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Foreword
°

T HERE is an incrrasingly wide and intense interest in
harmful effects of breathing dusts, especially those that
contain free silica and cause the disease of the lungs known
as silicosis. Interest has been further stimulated by the
work of Federal agendies and States in industrial hygiene,
and by legislation that providss compensation for injury
to health. As a result many persons in industry who are
responsible for healthy working conditions have been
confronted with the need of becoming acquainted wnth
dust diseases, nature of dust, its composition, size of
particles, and the amount that is harmful, and the means
for preventing exposure and protecting workmen. Much
has been said and published on these subjects, but 1t
has been presented in terminology and language of a
specialized, technical, and scientific nature that is either
meaningless to most persons or creates a good desl of
misunderstanding. Also, considerable confusion has adsen
from the conflicing opinions and views that have been
widely expressed.

In this booklet it 15 endeavored w0 present some of the
questions that arise continually regarding the nature and
effects of dusts, and to answer these questions in simple
and insofar as possible non-technical language.
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Pertinent Questions and Answers

1.

Q.

(kY

"o

Concerning Dusts

What are the usual clossifications of air-corried particies?
Air-carried pacticles are usually classified nto three groups:
1—Dusts

2—Fumes

3—Mists
What are dusts?
Dusts are mechanically generated particles resulting from such opera-
umsasdnlhng,bimgcuslungmdhmdlmgofrocksandmmls
sand-blasting; stone and granite curtng; gnnding and polishing; and
all similar operanions and processes. The greater percentage of particles
ofaucameddummbelowomnncmnmmewnhmavmgebe
tween 0.5-0.7 microns.

What is a micron?
A micron is 3 uniz of measurement, one micron being equal to about

1/25.000 of an inch or m other words it would require 25,000 particles
each one micron in size laid end to end to measure one inch.

What is the smallest particle that can be seon by the naked eye?
The smallest particle visible to a person with average eyesight is about
100 microns in dimension. This is 1/250 of an inch.

How does this compare with the zize ol the average particle
found in air-born industrial dusts?

This is one hundred and fifty to two hundred times the size of the
average particle found in industrial atmospheres. In other words, the
particles of dust of significance from the standpoint of health are only
a small fraction of the size that is visible to the naked eye.

What ronge of particle sizes is important?

The particles below § microns are of most importance as dusts of larger
gize settle out of the air very quickly and are not likely to be breathed.
In general the particles of dust found in industry ace below ane or two
microns with as much as 0% below 0.5 or 0.7 micron. Under some
conditions the size may be larger or smaller than this general size range.

What are fumes?

Pumes are particles produced in chemical and metallurgical processes,
welding, and similae operations, or by the decomposition of chemicals
by heat and combustion. The average particle size is less than that of
dusts. Most fumes have an average particle size of 0.2-0.3 microns.
The impertant harmful fumes are usually the fumes of metals ar their
compounds such 25 lead oxide, zmnc oxide, and cadmium oxide. Qwng
o their small particle size, fumes are even more dificult t remove by
filters than are mechanically generated dusts,

2
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SILICEQUS DUST FROM MINE AIR
Magaufied 100 tmes

The dust parncles and dots shown i this Mlustration arc magmficd 100 nmes char
actual aze. [f they were not magmfed ro this extent all of the fes and dots would
be wouinble, Even the largess or 10 mucron size would be only onme-tenth thet which
could be scen unth the naled e and the average partcde would be less than ome-
hundredth the viable sizz. This ol that the llest particle that can be seen wnth
the neked eye 1 about 100 rascyons in dimension and thar all arr camed dust w wmuble.

8. Q. What are mists?

A. Mists are particles of liquids or mixtures of liquids and solids; in other
words, wet parrcles. Their size depends upon the proces by which
they were generated. Good examples of mists are: the so-called "“fogs™
produced in spray coating with materials such as siliceous glazes or
paints that contain lead, and the chromic acid mist produced during
chromium plating.

9. Q. What dusts are dangercus? .

A. The effect of many industrial dusts on health is not known as yet sinee
the physiological reactions of most dusts do not appear for some years,
and the use of many dust producing compounds is relatively new.
Most authorities agree that most dusts are barmful in some degree
if breathed in sufficient concentration over a period of time. The safe
course is o eliminate all dust down to the limits that are considered
good engineering practice in dust control.

10. Q. How are dusts classified in relation to their sffects on heglth?
A. Dusts are usually classified into three groups:
1—Toxic or poisonous dusts. :
2—Nuisance dusts
3—Fibrosis-producing duats.
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What is o toxic dusi?

A toxic dust is usually considered to be the dust of a poisonous ma-
terial, such as Jead and arsenic or their compounds, that produces injury
to organs such as the circulatory system, heart, liver, kidneys, brain,
and nervous system.  When a poisonous dust is inhaled and deposited
in the lung, it dissolves and is carried by the blood to all organs and
tissues, It may also be deposited in the mouth and throar by inhalation
or contamipation with dirty hands, and later swallowed and enters
the body through the digestive tract.

What is a nuisance dusi?

A nuisance dust is opé that 18 often associated with an increase 1
respiratory diseases (such as, colds in the head, bronchitis, pneumonia,
and tuberculosis). Many such dusts are discomforting and irntating
to the worker and may be harmful. They do not produce toxic effects
or form fibrous tissue in the lungs.

What is a Shrosis-producing duat?

It is one that through its achion 1n the lungs causes a disease of the
normal lung tissue and a replacement of this vital ussue with fibrous
(scar) tissue.

Whet is pneumoconiosis? .

It is a term applied to any lung disease arising from inhalation of dust.
What is sificosis? '

It is a disease of the lungs in which the normal lung tissue is replaced

by fibrous (scar) tssue due to breathing air that contains free silica
dust (silicon dioxide, SiO2).

Con silicosis be produced by any substance other tham free
silica?

A. Silicosis ia a specific disease caused only by breathing free silica. How-

ever, there are mdications that the presence of other kinds of dust and
gases may influence the effect of silica in the lung.

What is miners’ pthisis? :

It is a term used frequently to designate a condition of silicosis com-
plicatzd by the presence of tuberculosis, :

What is anthraco-silicosis (miner 'acsﬂ.m )?

It is 2 chronic disease of the lungs in which the normal lung tissue is
replaced by scar tssue caused by breathing excessive amoumts of a
mixture of silica dust along with coal dust.

What is asbestosia?

It is a discase of the lungs in which the normal long ussue is replaced
by fibrous (scar) tissue due to breathing air that contains asbestos dust.

4
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What are the principal factors in determining the health haxard
from dair-coried dust?
The following factors are usually important:

1—Chemical composition of the dust.

2—Amount of dust in the air.

3—Size of the dust particles.

4—Length of time of exposure.

What is meant by chemical compesition of a dust?.

All materials such a5 rocks and minerals are not what might be termed
pure chemical compounds, but are mixtures of several chemical com-
pounds. The chemical composition 1s the kind and amounts of these var-
ious components. In the case of alica-bearmg substances, the amount of
silica present may vary from almost nothing to 100%. The amount
of free silica present is cbwviously the important factor in the silicoais
producing properties of a dust.

I3 the chemical compoaition of the dust in the air the same as the
substance that is being drilled, handled, crushed, or processed?
As most dust producing substances dealt with in industry contain more
than one mineral component, some of these components will crush or
disintegrate more easily than others and thereby form a larger pro-
portion of small particles. These smaller particles will tend to pre-
dominate in the air while other constituents being larger will setzle out.
For this reason, the composition of the dust in the air may vary greatly
fraom the composition of the rock or mineral.

What is the importance of the chemical compositiont of a dust?
The chemical composition reveals the harmful constituents and their
amount, and constitutes the basis for judging the harmful qualities of
the dust. This information is an important factor along with con-
centration and time of exposure in determining the hazard.

What are the important steps in determining the chemicead com-
position of a dust?

It is necessary to first obtain a sample that represents the dust in the
air breathed, and then subject the sample to methods of analysis that
are known to give accurate results for the cohstituents desired.

How can a representative sample of the dust in the «ir breathed
be obtained?

It can be obteined only by collecting the dust from the air. Samples
of pieces of rock or settled dust do not necessarily bear any close re-
lation in composition to the dust foating in the air.

How con a sample of sufficient size for chemical analysis be
collected from the air?

Collection from the air can be accomplished with dust collection devices
such as the impinger, electrostatic precipitator or filter type of collectors.

¥
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A.

What msthods are generclly used for determination of the

percent of free silica In dusts?

1—By observing the action of the amall dust particles on light with
the aid of 2 special type of microscope. This is known 35 the
petrographic method.

21—By chemical analysis.

3—DBy observing the action of the particles on X-Rays.

Whoat are the linstations of the petrographic method?

1t is impossible by this method to examine individual particles below
one or two microns in size and ance most of the air-arned dust 1s
below this size range, omne must rely on petrographic information
obtained from particle sizes that are above those of primary significance.

What are the Hmitations of the chemical method?

There is no known chemical method that is specific for free silica
{5i02) when this constituent is present with silicates. However, by
observing the difference in the rate at which silica dissolves in certamn
acids as compared with other constituents a rough estimate can be

. obtained for some dusts, but with cthers the method will be greatly

in error.

What are the himitatians of the X-Ray method?

The X-Ray procedure can be used for making specific determinations
of free dlica in a very small sample such as 25 to 50 milligrams. The
disadvantage of the method is that it requires very expensive ap-
paratus.

What is meant by size of particle; how is it expressed?

