
calibration). This should be done at least twice to 
ensure that the calibration is correct. 

Next follow the five exercises, separated by 
horizontal lines across the chart. As the penetration­
measuring instrument has several ranges, the range 
should be shown next to the right margin of the 
chart. When it becomes necessary to change the 
penetration range, as in the example under turning 
head from side to side (TH) , make a short mark 
where the change was made and indicate the new 
scale setting. 

Each exercise should be identified by some nota­
tion. In Fig. D-1 the following were used. 

130 

I I_ I I !---1 ' 
. . I .. I ; . ' .: 

.11 ~. 1 )~ t J. 1 J _1 ... ,. . -- -;·- ·- ·· -' 
..,_ I ' I I I I 

ffil 
I : . I I • : -~ IT I 1. , ! : ; -!ii~ 

• I : I I . , : I I . ; 
. : I , . I ! I . I I ! ~1 r , 1· . . . : ! I 

ft
l I iH; i .. L~li ! ; i . l : i 

- • I '. -~~~- ,;.-,·=j=-·- :~· -: t-,-+--':--/0%-
• ! : . ~ ~-="' :::_; . '. . .. : 1 : I , . , · , = , 4.2.5 . .. ; . . : 

.... ..'. -~ ... ,. -~ .. __ :~·--- _·1, 

. T .. : ~ = ' . ' . • . . --"/i t-l I • -1~~, 'Jx 2.ss '. •. i · i. j : : ! ; . 1 O •
1 ~ -., b ·:7s-'...~ (:) D-:.3 00---T · ,· · '" 

t:r · _ !~-: 2': 255 · _ -_- ! ,,.;,,-,;:, ~"·" 
'1 c~1L : · • /25 ! cHmc -~i0% ,,':t '. TH · · · ., " • : · -.-- ""-~ -=----~~_£_- .. ';'--:---~ ! ., : . : s r~r . j : . I . , '7% 
: ·!1 ! ~ ~~. 
I, : 1 , 1 • 1 - · ; • : : i :'-~~· m& _ n f-[J ':tDB;---:·t~ ! ·. f~'.~-: -- • , 

; . . : . . I ·. :, #, : . . 
i ·I ; ; . ! ! : ~.:: I 1 1 PENETRATIOII 
L.L . . -.NB . ~ .: . SCALE~ 
1 ! --:;;;<' · --~-~~--,...c. -"- -·O_· .51·- ·-·--- --- - 1% 
:EXEKCISE I • lj _ :.:.:':! i --.._PEAK AVE.'?/.GE 
. . \ : I . · ~ -= : I : ; PENt:fRAT/01.' 

. I ~ ! ; i : .i i : 
- l ! I I J ,:,_ I 

't] ! ... --::-- t-- , T T ! . , 
. I i i ! i . 1.: -: .. I.. 

l ~ I I - . ! . ! 
!· J. 

. . . . --,--.---,--, ~i---:--1-~ 
t.-·o· CALIBRATION ! : 

1 
·: - , .. , - -i-.-:1: i. ·. ;. , 

HJ : , I · !· ·· · .· ,· -! ··· : ~~ 
'F'1~- ! i . · 1. ! ·' ·. i •100~· CALIBRATl;N : __ ):i 
:·:· '. ! ::t :. · I . . : I_ I ·'· : ,, _ ' -~ ~- ,,~, 

GT-i - - ! ·1:-:-.·r-:-1· : f : ·1 ~ -i ! ·> ! : )19/71- :·-,· 
H .. ·:_Ll_:r-L . .. '.fi/:- --k-173-;-~-.\-~-~t-~ 