The size of the particle is its largest dimension, usually expressed 1n
microns. It has been stated by authorities that if afl dust below one
mxcmn in size could be eliminated, nearly alf dust disease would be

€

How can the siza of dust particleas be detarmined?

The gize of dust particles is measured by means of 2 microscope or by
projection of the dust pardcies on a screen smilar n general prinaple
w0 ordinary lantern slide projection. The particles a5 seen in the
microscope or projected are then measured.

How quickly does fine dust settle?
It settles very slowly. In the table given below will be found the time
in minutes estimated for silica dust of given sizes to fall one foot in
stall air, :

Time 1n minutes to

Size in microns fall one foot
Va $90.
Vs 187.
1 54.
2 14.4
§ ' 2.5
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Does absence of visible dust meon absence of fine dust?
No. The operation may produce only fine dust or the visble dust may

-bave disappeared owing to its rapid rate of settling, leaving the inwisible

but harmful dust in the air.

What is moent by dust concentration: how is it expressed?

The concentration is the amount of dust sus in a given volume
of air. It is usually expressed in number of particles in a cubic foot
of air, or millions of particles 1n a cubic meter of aw, or in 2 cubic
centimeter. It may also be expressed as the weight of dust in a given
volume of air as milligrams in a cubnc meter or grams in a cubic foot.

What iz the ralation among these umils of quamtity?

Number of cubic feet times .02832 gives number of cubic meters (m®).

Number of cubic meters tiines 35.31 gives number of cubic feet.

Number of cubic feet wimes 28,317 gives number of cubic centi-
meters {cc.) ;

Number of milligranis times .001 gives number of grams.

Number of grains times 64.80 gives number of milligrams,

Number of grains times .00229 gives cunces (avoirdupois).

How cum the concentration in pasticlea per cubic centimeter be
converted to number of particlea per cubic foaf?

Multiply the number of particles per cubic cemtimeter by a millica
and “divide by 35.31 to get number of particles per cubic foot

How many particles of aiz-carried dust are in one milligrem
weight of dumt?

A. It has been found that one milligram of silica dust of the size range

Q.

present in industrial atmospheres contains about 200 to 300 million
particles.

What cpparatus and methods are gensrally used for determin.

‘img dust concentrations?

The impinger and electrostatic precipitator are the instruments general-
ly used for this purpose. Details of the instruments and methods can
be found in publications of the United States Bureau of Mines and
the United States Public Health Service.

What is an impinger?

1t is a device by which air is drawn at a definite rate of flow and at
high velocity through a small nozzle so directed 25 to strike the bottom
of a glass flask which is partially filled with a liquid such as water,
akeobol, or a mixture of these liquids. This high velocity action causes
the dust particles to be “wetted” and retained in the liguid Some
of this liquid is then examined under a microscope and a count of the
dust particles present is made.

7
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Q. What is em electrosintic predipitator?
&. R's a device by which air is drawn at a definite rare of flow through a

high voltage electrical field so arranged as to cause any dust to be re-
moved and deposited in a sampling tube. The dust collected can be
determined either by counting the number of particles with 2 mxro-
scope or by weighmg. It is an eficient method but requires 2 source
of electrical energy. As with the impinger, the electrostatic precipitator
collects the dust continuously from a comparzuvely large volume of air
and thus provides a sample that represents average conditions. [t may
even be used to collect a sample that 15 large enocugh for chemical
analysis.

Q. How cun exposure be determined?
A. Since exposwre 13 a term that involves concentration, particle siwze,

chemical compoaition, and duration of time, 1t 15 necessary to determne
all of these in order to properly evaluate the degree and extent of
exposure. The time clement requires an accurate job analysis 1n which
18 recorded the amount of time spent by a workman at his various
operations. This record should then be associated weth the dust con-
centration, particle size, and chemical composition of the dust at each
operation and the average over all daily exposure determned.

For Example:
Summary of Dust Exposure of Leyner Drillers in a Granite Quarry

Average exposure
in millions of Hours spent in Particle hos -
Activity particles per cach activity (millions per
cubic foot. cubic foot)
Prlling.... e 2134 4 853.6
Changing drlls........... 9.3 I 9.8
Woatching dnils....... .. 8.0 2 16.0
Broaching.. ... 6.0 ¥ 4.5
Blowing of holes.... ~ 108%.0 V4 2713
Toml.o e 8 11552

1155.2 partide hours in millions per cubic foot t44.4 million particles per

3 be cubic foot. Average expos
' ure throughout the day.

Table from U. 8. Public Health Bulletin 217 by Bloomfield and Dallavalle

43, Q. What i a respirator?

A. Any personal protective device designed to prevent the wearer from

the harmful constituents i his surrounding atmosphere is
called a respirator.
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How are the various types of respirators usually classified?
Respirators are classified as follows:

1. Air-supplied respirators.

2. Chemical filter respiratars.

3. Mechanical fiter respirators.

What is a supplied-cir or gir-line respirator?

It 15 essentially a hose line through which air that is safe to breathe 18
conveyed to a facepiece worn by the workman. Aur-line respirators are
approved by the United States Bureau of Mines under schedule No. 19
The air may be supplied from the compressed air line although pre-
ferably 1t should come from a separate blower unit designed to furnish
air free from distasteful or harmful mpurities.

What harmful or objactionable constituents might be present in
high pressure cir ce produced by an ordinary reciprecating
type of compresacr?

Air from this source may contain od odors, mists of oil or water,
particles of rust or dirt from the air receiver or air lines, and in case
of improper compressor operation there may be burming of the lubri-
cants with the formaton of carbon monoxide.

What recautions should be taken to lessen the danger from air
coptamination in the use of reciprooating type of air compres-.
sors?

Good maintenance and care in operation of the compressor, tempera-
ture indicators on the outlet side of compressor, and carbon monoxide
detecting equipment or carbon monoxide alarms on the ouder side to
give indication of the presence of any carbon monoxide. Individual
compressor units so constructed as to make generation of harmful gases
umpossible are desirable sources of clean air for -air-line respirators

What is an abrasive mask?
An abrasive mask is essentially an air line respirator with a special hood
for protection against high velocity particies 1 sand or shot blasting

What is o chemical filter respirator?

It is a respirator designed for removing gaseocus constituents from the
air breathed. The filtering materials 1n these respirators are usually
granules that react with the harmful constituents and remove them.
Chemical filter respirators are approved against light concentrations of
organic vapors under U. S. Bureau of Mines schedule No. 23,

What is a mechmnical filter respirator?
A mechanical filter respirator is 2 device that removes by mechanical

ltration the particles of harmful constituents from air that passes

through it. These devices include dust, must, and fume
Each of these types of mechanical filter respirators is designed to protect
the wearer against the partcular kind of matter to be dealt with.

9
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What is a United States Bureau of Mines “approved” mecheni-
cal filter yespirator?

1t is a respirator that has officially passed the ngid test requirements of
the United States Bureau of Mines as outhned m that Bureaus Ap-
proval Schedule No. 21.

What cye United Stotes Bureau of Mines schedules No. 19, £1
and 237

They ave publjcations that describe the requirements and tests that
respirators must meet in arder to obtain the approval of the Bureau of
Mines. Free copies of thest publicabons may be obrained upon request
from the United States Bureau of Mines, Washington, D. C

Who males the approval testa?
The Bureau of Mines makes the tests at s P:ttsbmgh Experiment
Station where experienced personne! and complete laboratory fanlities
for dust inveshgations are available,

For what types of mechanical Slter respirators does the Bureau
of Mines schedule No. 21 provide approval requirements?
Schedule No. 21 provides approval requuremients for mechanical filter
respirators for protection agatnst mechanically generated dusts; fumes
of vanous metals; and mists such as those from chromic acid and from
spray coating in the absence of harmful vapors and gases. Combi-
nations of these types may also be approved.

What are the general performance requirements that @ mechan-
jcal filter dust respirator must give in order to obtain the ap-
proval of the Bureau of Mines?
The general features of the performance requirements are:
1—Dust-tight fit of the faceprece.
2—Reduction of dust in the inhaled air below an amount that
causes harm.
3—A resistance to breathing that is below that which produces
discomfort.
4—A satisfactory degree of convenience, durability, and service,

Whoat is the size of the dust partiden used by the United States
Burecu of Mines in the approval tests of mechanical filter
respirators? v

The dust particles used in the tests are 95% below 1.78 microns and

50% below 0.6 micron. These size characteristics are very similar to
those found in the atmospheres of mnes and.industrial plants.

What severe dust fillering and resistance performance must o
mechanical filler dust respirator give to pass the approval tesi?

Air that contains fifty milligrams per cubic meter (approximately 300
toSOUmﬂmpamc!espetcubxcfoot)ofdusto the small size

10
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60. Q.
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6l. Q.
A.

specified by the Bureau of Mines 15 drawn through the respwrator at
a rate of 32 liters a mmute, or at approxunately the rate at which ar
is breathed by an average man daing work.  The total amount of dust
that leaks through the respirator m a 90 minute test period dunng
which 2.88 cubic meters or 100 cubic feet of awr are passed must not
exceed 3.0 milligrams or 0.0001 ounces. The resistance to ighalation
when tested with air flowing through the respirator at 8% liters a
minute must at no time exceed 2 inches of water column. This rems-
woce 1s below that which causes discomfore.

Are the Burecu of Mines approval requirements unnecessarily
exacting and impracticad?

No. The approval requirements represent the mintmum protection
that 2 respirator should give 1n order to protect the wearer adequately

What are the most important features of a regpirator?