!·· ! "! I './ I . ! : : : . i l I : i : 
L 1 

! ;~ l · D.~ _Smdh. ! __ : ... l-_:_+·-l-!·--+--
, TEST. iOEN1'/FICAT/ON ' . : ' · ; ; I ; · ! 
j !. · I ~A BC {he. ':(a.ti' _('lets~ .~ 
~~~ v : ,r ",l f . 1.1 : . l ! I :. f I I . I • • . ' 

Figure D-1 . 
Typical quantitative fitting test strip chart 
recording. 

Normal breathing NB 
Deep breathing DB 
Turning head from side to side TH 
Moving head up and down UD 
Talking T 



These are suggested notations; others may be used, 
but they should be consistent. 

All the above notations should be made during the 
test. However, it is neither necessary nor desirable to 
calculate the penetrations until later. The operator 
should pay full attention to running the equipment 
and noting the subject's actions during the test. 

The cyclic nature of the recorder trace is a func­
tion of the subject's breathing cycle. As this example 
shows, in an air-purifying respirator with a half­
mask, negative air pressure created in the facepiece 
during inhalation increases the leakage. Exhalation 
creates slightly positive air pressure, reducing the 
leakage. Also, the lungs absorb some of the test 
agent, especially if it is an aerosol, thus reducing the 
quantity of test agent in the exhaled breath. Conse­
quently, the maximum penetration during inhala­
tion indicates the fraction of ambient concentration 
which has penetrated the facepiece . Therefore 
respirator performance is based on the average of the 
peak penetrations. 

After the test, the operator may analyze the recor­
ding. Thjs is done, treating each exercise separately, 
by drawing a line through the inhalation peaks to 
approximate their average. The midpoint of each 
line is the "average peak penetration" for the exer­
cise. This number should be entered on the chart for 
each exercise. Where the penetration chanRes 
abruptly, as in Fig. D-1 during the moving head up 
and down (UD) exercise, it is usually advantageous 
to split the data into more than one section and treat 
each separately. 

In the example, five chart divisions under UD 
showed a penetration of 2.55% and three showed 
3.75%. The average peak penetration for the entire 
exercise is calculated as follows . 

5 divisions x 2.55 = 12.75 
3 divisions x 3.75 = 11.25 
8 divisions 24.00 

24.00/8 = 3.00% peak average penetration. 
After the average peak penetration has been 

calculated for each exercise, the data may be entered 
on the fitting test record, shown in Fig. D-2. This 
form is only a suggestion, other formats may be 
devised to better meet individual needs. 

Shown in Fig. D-2 on lines (1)-(3), is the informa­
tion from the recorder chart which uniquely iden­
tifies the test. Lines (4) and (5) show the results of 
the qualitative pretest. In this case, the subject did 
not have a qualitative fit and had to readjust the 
respirator or tighten the headstraps. As line (5) 
shows, he then obtained a satisfactory seal. Line (6) 
indicates that the subject was able to wear safety 
glasses with the particular respirator without in-

11) ~cnt No.1:1._J_ 

QUhHTITI\TIV£ FITTING TCST 

(21 subject O. Snufh Datc_-3/_/9/75 , 
Ill ~espirator ABC Tnc. Ho(£ Ma5_ 
(4) Qualitative Pr(i)cst 1 Typc~Fit: Yes ____ No_x___ 

IS) Jtefit, Yes_x__No __ _ 

U) Cor:ipatible "1th ufety 9lauea1 Yo•___)(__ No ___ _ 

TEST RESULTS 

Excrchc 

(7) Nonr.al Breathing 

(I) Deep Breathing 

(9) Turning Head fro~ Side to Side 

(10) noving Hc.ld Up and Down 

(11) Talking 

(12) AVZMCC : Allowab1e_LQ__1, 

Peak Avcrac;c Penetration 

' a.2_ 

t2.Zi2. 
U.i.. 
3.00 

~ 

T<>•t Avenge /. 9 5 \ 
(13) FIT, Satist.ictory___){__ Unaatiafnctory ____ _ 

CU) co111fort R,"ltingr 1 2 (I) 

Figure D-2. 
Fitting test record. 

terference. This is important information as most 
workers are now required to wear eye protection. 

Lines (7)-(11) show the average peak penetrations 
calculated for each exercise. Line (12) shows the test 
criterion expressed as the maximum allowable 
average peak penetration. This is 10%, as the test in­
volved an air-purifying respirator with a half-mask 
facepiece. Line (12) also shows the test average peak 
penetration of 1.95% obtained by averaging the 
average peak penetrations for each exercise. Line 
(13) shows whether the overall performance was 
satisfactory or not. This determination is based on 
the qualitative fit, compatibility with safety glasses, 
and average penetration, which in this example had 
to be less than 10%. 

The subjective evaluation of the comfort of the 
particular respirator, shown on line (14) , is based on 
the criteria shown in Fig. D-3. All other factors being 
equal, final choice of a respirator should be based on 
comfort. A worker should not be required to wear a 
device he considers "uncomfortable" or "in­
tolerable." He may wear a "barely comfortable" 
respirator if the proposed usage is intermittent for 
short periods. 
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1. VERY co:trORTAllLE 

MASK CAN BE I/ORJI FOR A!I n :nEF!UITE PERIOD IIITHOUT BECOHrnc UNBEARABLY 

BO'IltERSO}iE OR PAINF1IL. NO PAIII POIU"IS : HASK FEELS COHFORTABLE . 

2, COMFORTABLE 

MASK Cl\N BE \/ORN FOR 2 TO 4 HOURS 1/ l THOUT UJIDUE DISCO!!FORT . SOME PRESSURE 

POIIITS 111TH SLIGHT DISCO~FORT. 

). ~ ffORTABLt 

MASK CAN BE I/ORN FOR APPROXU!ATELY 1/2 BOUR TO 1 HOUR 1/ITIIOUT IllTOLERABLE 

DISCO}:.fORT. Sc»!E DISCmIFORt FRmt Ptu:SSURE. 

4, UNCO:ffORTABLE 

MASK CA!I BE TOLERATED FOR THE PERIOD OF THE TEST ONLY, 

S, INTOLERARLE 

MASK = ~or BE I/ORN AT ALL IIITHOUT DISCOllFORT . 

llOT!: Thia table can be used aa the prepared text for the "Talking" exerche 

during the quantitative fitting tut. Thia vill uve the time for the 

•ubject to acquaint hiuelt vith thh table after the tut. 

Figure D-3. 
Respirator comfort ratings. 
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In summary, the above is a suggested procedure 