{—Adequate respiratory protection.
2—Comfort and convenience.
3—Ease and cost of mamntenance.

What is meant by the efficiency of ¢ respirator: and what test
facts conceming efficiency must be lmown to dstermine if «
respiratar gives adequate protection?

The efficiency of a respirator 1s the percentage of the dust in the ar
that 15 retained on the filter. At least three very important facts should
be known in order to determine if a respirator, that has a reported high

efficency, also gives adequate protection:
1—~The dust concentravon used in determining the efiaency figure.
2—That the particle size of the dust used i determuning the eficien-
cy represents the size of the dusts found in industrial atmospheres.

3—That the percentage inefficiency, or the amount of dust that
leaks through, does not exceed that which 1s safe to breathe.

How does variction in particle size effect the reliability of an
efficiency value of a respiralor?

The statement that a respirator is 98% efficient means litle if the
partcle size range of the dust tested is not given because the difficulty
in removing dust increases as the particle size decreases so that dusts
below 1 1o 2 microns are much more difficult to remove than the larger
sizes, yet it is particles below 1 1o 2 microns that predomunate tn w-
dustrial and mine atmospheres and produce the harmful effects. A
respirator which would pot effectively remove dust below 3 microns
oould be 98% efficient provided the test was made against concentra
tions that contain oaly a small amount of partcles below 2 microns
in size. .

130
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How is the reliability of an sificiency value as @ measure of dust
protection affected by the conceniration of dust in the ait?

A respirator may have high percentage efficiency and still lezk encugh
dust through the filter to cause harm.  For example, a respirator that is
97% cfficient agamnst a concentration of 700 mullion particles of dust
per cubic foot of air (a not unusual case) would leak 1§ million
parncies which is more than is conmdered a permissible amount of dust
with 2 high'glica content in the air breathed. The Bureau of Mines
approval is given only to respitators that do not leak enough dust 1o
brng the dust 1n the air breathed above permissible limits.

What iz meant by comfort eand convenience?
The following factors are efements of comfort and conventence:
1—Resistance to breathing.

2—Degree of impediment and encumbrance to wision and normal
performance of work.

Should comfort and protection be considered separately?

No. Any acreptable resprrator must give both adequate protection
and an acceptable degree of comfort.

What ia meant by cost of maintanance?

The cost of maintenance is the expense involved in keeping the respra-
tor in an efficdent, comfortable, and clean working condition. Low
cast of replacement of filters is an important element in this expense,

What is meant by sase of maintenance?

By ease of maintenance is meant the ease with which a dust laden
resptrator can be restored to its initial high degree of efidency and
comfort through:

t—Servicing.

2—Replacement of fiters.

3—Sterilization.’

How can respirators be sterilized?

Scrub rubber and metal parts with soap and water. Rinse in warm
water and immerse for 10 minutes in a solution of formalin made by
placing one part of 40% formaidehyde solution into 9§ parts of water,
Instead of the formalin solution, 1 part of carbolic 2¢id in 33 parts of
water, or 1 part of Lysol in 50 parts of water, or 8 parts of denatured
alcohol in 3 pares of water may be used.

All respirators should be thoroughly rinsed with water immediately
a&?ry mmersion in the stenlizing solution and put in a clean place
to dry.

12
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Mechanical Filver Respiracors
For Protection from Dusts, Mists and

Manufactured by

Fumes

Mine Safery Appliances Company
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M.S.A. “COMFO" METAL FUME RESPIRATOR
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Air Line Respirator Equipment
Manufactured by
Mice Safety Appliances Company

M.5.A. ABRASIVE MASK
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M.S.A. "BLASTFOE” ABRASIVE HELMET
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Accessory Equipment for Air Lire Respirators
Mantfactured by
Mine Safery Appliances Company

M.S.A. PORTABLE AIR FILTER
AND REGULATOR

R - i P e e s -

Entirely self-contained and  readily
portable, thus umit removes ol musts,
oll vapors, water, and pipe ccale from
compressed ur, and provdes effectve
protection agasnst excesuve and varable
pressures 1n the air supply.

It 1s dengned for attachment to the
mamn compressed asr lines and has 2
capaary of one to ux takeoff lLines to
supplied awr masks and respiators,

The M.S A. Portsble Awr Fdtes 2ad
Regulator 15 equpped with a chemical
§l1 for eficsent removal of odors and
vapars, aod a mechamal separaror
which removes oil, water and dux from
incoming compressed 2ir A bulean
pressure regulator governs aic pressure
at 2 predetermined safe himt.

M.S.A. CleanAsr Blowers wash. <ool, amd
bumidafy the air chey supply—by utlinng a
small, comsmnt flow of water through the
rotor chamber. The water also acts as a com-
pression seal, eiminating all metabto-mew!
contace. Since no lubrication 13 necessary for
the operation of CleanAr Blowers, no od
or grease comes in contact with delivered air

No gumiiary air flter or regulator s neces
sary wath 2 CleanAr Blower.

M3 A CleanAwr Blowers are furnished 1a
a wide tange of swes to meet desired resps
ratofy requirernents.
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Air Sampling Equipment for Dusts, Mists and Fumes
Manufactured by
Mine Safery Appliances Company

The MS5.A. Midget Impinger samples ac
a rate of onetenth of a cubic foot per miqure
and 1 operated by z hand-cranked, positive-
acting 4 cylinder pump of wmgenious design
This pump, 1a conpunction with 2 vacuum
regulator, mantains an unfluctuanag sucton
regardiess of minor vanations in the rate or
smoothness of cranking. The apparatus s
contamned :n a compact, sturdy earrymg case
complete with mine cahbrated gias <ampling
tabes,

The bight weight, ymall dunenuons, and
aimost effortless operanon of this modern
1astrument greatly broaden the feld of dust
samplng by the impinger method. Isolated
locanions, confined spaces, lack of electric cur-

rent or compressed arr presents no barriers to
M.S.A. MIDGET IMPINGER the M.S.A. Midget Impinger.

This wnstrument, designed for g 22
samphng of dust, fume. and mist, employs the
principle of proonuzaton with  electrostatic
precipitation. The umit »s compact and casy
to yse for samphog from the general atmos-
phere or from <tacks or ducts: 1z is the only
eficent ~ampler for fumes, particularly lead
fumes

Other features ere large amphng volume
of 2 cu. ft. per minute permutting accurate
determinations of very fow concentrations of
atmosphenc particulate matter; flow measure-
ment with ortfice and mechancal manometer
—no liquds to spill; exicnsion twbe for
samphing ar breathing level with apparatus oa
the floor; and collection of samples n a
special aluminum tube permstting determinar
nuons by werghbt, count or chesucal analysis.

This preapitator operates on 110-120 velts,

M.S.A. ELECTROSTATIC 60 cyck, alternating current. Case dimen
Dust and Fume Sampler auns are 16 x 1114 x 10%4 inches,
16
Princsd I U $.A.
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Foreword

l HERE 15 an increasngly wide and intenst mterest 1

harmful effects of breathng dusts, especially those that
contain free silica and cause the disease of the lungs known
+s siticoms. Interest has been further sumulated %y the
work of Federal agencies and States in industrial hygiene,
and by legislahon that provides compensation for injury
to health. As a result many persons in industry who are
responsible for healthy working conditions have been
confronted with the need of becoming acquainted with
dust diseases, nature of dust, 1ts composition, size of
particles, and the amount that is harmful, and the meaas
for preventing exposure and protecting werkmen. Much
has been said and published on these subjects, but it
has becn presented tn terminology and language of 2
specialized, technical, and scientific nature that is either
meaningless to most persons or creates a good deal of
misunderstanding.  Also, considerable confusion has arisen
from the conflictng opinions and views that have been
widely expressed, '

In this booklet 1z 15 endeavored to present some of the
questions that arise continually regarding the nature and
effects of dusts, and to answer these questions in simple
and insofar as possible non-technical language. -
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Pertinent Questions and Answers
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Q.

Concerning Dusts

What are the usual clossifications of air-carried particles?
Aur-carried particles are usually classified into three groups:

1—Dusts

2—Fumes

3—Mists
What are dusts? :
Dusts are mechanically generated particles resulung from such opera:
tions as dnlling, blasting, crushing, and handling of rocks and minerals:
sand-blasting; stone and gramite cutung: gnnding and polishing; and
all simular operations and processes.  The greater percentage of parucles
of air carried dusts are helow unc micron n size with an average he-
tween 0.5-0.7 mucrons.

What is a micron?

A micron 15 a umt of measurement, one micron being equal to about
1/2%,000 of an inch or in other words it would require 25,000 particles
each one micron 1n size laid end to end to measure onc inch.

What ig the smallest particle that can be seen by the naked eye?

The smallest particle visible to a person with average eyesight 15 about
100 microns 1n dimension. This 1s 1/250 of an inch.

How does this compare with the size of the average particle
found in air-born industrial dusts?

This 15 one hundred and fifty to two hundred times the size of the
average patticle found in industrial atmospheres. In other words, the
particles of dust of significance from the standpoint of health are only
a small fraction of the size that is visible to the naked eye.

Whet range of porticle sizes is important?

The particles below § microns are of most inportance as dusts of larger
size settle out of the air very quickly and are not Lkely to be breathed.
In general the particles of dust found in industry are below ene or two
microns with as much as 5095 below 0.5 or 0.7 micron. Under some
conditions the size may be larger or smaller than this general size range

What are fumes?

Fumes are particles produced in chemical and metallurgical processes,
welding, and stmilar operations, or by the decomposttzon of chemicals
by heat and combustion. The average particle size 1s less than that of
dusts. Most fumes have an average particle size of 0.2-0.3 microns.
The important harmful fumes are usually the fumes of metals or thar
compounds such as lead oxide, minc oxide, and cadmium oxide. Owing
to their small particle size, fumes are even more difficuit  remove by
filters than are mechanically generated dusts,

2
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MICRONS

SILICEOUS DUST FROM MINE AIR
Magnified 100 umes

The dust particles und does shown 1n this shetanen arc wagupied 100 tmes ther
actual size. If they were not magripied to this extent il oLdu Farlxlcs and dots would
be munable. Even the largest or 10 micron wze would only oneaenth that which
could be seen math the naked eye and the awevage particle would be less then ome-
hundredth the mable swe. This illustrates that the \mallest porticle that con be scen unth
the naked cye 13 about 100 microms 11 dimenvon und that all atr carned dust 15 mwsble.

8. Q. What are mists?

K. Mists are particles of liquids or mixtures of liquids and solids; in other
words, wet particles. Their size depends upon the process by which
they were generated. Good examples of mists are: the so-called “fogs™
produced in spray coating with materials such as silicesus glazes or
paint that contain lead, and the chromic acid mist produced during
chromium plating.

9. Q. What dusts are dangerous?

R, The effect of many industrial dusts on health 15 not known as yet since
the physiological reactions of most dusts do not appear for some years,
and the use of many dust producing compounds is relatively new.
Most authoriies agree that most dusts are harmful in some degree
if breathed in sufhcent concentration over a penod of time. The safe
course 15 t eliminate afl dust down to the limits that are considered
good engineering practice in dust control.

How are dusts classified in relation to their effects on health?
Dusts are usually classified 1nto three groups:

1—Toxtc or possonous dusts.

2—Nusance dusts.

3—Fibrosis-producing dusts.

10.
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What is o toxic dust?

A toxic dust is usuafly considered to be the dust of a poisonous ma-
terial, such as lead and arsenic or their compounds, that produces injury
to organs such as the circulatory system, heart, liver, kidneys, brain,
and nervous system. When a poisonous dust 15 inhaled and deposited
m the tungs, it dissolves and is carried by the blood tw 2ll organs and
ossues. [t may alsa be deposited 1n the mouth and throat by inhalation
or contammation with dirty hands, and later swallowed and enters
the body through the digestive tract.

What is a nuisance dust?

A nusance dust 15 one that 15 often assocated with an mcrease m
resprratory distases (such as, colds in the head, bronchitis, pneumona,
and tuberculoss) Many such dusts are discomforting and irritanng
to the worker and may be harmful. They do not produce toxic effects
or form fibrous tissue in the lungs.

What is a fibrosis-producing dust?

It is one that through its action in the lungs causes a disease of the
normal lung tissue and a replacement of this vital tissue wath fbrous
(scar) tissue

What is pneumoconiosis?
It is a term applied to any lung disease ansing from inhalation of dust.

What is silicosis?

It is a disease of the lungs in which the normal lung tissue is replaced
by fibrous (scar) tissue due to breathing air that contains free silica
dust (silicon dioxide, 5i0z).

Can silicosis be preduced by any substance other than fres
silica?

Silicosis is a specific disease caused only by breathing free silica How-
ever, there are indications that the presence of other kinds of dust and
gases may influence the effect of silica in the lung.

What is miners’ pthisis?

It 15 a tam used frequently to designate a condition of silicoms com-
plicated by the presence of tuberculosis.

What s anthraco-silicosis (minexs's asthma)?

It 18 2 chronic disease of the lungs in which the normal lung tissue is
replaced by scar Hssue caused by breathing excessive amounts of a

mixture of silica dust afong wath coal Just.

What is ashestousis?
It is a disease of the lungs in which the normal hung tssue is replaced
by fibrous (scar) tissue due to breathing air that contains asbestos dust.

3
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What are the principal factors in determining the heqlth hazard
from air-carried dust?
The following factors are usually tmportant:

1i—Chemical composition of the dust

2—Amount of dust in the air.

3—Size of the dust particles

4+—Length of ume of exposure.

What is meant by chemical compasition of a dust?

All materials such as rocks and minerals are not what might be termed
pure chemical compounds, bur are mixtures of several chemical com-
pounds. The chemical composition 1s the kind and amounts of these var-
10us components. In the case of silica-beanng substances, the amount of
silica present may vary from almost nothing to 100%. The amount
of free silica present 1s obviously the important factor in the silicosis
producing propesties of a dust.

Is the chemical composition of the dust in the air the same as the
substance that is being drilled, handled. crushed, or processed?
As most dust producing substances dealt with in industry contain more
than one mineral component, some of these components will crush or
disintegrate more casily than others and thereby form a larger pro-
portion of small particles. These smaller particles will tend to pre-
dominate in the air while other constituents being larger will settle out.
For this reason, the composition of the dust in the air may vary greatly
from the composition of the rock or mineral.

What is the importance of the chemical composition of a dust?

The chemical composition reveals the harmful constituents and their
amount, and constitutes the basis for judging the harmful qualities of
the dust. This information is an important factor along with con-
centration and time of exposure in determining the hazard.

What axe the impartant steps in determining the chemical com-
position of a dust?

It is necessary to first obtain a sample that represents the dust in the
air breathed, and then subject the sample to methods of analysis that
are known to give accurate results for the constituents desired,

How cun « repressentative sample of the dust in the air breathed
be obtained?

It can be cbtained only by collecting the dust from the air. Samples
of pieces of rock or settled dust do not necessarily bear any close re-
lation in composition to the dust fleating in the air,

How can a sample of sufficient size for chemical analysis be
collected from the «ir?

Collection from the air can be accomplished with dust collection devices
such as the impinger, electrostatic predipitator ar flter type of collectom.

3
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What methods are generally used for determination of the

percent of iree silica in dusts?

1—By chserving the action of the small dust particles on light with
the aid of a specal type of microscope. This 18 known as the
petrographic method.

2—By chemical analysis.

3—By observing the action of the particles on  X-Rays.

What cre the limitations of the petrographic method?

It is impossible by this method to examine individual particles below
one ar two microns in size and snce moet of the air-carned dust s
below this size range, one must rely on petrographic mformation
obtuned from particle sizes that are above those of primary sigmficance.

What are the Limitations of the chemicul method?

There is no known chemical method that 1s specific for free silica
(S5i0z) when this constituent is presenc with silicates However, by
cbserving the difference in the rate at which silica dissolves in certain
acids as compared with other constitucats 2 rough estimate can be
obtained for some dusts, but with others the method wall he zreatly
In error.

What are the limitations of the X-Ray method?

The X-Ray procedure can be used for making specific determinations
of free silica in a very small sample such as 2§ to 50 milligrams The
disadvantage of the method is that it requires very expensive ap-
paratus.

What is meemnt by size of particle: how is it expressed?

The size of the partizle is its largest dimension, usually expressed mn
mscrons. [e has been stated by authorities that if all dust befow one
micron in size could be eliminated. nearly ali dust disease would be
eliminated.

Bow can the size of dust particles bs determined?

The size of dust particles 1s measured by means of a microscope or by
projection of the dust particles on a screen similar in general principle
10 ordinary lantern slide projection. The particles as seen n the
microscope or projected are then measured. )

Haw gquickly does fine dust settle?
It settles very slowly. In the table given below will be found the time
in minutes estimated for silica dust of given sizes to fall one foot in
still air.

Time in mimnutes to

Size in microns fall one foot
V4 590
V5 187.
1 54,
2 14.4
5 25
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Dogs abzence of vigible dust mean absence of fine dust?

No. The operation may produce anly fine dust or the visible dust may
have disappeared owing to 1ts rapid rate of settling, leaving the invisible
but harmful dust in the air.

Wheat is meant by dust concentration: how is it expreased?

The concentration 1s the amount of dust suspended in a given volume
of air. It 15 usually expressed in number of particles in a cubic foor
of air, or millions of particles in a cubic meter of arr, or 1n a cubic
centimeter. [t may also be expressed as the weight of dust in a given
volume of air as milligrams 1n 2 cubic meter or gramns in a cubic foot,

What is the relalion among these units of quontily?

Number of cubic feet times 02832 gives number of cubic meters (m”).

Number of cubic meters times 35.31 gives number of cubic feet.

Number of cubic feet umes 28,317 gives number of cubic centi-
meters {cc.) '

Number of milligrams times .001 gives number of grams.

Number of grains times 64.80 gives aumber of milligrams.

Number of grains times .00229 gives ounces (avoirdupois).

How can the concentration in partides per cubic centimeter be
converted to number of particles per cubic loot?

Multiply the number of particles per cubic centimeter by a million
and divide by 35.31 to get number of particles per cubic foot.

How many partides of air-carried dust are in one milligram
weight of dust?

It has been found that one milligram of silica dust of the size range
present in industrial atmospheres contains about 200 to 300 million
particles, )

What apparatus cnd methods are generally used for defermin-
ing dust concentrations?

The impinger and electrostatic precipitator are the instruments genexal-
ly used for this purpose. Details of the instruments and methods can
be found in publications of the United States Bureau of Mines and
the United States Public Health Service.

What is an impinger?

It is a device by which air is drawn at a definite rate of flow and at
high velocity through a small nozzle so directed as to strike the bottom
of a glass flask which is partially filed with a liquid such as water,
alcohol, or 2 mixture of these liquids. This high velocity action causes
the dust particles to be “wetted” and retained in the liquid. Semc
of this liquid is then examined under a icroscope and a count of the
dust particles present is made.

n
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4. Q.
A.