for conducting a quantitative respirator fitting test, 
evaluating the results, and recording the data 
meaningfully, without laborious record keeping. 
Moreover, the data will be compatible with those 
from other work. 



APPENDIXE 
~ 

QUANTITATIVE RESPIRATOR FITTING TEST EQUIPMENT 

Both NaCl and DOP aerosol systems are commer­
cially available (1975) from Air Techniques, Inc ., 
1717 Whitehead Road, Baltimore, MD 21207 and 
Frontier Enterprises, Inc., Box 30041, Albuquerque, 
NM 87110. The systems these concerns make differ 
little from the basic designs developed by the Los 
Alamos Scientific Laboratory (LASL) . The cost may 
vary, depending upon accessories, but it is generally 
about $8-10,000. Both the NaCl and DOP systems 
consist of an aerosol generation and dilution air 
system, an analyzing system, and a test enclosure. 

Figure E-1 illustrates a typical NaCl test system 
consisting of an internal or external compressed air 
source (1) that provides clean air at 50-100 psig to 
the aerosol generators (2) and combustion air to the 
burner (12) . A Wright-design nebulizer is used in all 
commercial systems and has been adopted as the 
standard means of generating an NaCl aerosol. 
Operated at 24 psi with a 1 % NaCl solution, it 

3 

produces an aerosol with an aerodynamic mass me­
dian diameter (AMMD) of 0.6 µm. Two nebulizers 
are provided in most systems, although the output 
from one is sufficient for most purposes. 

The aerosol generator injects the liquid droplets 
perpendicularly into the air stream flowing through 
the mixing and drying chamber (3), in Fig. E-1. The 
air for drying the aerosol ( -4 cfm) is supplied by an 
internal blower ahead of which is mounted a high­
efficiency filter. In passing through the mixing and 
drying chamber, the liquid NaCl droplets dry into 
discrete solid particles that are carried in the aerosol 
stream to the test enclosure. In this instance, the 
enclosure (5) is a test hood that covers the subject 
down to his waist, but particles also could be 
delivered to a small chamber. This test hood, based 
on a Harvard School of Public Health design, is com­
mercially available. The aerosol is delivered to the 
center top of the hood. Directly below the inlet is a 
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Figure E-1. 
NaCl quantitative fitting test system schematic. 
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small circular plate that helps distribute the aerosol 
stream evenly inside the hood. Even distribution is 
further ensured by a large perforated plate that 
forms the bottom of the aerosol distribution section. 

The chamber part of the hood is made of two, 
slightly separated, cylindrical walls of thin, 
transparent plastic. At the bottom of the outer wall 
is a cloth skirt that can be drawn snugly around the 
subject's waist to minimize leakage into the surroun­
ding area. The aerosol is exhausted through the an­
nular space between the inner and outer walls. 

As Fig. E-1 shows, two sampling tubes lead from 
the hood to the aerosol analyzing system. One tube 
(6) samples the concentration of NaCl aerosol par­
ticles in the chamber atmosphere, and it is used in 
calibrating the flame photometer. The 9ther tube (7) 
samples the NaCl aerosol particles in the air inside 
the respirator. A peristaltic (tubing) pump (9) is 
used to inject the sample into the flame photometer 
burner (10). 

On the inlet side of this pump are connected the 
sampling tubes from the test hood as well as a third 
sampling tube which is connected to a small high­
efficiency filter. This tube and filter (8) supply clean 
sampling air to the burner to calibrate the 
photometer . 

Combustion air for the burner (10) is supplied 
from the external or internal compressed air source 

(1) , and the propane fuel is supplied from an exter­
nal tank (11) . The amount of NaCl in the sample 
stream is determined by vaporizing the NaCl par­
ticles in the burner and detecting the emitted yellow 
light characteristic of sodium by using a sensitive 
photomultiplier tube (12) ahead of which is placed 
an optical filter (13) that passes only the sodium 
emission lines. The light intensity is directly related 
to the concentration of NaCl aerosol particles. 

The photomultiplier tube output is fed into the 
electronics (14) of the test system analyzing section, 
and the amount of aerosol in the sampled air is dis­
played as percentage of the ambient concentration 
in the hood, either on a meter or a separate strip 
chart recorder (15). 

The DOP quantitative respirator fitting test 
system is very like the NaCl system. As Fig. E-2 
shows, an internal or external compressed air source 
(1) supplies 3- to 5-psig air to the Naval Research 
Laboratory Model III design DOP generator (2) and 
LASL-designed round jet impactor (3). The 
equivalent generator and impa<;tor are found in com­
mercial systems, but external construction details 
may differ. 

The output from the generator and impactor 
assembly is injected into the dilution air chamber 
(4), perpendicularly to the air flowing through this 
chamber. The purpose is not to dry the aerosol, as it 
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Figure E-2. 
DOP quantitative fitting test system schematic. 



is an oil mist, but to reduce the aerosol mass concen­
tration to an acceptable level and maintain ade­
quate air flow to the test enclosure. The test 
enclosure (6) is identical to that for the NaCl system, 
and two sampling tubes sample the DOP aerosol in 
the hood and the interior of the respirator. A third 
sampling tube outside the test hood is connected to a 
small high-efficiency filter (9) to provide clean air to 
the forward light-scattering photometer (10). The 
amount of DOP aerosol in the sample stream is 
determined by the intensity of the light scattered 
forward from particles passing through the center of 
the conical scattering chamber. This light strikes the 
photomultiplier tube (12), and the tube output is fed 
into the electronic section (13) of the analyzer which 
is almost identical to that used in the NaCl system. 

The DOP concentration in the sample stream 
from the respirator, expressed as a percentage of the 
concentration in the test hood is displayed either on 
a meter or on a separate strip chart recorder (14). 

This description applies primarily to the 
prototype units designed and built at LASL, upon 
which the commercial systems are based. Im­
provements and changes are made continually, so 
presently available systems may not look like those 
described. The important point is that the hearts of 
these systems, the aerosol generators, are identical 
in all respects. 

In summary, these quantitative respirator fitting 
test systems provide the ultimate method for deter­
mining respirator fit . However, it is unrealistic to 
suggest that every respirator program have this 
capability . These systems are expensive and com­
plex and require trained operators. Therefore, they 
are most widely used by industrial firms that have 
very comprehensive respirator programs. On the 
other hand, if a small industrial firm must protect 
workers against highly toxic contaminants, the ex­
penditure for a quantitative respirator fit test system 
may be justified. 
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APPENDIX F 

JOINT NIOSH/OSHA STANDARDS COMPLETION PROGRAM 

RESPIRATOR DECISION LOGIC 

18 AUGUST i975 

I I I NI2LJWJU.1Wil 

THE PUR POSf. OF THf RE.SP I fH -TfJR DE"C IS IOfll LOGIC IS Tfl A SSll~E T EC HNI CAL 
ACCURACY ANO UNIFORMITY 8ET111EEN SUHSTANCfS JN THE SELECTION UF 
RESPIRATORS AND TO PROVIOF. NECESSARY CRITERIA TO SUPPnRT THIS SELECTIQN, 
THE DECISION LOGIC IS A STFP•~Y•STEP ELIMINATION UF INAPPAOPHIAT~ 
RESPIRATORS UNTIL ONLY THOSE "'HlCH ARE ACCEPTABLE HEMAIN 1 JUDGEMENT BY 
PERSONS ~N()WLEOGEABLE OF INHALATION HAZARDS A~D RESPIRATORY PROTECTION 
~QUIPMENT IS ES3ENT!AL. TU tNS~RE APPROPRIATf SELECTIU~ OF R~SPIHATORS 1 

THE PRIMARY TECHNICAL CRITERIA FOR ~HAT CONSTITUTES A PERMISSIBLE 
RfSPIRATOR IS ~ASEh UN THE TECHNICAL AEQUIRE~ENT§ OF ~O CFR PAHt 11 
Cl)EPARTMENT OF THE INTERIOR, BUREAII OF ,..INES, RESPIRATORY PROTECTIVE 
DEVICES AND TESTS FQR PERMISSIBILITY), THE P~OPOSEO SUBSTANCE HEALTH 
STANDARDS WILL ALLD111 ONLY RESPIAATOffS -APl'ROVEO BY THE BUREAU UF MINES 
COR MINING ENFORCEMENT AND SAFETY ADMINISTRATION (MESA)) ANO NIOSH UNDER 
3n CF"R 11, 

PR0TfCTI0~ FACTORS ARE CRITERIA USED IN DETERMINING WHAT LIMITING 
CONCENTRATIONS ARE TO ~E PERMITTED FOR EACH RESPIRATOR TYPE THAT WILL 
AFFORD ADEQUATE. PROTFCTicii.i . tb THE WEAR~R~ THE REFERENCED ~UBPARTS OF · 30 
CFR 11 GIVE TECHNICAL DESCRIPTI8NS CONCERNING EACH TYPE OR CLASS nF 
RESPIRATORS REFERENCED IN THf. DECISION LOGIC, 30 c,R 11 SHOULD BE USED 
WITH THt OECISIUN LOGIC I~ ORDER TO PROPERLY UNDERSTANO TH( CRI1ERIA FUR 
THE SPECIFICATION OF ALLO~ABLE RESPIRATORS, 

.1..1._.Gt.l:it:.IUL-JlEl;.U.lLltil I QG 1 C E~~ 

S!EP i , 

ASSEM8LE NECESSARY TOXICOLOGICAL SAFETY, AND RESEARCH INFORMATION FOR 
iH( PA~TlCULA~ CONfAHINA~T, TYPJCA(LY TH~ FOLLOWING ARE REGUIREDr 

1) PERMtSSlijLE EXPOSURE LIMITS SPECIFIED IN 29 CFR 1910,1000 CTARLES 
Z•i, 't:•2, A·Nn i.;.l), ··1~ESE A-RI t"HE F·oRMER 211 CFR "i910~9l TABLES, 

Z) WARNING PROPfRTIES IF THE SUBSTANCE IS A GAS OR A VAPOR, REFER 
Yo """PAIH p.r(B) OF THIS UJGIC, 

3) EYE IRRITATION POTENTIAL UF THE SUBSTANCE, REFER TO PART IV(D) 
OF 'tl-itS LOGIC, 

4) LFL (COWER FLAMMAqLE LIMIT) FOR THE SUBSTANCE, REFER TO PART 
lVCF) o, -r~rs LUG!C, 

5) IDLH CONCENTRATION FOR THE SUBST~NCE, REFER TO PART IV(E) OF 
ft.HS - LOGIC, . 

6) POSSIBILITY OF POOR SORBENT EFFICIENCY AT JDLH CONCENTRATION ANO 
BE:LO!of, REFF.R · -rn PA~T tV(c) OF nns LOGrc. 
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7) ANV EVIDENCE nF POSSIBLE SYSTEMIC INJURY OR DEATH RESULTING FROM 
AHSU~8ANCE OF THE SU~STANC( (AS A d&S OR VAPO~) T~R0uG~ -fR£ . SKIN, 
REFER TO PART lV(A) OF THIS LOGIC, 

8) THE VAPO~ PRESSURE r)F THE SUBSTANCE (AND £QUIV~L!~T PP~), 

s.u.e-2~-!lf..lf.at!llllE.-E.W.lC.il..ll.uE...LJ.E-Sw.l~, 

nETfHMINE THE PHYSICAL STATE(S) OF THE SUBSTANCE AS JT IS Ll~ELY TO Bf 
FNCOUNTEkt:r) IN TH£ tJCCUPAfJIJNAL ENVlRUNMfNT I lT WILL SE EITHERi 

A) GAS QR VAPOR, . 
B) PARTICULATE (OUST, FUMf OR MIST), OR 
Cl C0M8INATI0N OF {A) ~ND (R), 

sue ] :I ~E..d.tiLt.:. .L.USLE PE-ff.filWi.:UBLE BUf.1BUPBX 
eeoJECXlPtl-£.Oi-~Sl~ 

TMJS IS OONE USING THE MATERIAL FROM STEP 1 AND THE APPROPRIATE SPECIFIC 
DECISION LOG!C CHART FROM PART IIIUF' THIS LOGIC AND THE RESPtRAlOk 
P~OTECTION FACTORS IN APPENDIX J, 

I I I , A, seE C 1 EX C O.Et.l.U . .LltW.Wi.l.C-'Jil.Ei.I...EUi-Jr.Ue X HA TO(U 
fitPIE~ XX Oli. AGAltilSl-JlUtS..JJL:Ue.Llli3 

~ll.l~ 

ROUTINE USE 

SfL.Etl.lilli-.:i.EJllJ.E~f 

A} CONSIDER Sl(IN SORPTfoN ~ (SEE IV A), 

8) P08R WARNl~G PROPERTIES• ELIMINATE 
ALL AJH PURIFYING RESPIRATOR~ (SEE IV 8) 1 

·Cl EYE IRRITATION• ELIMINATE OR RESTRICT 
USE OF HALf MASK RESPIRATOR (SEE JV 0), 

0) IDLH OR LFL • ABOVE THIS CONCENTRATION ELIMINATE ALL 
~0T POSITivt PRES~0Rt -~ELF•fUNT.INtO B-EifHING 
4PPA~ATUS AND COMRINATION POSITIVE PRESSURE 
SELF•CONT•tNED ~REATMJ~G APPARATUS (SEE ~VE ANO~), 

El LIST ALL ALLOWEO RESPIRATORS BY CONDITION 
OF USE AN[) TYPE _, 

ENTRY AND ESCAPE FROM USE POSITI~E PRESSURE SELF•CnNTAINED BREATHING 
UNKNOWN CONCENTRATIONS APPARATUS nR COMBINATION POSITIVE PRESSURE ~UPPLtED 

AIR Rr.SPIRATOR wt TH POSITIVE PRESSUPE SELF•CONTAINEO. 
BREATHING APPARATUS, 

FtREFIGHTtNG USE° POSITIVE PRESSllRE SELF•CONTA.JNED BRFATHfNG. 
APPARATUS, 

~SCiPE GAl ~,s~ OR ESCAP£ $ELJ~ctiNt,tNEfi BRE{fHlNG 
APPARATUS CSEE IV C), 

III,8, sefCIEI~.LJllU!ll-l.llal.C..t.1:1•a1 EPB.BE§EXB•lOBX 
__ fB.PlEC I.l.WL.Ji!a.4lbl5l UJU.LCJJUlU 

COblAIIICJ~ .1f.Uc.tXObl .SEAYEbl,E 

ROUTINE uSF 