2. Q.

What is an eleckresiatic precipitator?

It’s a device by which air is drawn at a definite rate of fow through a
high voltage electrical field so arranged as to cause any dust to be re-
moved and deposted m a sampling tube. The dust collected can be
determined exther by counting the number of parucles with 2 micro-
scope or by weghing. It 15 an efficient method but requires a source
of electnral energy. As with the impinger, the electrostatic precipitator
collects the dust continuousty from a comparauvely large volume of air
and thus provides a sample that represents average conditsons. It may
ew::la be used to collect a sample that s large enough for chemical
analysis.

How can expusure be determined?

Since exposure 15 a term that involves concentration, particle size,
chemical composition, and duration of tume, 1t 15 necessary to determine
all of these in order to properly evaluate the degree and extent of
exposure. The tme element requires an accurate job analysis in which
1s recorded the amount of time spent by a workman at his vanous
operations. This record should then be assocated with the dust con-
centration, particle size, and chemcal composition of the dust at each
operation and the average over ail daily exposure determined.

For Example:
Summary of Dust Exposure of Leyner Drillers in 2 Granite Quarry

Average exposure
in mullions of Hours spent 1in Particle hrs.
Activity particles per each activity {millicas per
cubic foot. cubic foot)
2134 4 853.6
9.8 1 9.8
8.0 2 16.0
6.0 Ya 4.5
1085.0 14 271.3
Total......ooiimee. 8 1159.2

1155.2 particle hours in millions per cubic foot 144.4 million particles per

cubic foot. Average expos-
8 hr. ure throughout the day.

Table from U. 8. Public Health Bulletin 217 by Bloomfield and Dallavalle

a Q
A,

What ia « respirator?

Any personal protective device designed to prevent the wearer from
inhaling the harmful constituents in his surrounding atmosphere is
called a respirator.
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How are the various types of respirators usually classified?
Respirators are classified as follows:

1. Air-supplied respirators.

2. Chemical filter respirators.

3. Mechanical filter respirators.

What is a supplied-air or air-line respirater?

It is essentially a hose line through which air that 1s safe to breathe 1s
conveyed to a facepiece worn by the workman. Air-line respirators are
approved by the United States Bureau of Mines under schedule No 19
The air may be supplied from the compressed air hne although pre-
ferably 1t should come from a separate blower unit designed o furnsh
arr free from distasteful or harmful impunnes

What harminl or objectionable constituents might be present in
high presgure oir as produced by an ordinary redprocating
type of compresaor?

Air from this source may contamn oil odors, mists of ol or water,
particles of rust or dirt from the air recewer or air lines, and in case
of improper compressor operation there may be burning of the lubn-
cants with the formation of carbon monoxde.

What precoautions should be taken to lessen the donger from air
contamination in the use of reciprocating type of air compres-
sorg?

Good maintenance and care i operanon of the compressor, rempera-
ture indicators on the outlet side of compressor, and carbon monoxide
detecting equipment or carbon monoxide alarms on the outlet side to
give indication of the presence of any carbon monaxide. Individual
compressor units 50 constructed as to make generation of harmful gases
impossible are desirable sources of clean air for airline respirators

What is an abrasive mask?

An abrasive mask is essentially an air line respirator with a special hood
for protection against high velocity particles in sand or shot blasting
operations.

What i a chemical 8iter respirator?

It is a respirator designed for removing gaseous constituents from the

air breathed. The filtering materals :n these respirators are usually
ules that react with the harmful constituents and remove them

%niml filter respirators are approved against light concentrations of

organic vapars under U. S. Bureau of Mines schedule No 23.

Whet is @ mochanical filter regpirator?

A mechanical filter respirator is a device that removes by mechanical
filtration the particles of harmful constituents from air that passes
through it These devices include dust, mist, and fume respirators.
Fach of these types of mechanical flter respirators is designed to protect
the wearer against the particular kind of matter to be dealt with.

9
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Q.

What is « United States Bureau of Mines “approved” mechani-
cal filter respirator?

It is a respirator that has offictally passed the ngid test requirements of
the United States Bureau of Mines as outlined mn that Bureau's Ap-
proval Schedule No. 21.

What are United Stctes Bureau of Mines schedules No. 19, 21 )

and 237

They are publicatons that descbe the requirements and tests that
respirators must meet in order to cbtain the approval of the Bureau of
Mines. Free copies of these publications may be abtained upon request
from the United States Bureau of Mines, Washington, D

Who makes the approveal tesis?
The Bureau of Mines makes the tests at its Pitrsburgh Experment
Station where experienced personnel and complete laboratory facilities
for dust investigations are avallable.

For what types of mechamical filter respirators does the Burean
of Minas schedule No. 2] provide approval requirements?
Schedule No. 2t provides approval requirements for mechanical filter
respirators for protection aganst mechanmically generated dusts: fumes
of various metals; and musts such as those from chromic acid and from
spray coating in the absence of harmful vapors and gases. Combi-
nations of these types may also be approved.

What are the general performunce reqmremen!s that a mechan-
ical flter dust respirator must give in order fo obtain the ap-
proval of the Bureau of Mines?
The general features of the performance requirements are:
t—Dust-tight fiv of the facepiece.
3—Reducticn of dust in the inbaled air below an amount that
causes harm.
3—A resistance to breathing that is below that which produces
discomfort.
4-—A satisfactory degree of convenience, durability, and service.

What is the size of the dust particles used by the United States
Burequ of Mines in the approval tesis of mechanical filter
regpirators?

The dust particles used in the tests are 95% below 1.78 microns and

50% below 0.6 micron. These size characteristics are very similar to
those found in the atmospheres of mines and industrial plants.

What severe dust filtering and resistance performance must a
mechanical filier dust respirator give to pass the approval teat?

Air that contains fifty mulligrams per cubic meter (approximately 300
to 500 million particles per cubic foot) of dust of the smell sir-

10
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spectfied by the Bureau of Mines 15 drawn chrough the respraror ar
a rate of 32 bters 2 minute, or at approxumately the rate at which air
1s breathed by an average man doing work. The totzal amount of dust
that Jeaks through the respirator 1 2 90 munute test period dumng
which 2.88 cubic metexs or 100 cubic feet of air are passed must not
exceed 3.0 milhgrams or 8.000! ounces. The remstance to mhalanon
when tested wath air flowmg through the respirator at 85 liters o
minute must at no time exceed 2 inches of water column This rests-
tance is below that which causes discomfort

Arg the Bureau of Mines approval requirements unnecessarily
exacting und impractical?

No. The approval requirements represent the minimum protection
that a resprrator should oive 1n order to protect the wearer adequately

What are the most important features of a respirator?
}—Adequate respiratory protection.

2—Comfort and convenience.

3—Ease and cost of maintenance.

What is meant by the efficiency of a respirctor: and what test
facts concerning efficiency must be known to determine i a
reapirator gives adeguate protection?

The efficiency of a respirator 1s the percentage of the dust in the ar
that is retained on the klter At least three very important facts should
be known (n order to determine if a respirator, that has a reported high
efficiency, also gives adequate protection:
1—The dust concentration used in determinmg the efficiency figure.
3—That the particle size of the dust used in determining the efficien-
¢y represents the size of the dusts found in industrial atmospheres.
3—That the percentage inefhciency, or the amount of dust that
leaks through, does not exceed that which is safe to breathe.

How does variation in particle size ellect the reliability of an
efficiency value of a respirator?

The statement that a respirator is 98% efficient means little if the
particle size range of the dust tested is not given because the difficuley
in removing dust increases as the particle size decreases so that dusts
below | to 2 microns are much more difficuit to remove than the larger
sizes, yet it is partides below 1 to 2 microns that predominate in in-
dustrial and mine atmospheres and produce the harmful effects. A
respirator which would not effectively remove dust below 2 microns
could be 98% efficient provided the test was made against concentra-
tions that contain only a small amount of particles below 2 microns
in size.
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Q.

How is the reliability of an eificiency value as a measure of dust
protection affected by the concentration of dust in the air?

A respirator may have lugh percentage efficiency and stll leak enough
dust through the filter to cause harm.  For example, 2 respirator that is
97% effcient aganst a concentration of 500 mullion particles of dust
per cubic foot of air (a not unusual case) would leak 15 million
particles which 15 more than s considered a permmsible amount of dust
with a high sitica content in the air breathed. The Bureau of Mines
approval 1s given anly to respirators that do not leak enough dust w
bnng the dust 1n the air breathed above permssible limits.

What is meant by cemfort and convenience?
The following factors are elements of comfort and convenience:
1 —Resistance to breathing.

1—Degree of impediment and encumbrance to vision and normal
performance of work.

Should comiort and protection he considered separately?

No Any acceptable respirator must gve both adequate protection
and an acceptable degree of comfort.

thtiimemibvcoato!mdntm?

The cost of maintenance is the expense involved in keeping the respira:
tor in an efficeent, comfortable, and clean working condition. Low
cost of replacement of filters is an important element in this expense.

What is meant by ease of maintenance?

By ease of maintenance is meant the ease with which a dust laden
respirator can be restored to its initial high degree of efficiency and
comfort through:

1—Sexvicing.

2—Replacement of filters.

How cun respirators be sterilized?