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-A) CU~J5IDl::R SKIN SORPTION • (SEE'. lV AJ, 

8) EYE IRRITATION• ELIMINATE QR Rf.STRICT 
·us£ llF MAU' MASK RESPIRATOR ·csEE' IV D), 



C) SYSTEMIC POISON• ELIMINATE SINGLE•USE 
RESPI~ATO~, 

D) FOR PEHMISSIBLE EXPOSURE LESS THAN o,o; MG/CU,M, • 
ELIMI~,TE DF~ RESPIHATORS EXCEPT w[TH 
HIGH EFFICIENCY PARTICULATE FILTER,, 

£) lblk "OR l~L • ABOVE THIS CONCENTRATION ELI~JNAlE . 
ALL 811T POSITIV!: PRESSURE SELF•(ONTAINfD !IR[l:ATHING 
APPARATUS AND CO~BINATION POSITIVE PRESSURE SELF• 
CONTAINED 8REATHlNG APPARATUS (SEE IVE), 

'> LIST ALL ALLOWED RESPIRATORS BY CONDITION 0~ 
us£ ANO TVPE, 

fNTAY ANO ESCAPE FROM USE POSITIVE PRESSURE SELF•CONTAINF.D BREATHING APPARATUS 
UNKNOWN CO"JCENTlf{flO"N OR -CCli-4B1NATt0N POSf'fIV! "P"RlS.SlJRf SUPPLIED Al~ lfESP!AATOA 

WITH POSITIVE PRESSURE SELF•CONTAINEO HR~ATHING APPAR.TUS, 

,rREFIGMTING USE POSITiiE P~ESSUAE SELF~CONTAINED BREATHING 
APPARATUS (SEE IV F), 

I I I , C , .s.fEtl.UC-OE.U.a.l!JILUl.G.ll..Cl:W:il...E.LiLBE..SfJ.B.UCUU-eiO.li~ 
"'".LWU..t1l.d.tl..ll:alil.lWl~f..~S...UJi..jtilOJi-ilL2-UautJJ1 A IE S .. 

.c.c.bl D JI IQ.bl ~E.C II Cbl..s.E Q II E ~Cf 

ROUT! NE USE 

ENTRY ANO ESCAPE FROM 
UMKNOw~ ·tONCENTHATitiN 

FIAEF?tnn ING 

ESCAPE 

A) CONSIDEA SKIN snRPTION. (SEE IV A). 

B) POOR WARNING PROPERTIES OR INADEQUATE 
SOR~ENT EFFICIENCY• ELIMINATE ALL ATR 
-UA)FYl~G RESPIHATUHS CSfE IV 8 & C), 

Cl EL TMH1ATE. ALL RESPIHATllRS EXCEPT loolTH 
COM~)NAiTON SbRBENT/PARtICULATE FILTE~, 

0) EYE IR~ITATION • ELIMINATE OR RfSTRICT 
USE UF HALF MASK kESPIRATOR (SEE IV D), 

El FOR PERMIS!IRLE EXPIJSURES LESS THAN 0 1 05 MG/CU,M, • 
ELIMINATE ALL RESPIRATORS EXCEPT WITH 
SO~BfNT/HIGH EFFICIENCY PARTICULATE FILTER, 

F) Ii)LH OR lFL • ABOVE T~IS CONCENTR~TION ELI~INATE 
ALL BUT POSITIVE PRESSURE SELF•CONTAINED BR,ATHING 
APPARATUS ANO COMBINATIO~ POSITIVE P~ESSU~E 
StLF•CONTAINEO BREATHING APPA~ATUS . ($EE IV .El, 

G) LtST ALL ALLOWfO RESPIRATORS BY CONDITION 
bF USE" AND TYPE" 0 -

USE POSITIVE PRESSURE SELF•CONTAINED BREATHING APPARATUS 
OR · tm•t1HNHION POSITIVE PAF.ifS"ORE S0PPL1Ei> AIR lfE!iP!IUTOR 
WITH POSITIVE PRESSURE SELF•CONTAINEO BREATHING APPARATUS, 

USE . Pi.HITilVE . .,iH£·ssu·Ri-· SEi."r•t·o-,ffATNED"" .. fUfE"'"HHING 
APPARATUS (SEE IV F), 

GAS MASK OR ESCAPE SEi:F"•CONTAhiEO BREATHlNG 
APPARATUS (SEE IV C) 1 
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l.lL.-£. ~l.lil-AtUl~aeiia~ 

HRSONAL PROTECTION RE.QUlRF..ME.NTS FOR PRr:itECT!ClN AGAtNST EXPOSU~E- TO 
SUASTANCES WHICH MAY CAUSE INJllRY BY ABSORPTION THROUGH THE SKIN FROM 
MATERIALS SPLASHED QR SPILLED ON THE SKIN ARE COVERED IN SECTION CF) OF 
EACH ·s1J~STANCE STANOA~D. RESPIRATOR SF.LECTior.i ·cldH:RU ARE BASED 
PRIMARILY ON THE INHALATION HAZARD OF THE SUBSTANCE, A SUPPLIE.D•AIR 
SIJIT MAY PROVIDE BOTH SKIN AND RESPIRATORY PROTECTION FOR EXTREMELY 
TOXIC SUBSTANCES wHtCH IHY ~E AliSflR~ED THROUGH THE SKIN, 

SUPPLIED•AIR SUITS ARE NOT COVE.RED IN 30 CFR 11, DATA ARE NOT 
1V,ILAALE ~PON wHICH TU MAKE RECCJMMENDAT!ONS FOA SO~PlltD~ilR•SUlTS FOA 
ALL TYPES OF EXPOSURES, 

WHERE INFORMATlnN IS AVAILA~LE INDICATING SYSTEMIC INJURY n~ DEATH 
RESULTING FRIJH A8SUHf1ANCE fl~ A GAS (lH VAPOR THRnUGH THE SKIN., THE 
FOLLOWING STATE.ME.NT IS JNCLUDED IN APPfN~IX 8, SECTION CV) OF. THE. 
SUBSTANCE STANOAR1>1 

"IJSE OF SIIPPLIEn•AIR SUITS nR OTHER IMPERVIOUS COVERINGS MAY BE 
NECFSSARY TO PREVENT SK1N CO~TACT WITH~ wHE.N THE CONCENTRATION Or* 
IS IJNl<Ni))o•I I.JR GRF:ATER THAN** crnun, SUPPLIED•AIR SUITS SHOULD BE 
SELECTED, USED, AND ~AINTAINED UNOEH THE IMMEDIATE SUPEHVISION OF 
PERSONS KNO~LED~EA~LE " tN THE LI~tTATIONS ANO PUTENTIAL [JFE 
ENDANGFRlNG CHARACTERISTICS OF SUPPLIED•AJR SUITS," 

A SFNTFNCE - IS ADnED TO fHE RtSPIRATbR TAALE IN THE ENT~Y ANO EICAPE . 
FRUM UNKNOWN CONCENTRATIONS SECTJOh AS SHOWN BELOW! 

SE(F•CUNTAINED BREAlHI~~ APPARATUS iJTH A FULL FACEPI[CE OPERATED IN 
PRESSURE•DE.MAND OR OTHER POSITIVE PRESSUHE MODE, A COMBINATION 
RESPIRATOR ~HtCH INCLIJOES A TYPE C SUPPLIF.D•AIR RESPIRATOR WITH A FULL 
FAtEPifCE OPERATFO IN PREssuRE•DEMANi'> OR "l'JTHER POsti'tVE PRESSURE OR 
CONTINUOUS FLOW ~ODE AND AN AUXILIARY SELF•CONTAINED BREATHING 
APPARATUS OPERATED IN PRESSURE•DfMAND MODE OR OTHER POSITIVE PRESSURE 
MODE'.~ CSuPPLIEO•A1~ Sull' S MAY SE NECESSARY, l . 

u...a. euna b~alii~J:IJJ&il.li..'i 

IT IS iMPORlANT TO REALIZE THAT 30 CFR 11 NI0SH/MESA APPR1JVAL~ · FOR 
AIR•PURIFYING (URGANIC VAPO~) Of.VICES PROHJHIT USE AGAINST ORG,NIC 
VAPORS WJTH POOR WARNING PROPERTIES, SPECIFICALLY, 30 CFR 11,90(R) 
(NOTE ~l COVERS GAS MASK~ (CANISTER RESPIRATORS) ANb 30 CFH 11,(50 (NOTE 
7) COVERS CHEMICAL CARTRIDGE RF.SPJRATORS, ·THUS THESE APPROVALS ARE 0NL¥ 
FnR THOSE ORGANIC VAPORS kITH ADEUUATE WARNING PROPERTIES AND NOT ALL 
ORGANtC VAPORS, . . 

WARNING PROPERTIES RFLY!NG UPON HUMAN SENSES ARE NOT FOOLPROOF, 
MOwEVER, THEY PHUVlr)E SIIME JNl)ICATION TO THE EMPLDYE~ OF PlJSSIBLE 
snRRENT EXHAUSTION OR [lF POOR FACEPIECE FIT OR OTHER RESPIRATOR 
MALFIJNCTION, IIIARNI"'G - PROPFRTJES INCLUDE ODOR, EYE IRRITATION, AND 
~tS~JRATURY tRRJTAT!UN, . 

ADE~UATE WAR..,ING PROPERTIES CAN RE ASSUMED WHEN THE SUHSTANCE ODOR, 
TASTt, OH IRRITATION EFFECTS ARE DFTECTARLE AND PERSISTENT AT 
CONCENTRATIONS "AT" OR "~ELOw" THE PERMISSl~LE EXPOSURE LIMIT, 

IF THE ODOR OR l~H}TATION THRESHOLn OF A SUBSTANCE IS ~ANY TI~ES 
GREAT~R tHA~ THE PfRMISSI~LE EXPOSURE LIMIT, THIS SUBSTANCE SHOULD BE 
CONSIDERED TO HAVE POUR 111AANJNG PR[1PERTIES 1 IF THE SUBSiANCE DOOR OR 
I~RITATI[IN THRESHOLD IS snMEWHAT ABOVE THE PERMISSIBLE EXPOSURE LI~IT 
(NOT JN lXCESS OF THREE TIHES THE LIMIT) AND THERE IS NO CEILING LIMIT, 
CONSIDERATION JS GJVFN AS TO WHETHER OR NOT UNDETECTED EXPOSURE IN THIS 
CONCENTRATION ~ANGE COULD C)USE SE.HI01JS OR l~REVERSIBL.E HEALTM EfftCTS, 
IF NOT, T~E SUBSTANCE IS CONSIDERED TO HAVE ADEQUATE ~ARNING PROPERTIES, 