M.S.A. Cleaner-Sanitzer powder when mixed with warm water
makes an effective clezner and sanitizer for respirators. Just mix one
package (one ounce) to a gallon of warm (about 120° F) water and
immerse soiled respirator in this solution. Scrub gently with soft brush
until respirator is clean. Rinse 1n plain warm owater and arr dry.

12
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Mechanical Filter Respirators
For Protection from Dusts, Mists and Fumes
Manufactured by
Mipe Safety Appliances Company

M-S-A "COMFO" DUST RESPIRATOR With Type F Filters

by L

M-S-A “COMFO™ RESPIRATOR With Type S Filters
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Air Line Respirator Equipment
Marmefactured by
Mine Safety Appliances Company
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Accessory Equipment for Air Line Respirators

Maxufactared by
Mine Safery Appliances Company

M.S.A. PORTABLE AIR FILTER
AND REGULATOR

M.S8.A. CLEANAIR BLOWER

Entirely self-contatned and readdy
portable, this unt removes ol masts,
ol vapots, water, and pipe scale from
cumpressed a1, and provides cffecave
protection against excessive and variable
pressures in the air supply.

It 15 designed for attachment to the
man compressed atr hnes apnd has o
capacity of vne to ux take-uff lines to
supplied air masks and respirators.

The M S A. Portable Mur Filter and
Regulator s equipped with & chemical
fll for chaent removal of odors and
vapors, and a mechamcal sepacator
which temoves oil, water and dirt from
wncoming cormpressed ar. A buidtan
pressure regulator governs aur pressure
ot 2 predetermined safe limie

M.$ A. CleanAr Blowers wash, cool, and
humidify the arr they supply—by unlizing a
small, constant How of water through the
votor chamber, The water zls0 acts 25 2 com-
pression seal, eliminating all metal-to-retal
‘contact. Since no lubncston 15 necessary for
the operatwn of CleanAir Blowers, no ol
or grease comes 11 coneact with debvered arr.

No auxshary air filter oc regulator w necer
szry with a CkanArx Blower.

M S.A. CleanAur Blowers are furmished in
+ wide range of sizes to meer desired respy-
ratory requirements.

15
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Air Sampling Equipment for Dusts, Mists and Fumes
Mauufactused by
Mine Safety Appliances Company

The M.5.A. Midget Impinger samples at
a4 rate of one-tench ot 2 cubic toot per minute
and 15 operated by a hand-ranked, positrve
acting 4 cylinder pump of ingemous design
Ths pump, ir cunjuncoon with 2 vacsum
regulator, mamntins an unfluctuating wcuon
regardless of munor varwtions in the rate or
smoothness of cranlang, The appararus s
contamned 1n a compact. sturdy carrymng case
complete with nine calibrated glars ampling
tubes,

The light weight, small dimensions, and
sllwost effortless operabon of this modem
wnstrument greatly broaden the feld ot dust

pling by che impinger method. Tsolated

locations, confined spaces, kact of electric cur
tent or compressed air presents no barrers w

MS.A. MIDGET IMPINGER the M.5.A. Mudget Impinger.

This instrument, designed for quanutatnve
sarapling of dust, fume, and mist, employs the
prnnapie of pretonation with electrostanc
preapitation, The unit is compact and eds>y
to use for sampling from the general atmos
phere or from stacks or ducts: it i the only
eiaent sampler for fumes, partxularly lead
Tumes.

Other features are large sampling volume
ot 2 cu. {t. per manute permtting accurate
determinations of very low concentrations of
aoposphenc particolate matter: fow measure
ment with onfice and mechameal manometer
- -no ligwds to spil; exxmmon tubr for
samphag at breathing level with apparatus on
the foor: and collection of samples 1n a
speesal alumunum tube permitting determing-
ttons by weight, count or chemzal analyss.

o - — This precrpuator operates on 110-120 vokts,
M.S.A. ELECTROSTATIC 60 cycle, alterpating current. Case dimen-

Dust and Fume Sampler wons are 16 x 11%4 x 1014 inches,
14 .
Bucklet No 1000-2 Princed 0 €. S. A, %6
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PERTINENT
QUESTIONS and ANSWERS
CONCERNING DUSTS

MINE SAFETY APPLIANCES CO.
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Foreword
®

THER.E 1s an increasingly wide and intense interest in
harmful effects of breathing dusts, especially those that
contan free silica and cause the disease of the lungs known
as sithcosis,  Interest has been further sumulated by the
work of Federal agencies and States in mdustnal hygiene,
and by legislation that provides compensation for injury
to health. As a result many persons 1n industry who are
responsible for healthy working condiions have been
rather suddenly confronted with the need of becomung ac-
quainted with dust diseases, nature of dust, 1ts compaositon,
stze of particles, and the amount thar 18 harmful, and the

means for preventing exposure and protecting workmen. -

Much has been said and published an these subjects, but
it has been presented m terminclogy and language of 2
specialized, techmcal, and sciennfic nature that 1s etther
meamingless to most persons or creates 2 good deal of
musunderstanding.  Also, considerable confusion has ansen
from the conflicting opiaions and wiews that have been
widely expressed.

In this booklet 1t 15 endeavored to present some of the
questions thar anse continually regarding the nature and
effects of dust, and ro answer these questions in simple
and wnsofar as possible non-techmeal language.

J. T. RYAN,
Mme Safety Appliances Co.
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Pertinent Questions and Answers
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Concerning Dusts

Whet are the usual classifications of air-corried particles? D

Aur-carried particles are usually classified 1nto three groups: -
1—Dusts
2—Fumes
3—Mists
What are dusis?
Dusts are mechamically generated partcles resulting from such opera-
tions as dnlling, blasang, crushing, and handling of rocks and minerals:
sand-blasting; stone and granite cuttmg; grnding and polshing; and
all amilar operations and processes. The particle sizes of air-carred
dusts are usually below one micron with an average size of 05-0.7
MKTONS.

What is a micron?
A micron 15 2 orut of measurement, one micron being equal to about

1/25,000 of an inch or 1n other words it would require 25,000 parccles
each one micron m size laid end to end to measure one inch.

‘What i the smallest particie that can be seen by the nakted eye?

The smallest particle vimble to 2 person with average eyesight is about
100 microns in dmension. This 15 1/250 of an inch

How does this compore with the size of the average partide
found in air-bom industrial dusts?

This is one hundred and ffty to two hundred times the size of th
average particle found in industrial atmospheres. In other words, the
parncles of dust of significance from the standpoint of health are only
a small fraction of the size that 15 vimble 1o the naked eye.

What remge of particle sizes is important?

The parucies below 5 miczons are of most importance as dusts of larger
size settle out of the air very quckly and are not likely to be breathed.
In general the particles of dust found in industry are below one or two
raterons with as much as 50% below 0.5 or 0.7 micron. Under some
conditions the size may*be larger or smaller than this general size range.

What are fumes?

Fumes are particles produced in chemical and metallurgical processes,
welding, and sumilar operations, or by the decomposttion of chemicals
by heat and combuston. - The average particle s1ze is less than thar of
dusts. Most fumes have an average parucle size of 0.2-0.3 mucronps.
The mportant harmful fumes are vsually the fumes of metals or ther
compounds such as lead oxide, nnc axide, and cadmivm oxide. Owing
to therr small parncle size, fumes are even more difficult to remove by
filters than are mechancally generated dusts.

2
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SILICIOUS DUST FROM MINE AIR
Magnified 100 times

The dust parncdes and dots shown m this illusrauon are magnifed 100 tmmes ther
actual size. If they were not magnified to this extent all of the parnicies and dots wouid
be mvisble. Even the largest or (O microm size would be only onc-tenth that which
could be scern with the naked cye and the averege poruce would be less than one
hundredth the wisible size, This ilustrates that the smallest particle that can be seem unth
the naked eye 13 about 100 mucrons i dimennon emd that all e carried dust s minble.

" :

3. Q.
A
10. Q.
A,

What are mists? :

Mists are particles of liquids or mxtures of liguuds and solids; in other
words, wet particles, Their size depends upon the process by which
they were generated. Good examples of mists are: the so-called *“fogs™
produced in spray coating with materals such as siliceous glazes or
paints that contatn lead, and the chromic acsd mist produced during
chromium plating.

What dusis are dangerous?

The effect of many industnal dusts an health is not known s yet since
the physiclogical reactrons of most dusts do not appear for some years,
and the use of many dust produang compounds is relatively new.
Most authorities agrec that most dusts are dangerous in some degree
if breathed in sufficient concentration over a period of ume. The safe
course is to eliminate all dust down to the limuts that are considered
good engineering practice in dust control.

How ave dusis clogsified in relation lo their effects on health?
Dusts are usually dassified into three groups:
1—Toxic or poasonous dusts.

2—Nuisance dusts.
3—Fibrosis-producing dusts.

3
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What is a toxic dust?

A toxc dust 15 usually considered to be the dust of a poisonous ma-
tenal, such as lead and arsenic or thewrr compounds, that produces injury

to organs such as the arculatory system, heart, hver, kdneys, brain,
and nervous system. When a powsonous dust 1s inhaled and deposited

w the lungs, 1t dissolves and 13 carried by the blood to all organs and
tissues. It may also be depossted in the mouth and throat by inhalation

or contamination with dirty hands, and later swallowed and enters
the body through the digesuve tract. m

What is a nuisance dust?

A nuisance dust ts one that 5 often associzted with an increase n
respiratocy diseases (such as, colds in the head, bronchitis, pneumonsa,
and tuberculosis). Many such dusts are discomforung to the worker
and may be dangerous. They do not produce toxic effects or form
fibrous tissue in the lungs.