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IT IS EXPEClEU THAT fNVl~ONMENTAL C0NCENT~ATI0N1 wJLL ~ARY 
CON~IDfRARLY AND, THERE~ORE, WARNING nF A RESPIRATUR FAILURE WOULD SOON 
BE PF.RCEIVEO AT CONTAMINANT CONCENTRATJ!lNS SOMEWHAT AROVE THE 
PFRMISSIBLF EXP0SU~E LIMJT, 

J 11. c. SOReEUl EEEitJUIUU 

WHERE SUPPORTING EVIDENCE EXISTS ON IMMEDIATE (LE$S THAN THREE 
MINUTES) BREAKTHRnUGH TIME AT THE JDLH CONCENTRATION ANO BELCIW FOR A 
CARTRIDGE OR CANISTER SORRENT, AIR•PURIFYING DEVICES !HALL NOT HE 
ALLOWED FOR ANY USE, ESCAPE OR OTHERWISE, 

111 , o. Ut..JJUi.l.lJ..ULltl 

FOR ROUTINE WORK OPERATIONS, ANY PERCEPTIBLE EYE IRRITATION IS 
cn~SIDERED UNACCEPTAHLE, THfREFURE, nNLY FULL FACEPIECF R~SPIRATORS ARE 
PfRMJSSI~LE IN CONTAMINANT CONCENTRATI!lNS WHICH PRODUCE EYE IRRITATION, 
NOTE THAT JO CFR 11,qO(R)(NOTE &) SPECIFIES THAT EYE PROTECTION MAY BE 
AfYUIRED IN CERTAIN CPNCENTRATIONS OF ACID GASES AND ORGANIC VAPORS, 
FOR ESCAPE, SO~E EYF · IRRITATION IS PERMt~if~it-·I~·tt ts DtT~RMINED THAT 
SUCH IRRITATION WOULD NOT INHIBIT ESCAPE ANO SUCH IRRITATION IS 
REVERSIRLE, 

WHERE QUANTITATIVE EYE IRRITATION DATA CANNOT BE FOUND IN LITERATURE 
REFERFNCES, AND THEORfTICAL CONSIDERATIONS INDICATE THE SUBSTANCE SHOULD 
N6T Bk AN EYE IRRIT~NT, HALF ,AtEPlECE RES~~R~TOR! ARE ALL6WtD,· 

111 , E • .l.W.J:I 

JHf bEFINlflON OF lDLH P~bVIDED IN lQ CFR 11 1 1(1) l! A$ FOLLOWS! 

"TMMFOIATELY DANGEROUS TO LIFF OR HEALTH" MEANS CONDITIONS THAT 
P!lSE AN I1-:"4tllIATI:: THREAT Tl:) LIFE r,R HEALTH UR CllN0I1'1lli11S THAT 
POSE AN IMMFDIATE THREAT OF SEVERE EXPOSURE TU CONTAMINANTS, SUCH 
AS RADIOACTIVE MATERIALS, WHICH ARE LIKF.LY TO HAVE ADVERSE 
cu~ULATIVE UR DELAYED EFFECTS ~N HEALt~. 

THE PURPOSE 0~ ESTABLISHING AN IOLH EXPOSURE CONCENTRATION IS TO 
INSURE T~,T lHE WOMKER C~N ESCAPE ~l1H00T lNJUkV - 0~ JRREVfRSlRLE HEALTH 
EFFECTS FROM AN IDLH CONCENTRATION IN THE EVENT OF FAILURE OF THE 
RfSPIRATORY PROTECTIVE EQUIPMENT, THE IDLH IS CUNSIOEREO A MAXIMUM 
CONCENTRATION ABOVE WHICH oi-;L y HlGHL y RELIABLE RRE AT HING . APPAIU Tulf 
PROVIDING MAXIM0M ~ORKER PROTECTIO~ IS PERMITTED, SINCE IDLH VALUES ARE 
CONSE-RVATIVF.LY SET, ANV APPROVED RESPIRATOR MAY BE USED UP TO ITS 
MAXlMUM USE CUNCE~l~ATION BfLOW THF lDLH~ . 

IN ESTABLISHING THE IOLH CONCENTRATION THE FOLLOWING FACTORS ARE 
CONSlOEMEDI 

l • 

l, 

ESCAPE wJTHOUl LOSS OF LIFE OR IRREVEMSIBLf HEALTH 
. EFFECTS~ THIRTY MINllTES . lS CO~SlDERfo ··T~( -KAXlHUM. 

PtRMISSIBLE EXPOSURE TIME FOR ESCAPE, 

SEVtRE tYt a~ R~SPIRATORV JRRlT~fto~ 0~ OTHER ~tACftONS 
~HICH WOULD INHIBIT FSCAPE WITHOUT INJURY, 

IDLK SKOULD BE OFTER~lN~D FROM T~F FOLLOwtNG SUURCESI 

1, SPECIFIC InLH PROVIDED IN THE LITERATURF SUCH AS THE AIHA 
HYGTPJlC GUIDES, 

2, HUMU, E)(POSIJRE DATA, 
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], ACUTE ANIMAL EXPOSURE DATA, 

11 1 wHE~E SIJCH OATA ARE LACKING TflXJCOLOGICAL DATA FkOM 
ANALOGnus SUBSTANCES, ANO CHRONIC ANIMAL EXPOSURt DATA MAY 
RE Cl11>JSl0Et.ED 1 

THE FOLLOWING GUlllFLINE.S SHOULD Al: usrn Tf1 INTERPn T TOXICOLOGICAL 
OATA REPORTED IN THE LITE'RATl!Rf ~11R ANT>IAL SPECI!:St 

I, lo,HfRF ACIJTf F.XPOSIIRE. ANIMAL DATA ARE AVAILABLE (30 MINUTES 
Tll ll•HOUR EXP,JSURF.S), Tt-lE LOWfST EXPOSURE CONCENTRATION 
CAUSINC DEATH UR !~REVERSIBLE HEALTH EFFECTS IN ~NY 
SPECIES IS OETfRMINEO TU ~ETHE IOLH CONCENTRATION, 

2, ~HERE' O'JLY CHRONIC EXPOSURE bAT• A~E AVAILABLE ANO THESE 
DATA DO NllT REVEAL ANY EXPOSURE" CONCENTRATION WHICH WOULD 
RtSULT IN IRRF.VERSI6LE HEALTH EFFECTS, THEN THESE DATA 
HAVE NO RELEVANCE AND SHOULD NOT 8E USED tN DETERMINING 
THE IDLH CONCENTRATION, 

WHERE THERE IS EVIDENCE OF AN IDLH CONCENTRATION ABOVE THAT ALLOWED ON 
THE BASIS UFA PROTECTION FACTOR·, RESPIRATORS SHOULD BE SELECTED ON THE 
~,sis OF THE ~~UTE"CTION F~CTci~ AFFORDED ~y tACH DEVICE WlTHtN TH( 
LIMITATIONS OF THE DEVICE, 

.l..lL+-f. 

cnNTA~INANT co~(ENTRATIONS IN EXCESS of THE LFL AR£ CONSIDERED TO BE 
IMMEDIATELY DANGEROUS TO LIFE OR HEALTH, AT OR ARUVE THE LFL, THE USE 
OF RF.SPIRATORS IS LJMlTE.D TO THOSE DEVICES WHICH PROVIDF. THE MAXIMUM 
PROHCTfON, .. I,E 1 , POSITIVE.;PHESSLJRE SCBA, ANO COMBINATION POStTrVE• 
PRE~SURF. SUPPLIED•AIR RESPIRATOR WITH POSITIVE PkESSURE SCBA, 

FIHEFIGHTfNG 1S DEFlNEO RY ANS! Z88,5•1qJI AS BEING IMMEDIATELY 
OANGEROUS TO LIFE, FnR FIREFIGHTING, THE ONLY DEVICE PROVIDING AOEUUATE 
PROTECTTON IS THt POSITIVE PRESSURE SELF•CONTAINED RREATHING APPARATUS, 

14-Ji fJtil.IU.l.liJLU.c.lUU 

PROTECTION FACTORS ARf A MEASURE OF THE OVf.RALL EFFF.CTIV~NESS OF A 
RESPIRATOR, FILTERING EFFtCTENCY IS A PART OF THf. PROTECTION FACTOR ANO 
BFCOHES A SIGNIFICANT CONSIDERATION FOR LESS EFFICIENT AIR PURIFYING 

. Rf SPIRA TUHS, 

THE PROTECTION FACTORS USED IN THE PREPARATION OF THE STANDARDS ARE 
RASEO ONlJUANTITATIVE. FI( .. TESTS PERFORMED Ar° Cos ALAMOS ANO E.LSEwHERE, 
ANO IN SOME INSTANCES ON PROFESSIONAL JUDGMENT, IN APPENDIX I, THE 
PROTECTION FACTORS FOR EACH CLASS OF RESPIRATORS LISTED IN THE 
CHECKLISTS ARE SHOwN, THE ENTRIES IN f•t~ LIST ARE FOR AN ENTIRE ~LASS 
OF RESPIRATORS, ANO ARE ASSIGNED THE PR8TECTION FACTOR OF THE LOWEST 
PERFORMING OE.VICE WITH1N EACH CLASS, 

lll..-tl. .IUIU.UlWIS W X l H J Q..&.£.li..J.J. 

l, THE TYPE A SUPPLIED•AIR RESPIRATOR lS ALLO~~O IN 30 CFR fl FUH 
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USE IN JMM(l)JATELY DANGEROUS TO LIFE ANO HEALTH ATMOSPHERF.S, HOWEVER, 
AIR SUPPLY RE~U!REHfNTS OF SOL/HIN, IS INSUFFICIENT TO MAINTAIN A 
POSITIVE PRE$SU~E IN - THE FACEPIECt UNOER ALL WORKING CONDtTtnNS, 
THEREFORE, THIS DEVICE SHOIJLO HAVE THE SAME PROTECTION FACTOR AS 
APPLIED Tn UTHEM AIR•PURIFYING AND AT~OSPHERE SUPPLYING RESPIRATORS 
HAVING A NEGATIVE PRESSURE IN THE FACEPIECE (SEE APPENDIX I), ~O CFR 



ll wILL NELIUIRE A REVISION TO ELIMINATE APPROVAL OF TYPE A FOR IDLH 
ATMOSPHERES, 

2, AN AMENDMENT TO 30 CFR 11 IS ~EING PROCESSED ~HICH WILL DELETE 
USE OF GAS MASKS FOR ENTRY AND USE IN IOLH ATMUSPHERFS, THfREFORE, IN 

. THIS DF.CistON VlG!C GAS MASKS ARE NOT .ALLllwED JIii C0NCF"'lRAT10NS 
GREATER THAN THE IOLH QR ENTRY AND ESCAPE FRUM UNKNOWN CONCENTRATIONS, 

3, JN lHE SAHE A~FNOMENT OESCR!HEO AAnVE, MAXIMUM USE CONCENTRATIONS 
(MUC) FUR GAS MASKS ARE Rf!NG OELETFD, THIS DECISION LOGIC IS 
CONSISTENT wJTH THIS AMENDMENT, HOWEVER, CANISTERS APPROVED PRIOR TO 
THIS AMENDMENT WILL HAVE THE MUC SPECIFIED tJN THE LABEL WHICH wILL RE 
INCONSISTENT wITH THE SU8STANCE STANDARDS FOR MOST SUASTANCES, 

u, 30 CFR 11 DOES NUT CONTAIN PRUT!::CTHIN FACTOR M(l.lUIREMENTS, 
PROTECTION FACTORS ARE IJSEO IN THE DFCISION LOGIC, AN AMENDMENT TO JO 
CFR 11 IS ~LANNED TO INCLUDE PROTfCTION FACTOR REQUIREMENTS FOR DFM 

. RESPIRATORS, FUTURE AMENDMENT$ - ARE COMTEMPLAT~O FOR OTHER TYPES UF 
RESP IRA TORS, 

~. JO CFR tl DUES NUT PERMIT THE USF AN ESCAPE GAS MASK AGAJNST ACID 
GASES UR nRGANIC VAPORS WITH POOR WARNING PROPERTIES, A CHAN~E TO 30 
CFR 11 IS NECESSARY TO PERMIT THF. U~E OF AN ESCAPE GAS MASk AGAINST 
SUBSTANCES WtfH PllllR WARNJNr. PRfJPERTI~S, 

J..it.....t. ESCAPE 

WHERE ESCAPE MFSPIRATIIRS ARE PROVIDED THEY SHALL BF SELECTFD FROM THE 
ESCAPE CATF.GllRY IN TAnLE 2, THE EMPLOYER SHALL PROVIDE ANO ENSUME 
F~PLOYEES CARRY AN ESCAPE RESPIRATOR WHF.RE EXPOSURE MAY UCCUM TO 
EXTREMFLY TOXIC SUBSTANCE~ (AN EXTREMELY TOXIC SUBSTANCE IS DEFINED AS A 
r.AS OR VAPO~ HAVING A RAT EXPOSURE MORTALITY LCSO UF LESS THAN 10 PPM, 

THE FOLLUwlNG STATEMENT IS ADDEO TO THE INTRODUCTION TO THE RESPIRATOR 
TABLE FOR THESE SUBSTANCES! 

EMPLOYERS SHALL PRnVIDE EACH EMPLOYEE WORkING IN &REAS WHERE 
**NAME** MAY RE RELEA~ED INTO THE WORKPLACE AIR WITH 
AN. APPR6VED tSCAPE RESPIRiT6R }S S~EtiFIE6 IN TABLE 2, THE 
EMPLOYER SHALL ENSIJRE THAT EACH EMPLOYEE CARRY THE ESCAPE 
RESPIRATOR IN THF AREA WHERE **NAME** MAY BE RELEASED 
lNTO T~t WORKPLACE, 

IV, J, "ENTRY INTO TANKS OR CLOSED VESSELS, OR 1 1 ," 

ITEM (D)(U)(IV) IS A VARIA0LE PROVISION IN THE INTRODUCTORY STATEMENTS TO 
THE RESPIRATOR TABLES WHICH LISTS tHE ~PECIFIC OP(RATIONS WHERE A RESPIRATOR 
IS CONSIDERED . TO ijE AN ACCEPTABLE MEANS OF CONTROL, EXAMPLES OF wHERE TMtS 
MAY OCCUR ARE FUR OPERATIONS WHICH RE~UIRE OCCASStONAL ENTRY INTO TANKS OR 
OTME~ CLOS~~ ~ESSEL$, 

APPENDIX I 

A, PROTECTION FACTORS FQR ~ARtICULATE ,1LtER RE~PIRATORS 

PR-OTECTION l'ACTIJR 
(MINIMAL) 

sx 

'5X 

PERMISSIBLE RESPIRATORY PROTECTION 

ANY DUST AND ,.;·ysT RESPI~ATUR (30 CFR 11,130) 

ANY DUST ANO MIST RESPIRATOR, E~CEPT Sl~GLE 
. USE ClO t~R 11,130), . . 
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( 

1 0 X 

10 X 

1 OX 

SOX 

1_og ox 

ANY DUST ANO MIST RFSPIRATOR, EXtEPT SINGLE•USE 
OR ~UART~R•MASK RESPIRATUR (JO CFR 11,13b), 

ANY FUME RESPIRATOR OR HIGH EFFICIENCY PARTICULATE 
FILTER RESPIRATOR (30 CFR 11,130), 

A~Y HIGH EFFICIENTY PARTICUALTE FILTER RESPIRATOR 
(l(f CFR 11,130) 

A HIGH EFFICIENCY PARTICULATE FILTER RESPIRATOR WITM 
A· ·r:u[C FACEPIECE UO CFFl 11.tlO), 

A POWERED AIRePURIFYING RESPIRATOR WITH A HIGH 
EFFltlENCY PARTICULATE FILTER (30 CFR 11 1 130) 1 

B, PROTECTION FACTORS FOR CHEMICAL CARTklDGES AND GAS MASKS 

PROTECTION FACTOR 
(MINIMAL) 

10 X 

SOX 

50X 

SOX 

PERMISSIBLE RESPIRATORY PROTECTION 

ANY CHEMICAL CARTRIOGE RESPIRATOR WITH AN** NAME** 
CARTRIDGECS) (30 CFR 11,1~0) 

A CHEMICAL CARTRIDGE RESPIRATOR WITH FULL FACEPTECE 
AND** NAME **- CARTRIOGE~S) (30 CFR 11,150) 

A GAS MASK WITH A CHIN•STYLE **NAME** CANISTER 
(30 CFR 11 1 QO(A)) 

A GAS MASK WITH A FRONT OR RACK•MOUNTED **NAME** 
CANISTER (30 CFR 11,QO (A)) 

IOOOX A POWERED AIR•PURIFYING CHEMICAL CARTRIDGE RESPIRATOR 
wITH A** NAME** CARTRIDGE (0NLIITED DEVICE), 

ESCAPE ANY GAS MASK PROVIDING PROTECTION AGAINST** NAME** 
VIPORS (30 CFR 11,~0J, . 

NOTEI THE APPROVAL** NAMt ** MAY CONSIST OF ACID GASES OR ORGANIC 
VAPORS AS A CLASS ·o~ SPECIFIC ACID ~lS!S, AMMONil, OR ORGANIC 
VAPORS, IT MAY ALSU CONSIST 0~ COMBINATIONS OF ACID GASES, 
OkGANiC VAPORS, AND OTHER GASES AND VAPORS. 

C, PROTECTION FACTORS FOR COMBINATION CHEMICAL CARTRIDGES AND PARTICULAT~ 
FILTERS ANO GAS MASKS AND PARTICULATE FILTERS 

PROTECTTnN FACTORS 
(MINIMAL) 

I_OX 

SOX 

SOX 

50X 
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~ER~ISSI8L~ RESPIRATORY PROTEtTION 

ANY CHEMICAL CARTRIDGE RESPIRATOR wITH **NAME** 
Cl~TRIDGE(Si ANO** NAME ** FILTER(S) (30 CFR 11,lSO 
AND 11 1 1"\0) 

A f~tMICAL Ci~tRID~E ~tS~lRATb~ WIT" A FULL ~iCEPtECE, 
** NAME ** CARTRlDGE(S), AND** TYPE ** 
FILTERCS) (30 CFR 11 1 151 AND 11~130) 

A GAS MASK WITH A CHIN•SYYLE ** NAHE ** CANISTER 
ANO** TYPE **• FILTER (30 CFR 11,QO(A) AND 
11,130J . 

A GAS MASK WITH A FRUNT OR BACK MOUNTED** NAME** 
C4N1ST~R iND ** TYPt ** FILTfR (30 CFR 11 1 QOCA) 
AND 11 1 130), 



100 0 X 

~SCAPE 

A PO~ERED A[H - PURfFYING CHEMIC~L CARTRIDGE RES-IR.TOA 
wlTM A **NAME** CARTRIDGE ANO HIGH EFFICIENCY 
PARTICULATF. FILTER, 

ANY GAS MASK PROVIDING PROTECTION AGAINST** NAME** 
AND PARTICULATES (JO CFR 11 1 90 AND 11.110) 

** NAME ** REFERS Tn ANY ACID GAS, AKALINE GAS, ORGANIC VAPOR, OR OTHER 
SPECIFIC GAS OR VAPOR, -
** TYPf. ** REFERS TO DUST ANO MT!T, FUME, OR --iffGH EFFICIENCY 
PARTICULATE, 

D, PROTECTION FACT~RS FOR SUPPLIEO•AIR RESPIRATORS 

PROTECTION FACTOR 
(MINIMAL) 

1 ox 

Sox 

l 000 X 

zooox 

PERMISSIBLE RESPIRAT8RY PROTECTION 

ANY SUPPLIED AIR•RESPIRATOR (30 CFR 11,llO(A)) 

. i"NY SiJPPUEO•AIR RESPiRATOk -~ITM . -- -,,.ULL 
FACEPIECE, HELMET, OR MOOD, (30 CFR 11,llO(A)) 

•A -T~PE - C S0PPLIED•AlR RESP!RATO~ QP[R~T~b IN 
PRESSURE•DEMAND OR OTHER POSITIVE PRESSURE OR 
CONTINUOUS FLOW MODE (30 CFR 11,llO(A)) 

A TYP~ C SUPPLIEO•AlR RESPIRATOR WITH A FULL 
FACEPIECE OPERATED IN PRESSURE•DEMAND OR OTHER 

-PbSlTIVE -PRf.SSUA[- ijDDE OR wITM , -FOLL FACEP!ECE, . 
HOOD, OR MEL~ET OPERATED IN CONTtNUOUS FLOW MOO~ 
(30 CFR 11,ttO(A)) 

----------- -------•THIS CATEGORY IS NOT FULLY COVERED BY PRECEDING CATEGOR~, 