1.

p o

12

» O

13. What iz a fibrosis-preducing dust?
It 15 one that through its action in the lungs causes a disease of the
normal lung tissue and a replacement of this wital trssue with fibrous

(scar) ussue.

PO

14. What is pneumoconiosgis?

It 1s a term applied to any lung disease ansing from inhalatbion of dust.
What is silicosis?
It is a disease of the lungs in which the normal lung tissue is replaced

by fibrous (scar) tissue due to breathing air that contains free silica
dust (silicon dioxide, SiO,).

Can silicosis be produced by any substance other than free
silica?

Silicosis 15 a specific disease caused only by breathing free sihce. How
1 ever, there are ndications that the presence of other kinds of dust and
gases may influence the effect of silica mn the lung.

What is miners’ pthisis?

It 1s a term used frequently tu designate 2 conditron of silicosts com-
plicated by the presence of tuberculcss.

Wheat i3 anthraco-gilicosis (miner’s asthma)?

It 15 a chromic disease of the lungs in which the normal lung tissue 15
replaced by scar tissue caused by breathing excessive amounts of a
mxture of sitica dust along with coal dust.

What is asbestosis?

It is a disease of the lungs in which the normal lung ussue 15 replaced
by fibrous (scar) nssue due to breathing air that contains asbestos dust.

20. Q. What are the principdl factors in determining the heulth hazard
from cair-carried dust?
A, The following factors axe usually important:
1—Chemical composition of the dust.
2—Amount of dust in the aur.

IS.

PO po

16.

» Q0

17.

18.

PO PO

19.

PO

4

SC 030747



21,

22.

23.

25.

26.
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Q.
A.

5—Size of the dust particles.

+—Length of tme of expasure.

5—Asn understanding and interpretanon of these factors in

terms of the effect of dust on persons.

What is meant by chemical composition of a dust?
All matenals such a5 rocks and minerals are not what mught be termed
pure chemical compounds, but are metures of several chemical com-
pounds. The chemical composition s the land and amounts of these var-
sous components. In the case of alica-beanng substances, the amount of
silica present may vary from almost nothing to 100%. The amount
of silica present s obviously the wmportant factor i the silicosis pro-
ducing properties of a dust.

Is the chemical composition of the dust in the air the scone as the
substance that is being drilled, hondled, crushed, or processed?
As most dust producing substances dealt with m dustry contam more
than one mineral component, some of these components will crush or
dimntegrate more eastly than others and thereby form a larger pro-
portion of small particles. These smaller particles will tend to pre-
dominate in the air while other constituents being larger will sertle out.
For this reason, the composition of the dust in the a1r may vary greatly
from the composition of the rock or mmeral.

What is the importance of the chemical compesition of a dust?
The chemical composinon reveals the harmful constitvents and their
amount, and constitutes the basis for judging the harmful qualities of
the dust. This information 15 an important factor along with con-
centration and time of exposure in determining the hazard.

What are the imporiant steps in determining the chemical com-
position of a dust?

It 1s necessary to first obtain a sample that represents the dust m the
air breathed, and then subject the sample to methods of analysis that
are known to give accurate results for the consntuents desired.

How can a represeniative sample of the dust in the air breathed
be obtainad?

It can be cbtained only by collectung the dust from the air. Samples
of preces of rock or settled dust do not necessanly bear any close re-

Jation in composition to the dust floating in the air.

How cun o sample of sufficient size for chemical analysis be
collected from the air?

Collection from the air can be accomplished by long and continuous
operation of dust collectton devices such as the impinger, electncal or
electrostatic precipitators or flter bag type of collectors,

What methods are generally used for determination of the

percent of free silica in dusts?

1—By observing the action of the small dust particies on light wath
the aid of a special type of micrascope. This 15 known as the
petrographic method.

2—By chemscal analysis.

3—By observing the action of the paracles on X-Rays.

5
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What are the limitations of the petrographic method?

it 15 impossible by this method to examine indwidual particles below
one or two microns 1n 91ze and snce most of the ar-carried dust 18
below this size range, one must rely on petrographic informaton
obtatned from particle sizes that are above those of prmary significance.

What are the limitations of the chemical method?

There 1s no known chemical method that 1s speafic for free siica
($10,) when this constituent 15 present wath silicates. However, by
observing the difference 1n the rate at which silica dissolves i certamn
aads as compared with other constituents 2 rough estimate can be
obtained for some dusts, but with others the method wnil be greatly
in eczor.

What are the imitatious of the X-Ray method?

The X-Ray procedure can be used for makwng specific determunations .

of free silica in a very small sample such as 2§ to $0 miligrams. The
disadvantage of the method 15 that it requires very expensive ap-
paratus,

Whal is meant by size of particle; how is it expressed?

The size of the particle is its largest dimension, usvally expressed in
microns. It has been stated by authonties that if all dust below one
micron 1n size could be eliminated, nearly all dust disease would be
climinated.

How con the gire of dust particlea be determined?

The size of dust particles is measured by means of a2 microscope or by
projection of the dust particles on a screen similar 1n general principle
to ardinary lantern slide projection. The particles as seen m the
mucroscope or projected are then measured. .

How quickdy does fne dust getile?
It settles very slowly. In the table gtven below will be found the time
in minutes estupated for silica dust of given sizes to fall one foot m
still air. )

Size in microns Time in minutes to

fall one foot
Y4 590.
Y3 187.
1 54.
2 14.4
5 13

Does absencs ol visible dust mean absence of fine dust?

No. The operation may produce only fine dust or the visible dust may
have disappeared owing to 1ts rapid rate of sexxling, leaving the invisible
but harmful dust in the air.

What is meant by dust concentrations how is it expressed?

The concentration 1s the amount of dust suspended in a given volume
of air. It 1 usually expressed n number of particles in a cubic foot
of air, or millions of particles in a cubic meter of air, ar in a cubic

6
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centimeter. It may also be expressed as the weight of dust 1n 2 given
volume of arr as mulligrams n a cubic meter or gramns in a cubic foor.

What is the relation cmong these units of quantity?

Number of cubic feet times .02832 mves number of cubic meters {m’}.

Number of cubic meters times 35.31 gwves numbes of cubic feer,

Number of cubic feet tumes 28,317 gives number of cubk cent-
meters (cc.)

Number of milligrams times .001 gives number of grams.

Number of grains times 64.80 gives number of milligrams.

Number of grains nmes 00229 gves ounces (avoirdupois)

How can the concentration in particies per cubic centimeter be
converted {o number of particles per cubic foot?

Multiply the number of particles per cubic centimeter by a2 million
and divide by 35.31 to get number of parncles per cubic foot.

How many particles of air-carried dust ars in one milligram
weight of dust?

1t has been found that one milligram of stlica dust of the size range
present in industrial atmospheres contamns about 200 to 300 mullion
particles.

What apparatus and methods ave generally used for determin-
ing dust concentrations?

The impinger, konimeter, and electacal precpmator are the instru-
ments generally used for this purpose. Details of the instruments and
me can be found m publications of the United States Bureau of
Mines and the United States Public Health Service.

What is an impinger?

It is a device by winch air is drawn at a definite rate of flow and at
high velocity through a small nozzle so directed 23 to stnke a glass
plate immersed in liquid such as water, alcohol, or 2 mixture of these
liquids. This fhugh velocity action causes the dust particles to be
“wetted” and retained in the liqud. Some of this liquid 1s then
examined under a microscope and a count of the dust particles present
s made. It is a rather bulky instrument, requires training in use, care
in handling, but has acreptable accuracy. It is the instrument most
commonly used at present in the Urnuted States for dust determmnations.

" It can be used for determunmg the number of dust particles of any

kind of dust not soluble 1n the liquid in which it is collected. It can
be used for soluble dusts by evaporating the solution, thus leaving the
dust as residue. The soluble dust may also be determined by chemscal
means. As the impinger apparatus collects the dust from a rather
large volume of air taken continuously over a considerable period of
tme, the results are more representative of average conditions than
those dbtained by the use of an instrument that collects mstantanecus
or grab samples.

What is a konimeter?

It 15 a device by which a small sample of air, usually § cc., is drawn
through a small nozzle and directed in the form of 2 jet onto a glass
plate coated with vaseline or microscope jelly. By this means dust

1
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42 Q.

43 Q.
A.

particles are deposited on the plate. With one design of konmeter the
number of particles of dust are counted with a microscope drrectly
attached to the mstrument; with another type these samples are taken
to the laboratory for counting with an ordinary microscope.  The
konimeter takes 2n instantaneous or grab sample rather than a con-
tinuous sample as taken by the impinger or electnical preciprator. It
15 a raped method and requuces very little sampling skill.  For obtaining
average dust concentrations over a period of tmme x 15 necessary to
make a sertes of konuneter determinations and average the results.

What is cn electrical precipitator?

It’s a device by which awr is drawn at a defimte rate of Bow through a
gh voltage electrical field so arranged as to cause any dust to be re-
moved and deposited on a foul or paper. The dust collected can be
determined either by counting the number of particles with 2 micro-
scope or by weighing. It s an efictent method but requires a source
of electrical energy. As wath the mpinger, the elecmcal precipitator

~ collects the dust continuously from 2 comparatrvely large volume of air

and thus provides a sample that represents average conditions. It may
even be used o collect a sample that 158 lacrge enough for chemcal
analysis.

How can exposure ba determined?