E, PROTECTION FACTORS FOR SELF•CONTAINEO RREATMJNG APPARATUS 

PROTECTION FACTOR 
(MINltHU 

1 0 X 

SOX 

lo, 000+)( 
OR FIRE• 
FIGHTING 

10,000+X 

E°SCAPE 

PERMISSl~LE RESPIRATnQV PROTECTION 

ANY SELF•CONTAINED BREATHING APPARATUS (30 · CFR tl,TO(A)) 

ANY SELF•CO~tiJNEO 8REAt~ING AP~ARATUS WITM A 
FULL FACEPIECF C30 CFR ll,70CA)) 

SELF;,.CONTAfNED BREATHING APPARATUS 1111TH A FULL 
FACfPIECE OPFRATED IN PRESSURE•OEMAND OR OTHER 
PUSlTIVf PRESSURE MODE (30 CFR Jl.70(A)) 

A COM8INATIUN RESPIRATOR WHICH INCLUDES A TYPE C 
SUPPLIED•AI~ RESPI~ATOR ~1TH A FULL FACEPIECf 
OPERiTEn IN .PRE~S0RE•DEMAND OR . OTHER POStTIVE 
PRESSURE QR CONTINUOUS FLOW MODE AND AN AUXILIA~Y 
SF.LF•CONTAINED BREATHING APPARATUS OPERATED IN 
PRtSSURt•OE~~ND OH •o•ITlVE PHESSUI( MbDt 
ClO CFR 11,TOCB)) 

AN'{ Esc·-.-;;E SELF•CONTAINE.D BREAtMtNG APPARATUS 
(lO CFR 11,70CA)) 
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lq, STECHER, P,G, (EDITOR) I THE MF.RCK INDEX, E"IGHTH El')ITJON, MERCI( & 
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32 1 NATIONAL FIRE CODES, VOLUME 3 COMBUSTIRLE SOLIDS, OUSTS ANO 
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43, SUMMER, w,1 ODORS POLLUTION OF AIR, CRC PRESS, CLEVELAND, 1971, 

( 

148 



APPENDIX G 

STANDARD OPERATING PROCEDURES 

Selection of the proper type of respirator is vital , 
hut it is only part ,of the complete respirator 
program. Unless a standard operating procedure is 
set up, a correctly chosen respirator may be used in­
correctly. The OSHA regulations 1910.134b require 
written standard operating procedures whenever 
respirators are used. Examples are given below. 

STANDARD OPERATING PROCEDURES 
FOR USE OF RESPIRATORS IN THE 
MULLER AREA 

The first respirator selection example in Chapter 
Six concerned a muller operator in a foundry. If we 
assume that this is a small foundry with only one 
operator, we can write a simple procedure as follows . 

Respirator Selection 

On the basis of the 5-mg/m3 dust concentration 
and a permissible exposure limit of 1.5 mg/cm of 
silica dust, we have chosen the brand X disposable 
respirator, approved for use in silica dust, to be worn 
whenever the muller is operated. Properly used, this 
respirator provides a protection factor of 5. 

User Instructions in Training 

The muller operator who wears this respirator is 
trained in its use when hired and yearly thereafter. 
During training, he is taught to wear the respirator 
and a fit test using talc dust is performed to see 
whether the respirator leaks. If it does leak, another 
brand of disposable respirator is obtained. After the 
fit test, the employee continues to wear the 
respirator during the rest of the instruction and 
training class. He is told that he may have a new 
respirator whenever he wants and that he must use a 
new one whenever breathing becomes difficult and 
at the start of each shift. He is also told that silica 
dust may be harmful to health some years after ex-

posure and that it is important that he use the 
respirators provided . It is further explained that it is 
impossible to install a ventilation system to take 
care of. the dust problem in this area. 

Respirator Sanitation Program 

As the respirators are discarded after each day's 
use, there is no need for a sanitation program. 

Respirator Use Surveillance 

It is the foreman's responsibility to see that safety 
devices provided are used . He checks the muller 
operator's use of the respirator daily. 

Work Area Surveillance 

If operating conditions change, dust concentration 
in the muller area will be remeasured to ensure that 
the respiratory protection provided is still adequate. 

STANDARD OPERATING PROCEDURES 
FOR USE OF SELF-CONTAINED 
BREATHING APPARATUS DURING 
DEGREASER PIT MAINTENANCE 

In the fourth example in Chapter Six , 
maintenance personnel occasionally had to enter a 
degreaser pit while it was cool to clean it and per­
form necessary maintenance . The written operating 
procedure might be as follows . 

Respirator Selection 

Extremely high trichlor concent.rat.ions may he 
encountered during degreaser cleaning. The pit is to 
be ventilated, but use of pressure demand supplied­
air respirators with escape packs is required. 
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User Instruction and Training 

Maintenance men required to wear this equip­
ment are trained in its use within 30 days of their 
employment. The training consists of wearing the 
equipment in fresh air and being taught how to 
regulate air flow and how to react in emergencies and 
if the main air supply fails. They are shown the 
alarm bell in the degreaser pit which rings if the air 
compressor fails. They are told that at that time 
they have 10 minutes air supply from their escape 
packs. 

The equipment is used in a training exercise four 
times a year and is cleaned approximately twice a 
year. The exercise consists of entering the pit after it 
has been ventilated and inspecting the equipment in 
the bottom· of it. Escape bottles of compressed air 
that have been opened are replaced through an 
arrangement with the distributor. 

Cleaning, Maintenance, and Storage 

After use, the respirators are cleaned by the 
maintenance staff using the manufacturer's sanitiz-

1SO 

ing solutions. They are dried and stored in special 
cases in the maintenance department. 

Respirator Air Supply 

Air for normal use of these masks is supplied by an 
oilless portable compressor placed at the edge of the 
pit. 

Respirator Use Surveillance 

The Safety Director is responsible for seeing that 
training is carried out as specified and he must 
oversee the training. 

Emergency Respirator Inspection 

The respirators are inspected monthly for 
deterioration and to see that the escape bottles are 
fully charged. This is the Safety Director's respon­
sibility. 
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