Since exposure is a term that involves concentration, particle size,
chemical compostion, and duration of time, 1t 15 necessary to determine

all of thesz in order to properly evaluate the degree and extent of .

exposure. The time ent requires an accurate job analysis in which
s recorded the amount of time spent by a workman at his vanous
operations. This record should then be associated with the dust con-
centration, particle size, and chemical composinon of the dust at each
operation and the average over all daily exposure determined.

For Example:
Summary of Dust Exposure of Leyner Drullers 1n a Grarute Quarry

Average exposure .
in millions of Hours spentin  Particle hrs.
Activity partcles per each activity (tnullions per
cubse foot. ’ cubic foot)

Drilling. - eovemccom e 213.4

Changing
Watching dnlls..........
Broachiog.. 6.0

853.6
9.8
160
4.5

delis 98

8.0

& e B

Blowing off holes.... 10850

:A
Ya 271.3

Totahe oo -

8 1153 2

11552 particle hours in mullions per cubic foor 144.4 million partcies per

= cubic foot. Average expos-
8 br. ure throughout the day.

Table from U. S. Public Health Bullekn 217 by Bloomfield and Dallavalle.
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What is a respirator?

Any personal protective device designed to prevent the wearer from
inhaling the harmful consutuents 1n his surrounding atmosphere 15
called a respirator.

What is a supplied-dir or air-line respirator?

It 15 essentrally a hose line through which air that 15 safe to breathe 18
conveyed 10 a faceprece worn by the workman. The air may be sup-
plied from the compressed air line although preferably it should come

from a separate blower unit designed w furmush air free from distasteful
or barmful impurtties.

What harmful or objectionable constituents might be present in
bigh pressure oir as produced by cm ordinary reciprocating
type of compressor?

Air from this source may contain o1 odors, musts of al or water,
particles of rust or dirt from the air recerver or awr lines, and in case
of improper compressor operanon there may be burning of the lubn-
cants with the formanon of carbon monoxide.

What precqauiions should be taken to lessen the denger from air
contamination in the use of reciproceating type of cir compres-
sors?
Good mamtenance and care in operation of the compressor, tempera-
ture indicators on the outlet side of compressor, and carbon monoxide
detecting equipment or carbon monoxide alarms on the outlet side to
give indication of the presence of any carbon monoxide. Individual
compressor units so constructed 2s to make generation of harmful gases
le arc desirable sources of clean air for awrling respiratocs.
The M.S.A. Clean Air Blower 15 designed to fill this need.

What is a chemical filter regpirator?

It 15 a respirator designed for removing gaseous constituents from the
air breathed. The fltering matenals in these respirators are usually
granules that react wath the harmful constituents and remove them.

What is @ mechanica] flter respirator?

A mechanical filter respirator 15 a device that removes by mechamcal
filtranon the particles of harmful constituents from air thar passes
through 1t These devices include dust, mist, and fume respirators.
Each of these types of mechanucal filter respirators 1s designed to protect
the wearer agamnst the particular kind of matter w be dealt with.

What is a United States Bureau of Mines “approved”™ mechani-
cal Hler respirator?

It is a resprrator that has officially passed the nzd test requirements of
the Unired States Bureau of Mines as outlined in that Burezu's Ap-
proval Schedule No. 21.

What is United States Bureau of Mines schadule Ne. 217

It 8 2 publicanon that describes the requirements and tests that a
respirator must meet in order to obrain the approval of the Bureau of

9
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52. Q.

5. Q.

54 Q.

Mines. Free copies of this publication may be obtained upon request
from the Unired States Burean of Mines, Washingron, D. C.

For what types of mechanical filter respirators does the Buzecru
of Mines schedule No. 21 provide approval requirements?

Schedule No 21 provides approval requirements for mechamcal filter
respirators for protection aganst mechamcally generated dusts (known
as Type A respirator) : fumes of vanious metals (Type B). and mists
such as those from chromic acd and from spray coanng 1n the absence
of harmful vapors and gases {Type C) Combnnanions of these types
may also be approved.

Who makes the approval tests?

The Burcau of Mines makes the tests at its Pirtshurgh Expenment
Sranion where expensnced personnel and complete laboratory fachoes
for dust investigations arc available

What are the general performance reqtﬁréments that o mechan-

ical filler dust respiralor must give in order to obtain the ap-
proval of the Bureau of Mines?

The general features of the performance requirements are:
t—Dust-tight it of the facepiece.

2—Reduction of dust in the inhaled air below an amount that
causes harm.

3—A remstance to breathing that i3 below thar which produces
discomfort.

4+—A sausfactory degree of convenence, durahility, and service.

2 ¥~ P~ X, =
Coal Miner weanng COMFO RESPIRATOR

10
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58. Q.
A.
6. Q.

57. Q.

What is the size of the dust parficles used by the United States
Bureau of Mines in the approval tesis of respirators? )
The dust particles used 1n the tess are 95¢¢ below 1 78 migrons and
300 below 06 mwron These sie charactensuies are very amslar to
those tound 1n the stmospheres of mines and industnal planes

What severe dust filtering and resistance perlormance must «
mechanical flter dust respirator give to pass the approval test?

Arr that contans fifty mlhigrams per cubic meter (approxumately 300
o 00 million particles per cubic foot) of dust of the small size
spectfied] by the Bureau of Mines s drawn through the respirator at
a rate of 32 lwers a mimute. or at approximately the rate at which arr
15 breathed by an average man doing work The roral amount of dust
that [caks through the resporator 1n 2 90 munute test penod during
which 2.88 cubic meters or 100 cubic feer of air arc passed must not
exceed 3 O milligrams or 0 00N1 ounces The resistance to whalation
when tested with arr flonang through the respirator ar 85 liters a
minute must at no ome exczed 2 inches of waeer column.  This resise
tance 15 helow that which causes discomfort.

Are the Bureau of Mines approval requirements unnecessarily
exaciing «nd improcticad?

No. The approval requirements m schedule Nn. 21 represent the mimi-
mum protection that a respirator should give n order to protect the
wearer adequately.

M S A Comfo Respwator used dunng grinding operanens

1
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Q.

What are the most important features of « respirator?
1-—Adequate resprratory protection.

2—Comfort and conventence.

3—Ease and cost of maintenance.

What is the Comfo Respirator?

It 15 a particular type of respirator manufactured by the Mme Safery
Applrances Company that 15 approved by the U S Bureau of Mines
It was the first respirator to pass this Bureau's approval tests. It has
filters of specially treated cellulose for removing the dusts of very small
size that arc present 1n wndustmal atmospheres. The filiers are pro-
tected from damage or ~ontammnauon by a metal covenng and are
attached to both sides of an ail rubber facepiece. It has a large filtering
arez and low resistance o brearhing.

How does the Comfo Hespiraior meet the requirements for
adequate respiratory protection?

The protection afforded by the Comfo Respirator is certified by the
United States Bureau of Mines approval which 1t carries as ¢ result
of having successfuily passed the approval tests agauinst dusts of a
particle size 93% of which are lees than 178 microns and 70C¢ less
than 0 60 microns. This 1s the range of parncle suzes usually found
for mine and ndustnal dusts.

What is meant by the eificdency of a respirator: and what test
facts comcorning efficiency must be lmowm to determine if a
respirator gives adequcte protection?

The eficency of a respirator 15 the percentage of the dust in the ar
that 15 retained on the filter. At least three very mnportant facts should
be known in order to determine if a respirator. that has a reported high
efficency, also gives adequate protection:

1—The dust concentration used in determining the efficiency figure

2—Thar the parucle size of the dust used 1n determining the eficien-
<y represents the size of the dusts found 1n industrial atmospheres

3—That the percentage mneficency, or the amount of Just that
leaks through, does not exceed that which is safe to breathe.

How does variation in particle size effect the reliability of an
efficiency value of o respirator?

The statement that a respimator s 98% <ffcient means lictle 1f the
particle size range of the dust tested 13 not given berause the difficulry
in removing dust increases as the parucle size decreases so that dusts
below 1 to 2 microns are much more difficult w remove than the larger
sizes, yet 1t 1s particles kelow 1 to 2 microns that predominate w -
dustrial and mune atmospheres and produce the harmful effects. A
respirator which would not effectvely remove dust below 2 mucrons
could be 98% efficient provided the test was made agawnst concentra
tions that contan only a small amount of particles helow 2 microns
n saze
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How is the relicbility of an efficiency value as a measwure of dust
protection aftected by the concentration of dust in the edr?

A resprrator may have high percentage effiqency and sull leak cnough
dust through the filter to cause harm.  For example, a respirator that 15
97%% cfficent against a concentration of 00 million particles ot dust
per cubic foot of wr (a not unusval case) would leak 5 muthon
particles which 13 more than 1s considered a permissible amount of dust
with a hugh sihea content 1n the air breathed.  The Bureau of Mines
approval 1s qwven only to resprrarors that do not leak enough dust to
bring the dust in the wr breathed above permusaible fimits.

What is meant by comfort cnd convenience?

The following factors arc clements of vomfort and convenence
1—Resmstance to hreathing.
2—Dcgree of impediment and cncumbrance o wisten and normal

performance of work.

Should comiart and protection be considered separately?

No Any acceptable respirator must mve both adequate protection

and an avceptable degree of comfort.

How does the Comfo Respirator meet the comiort requirement?

The comfore of the Comfo Respirator 1s assured by 115 low breathing
resstance, [ight weight, and lack of oncumbrance to the wearers
vision and movement

M § A. Comfe Resprrator wom by worker m coramic plant

13
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67. Q. What is meant by cost of maintenance?
A. The cost of mamtenance 1s the expense involved 1n keeping the respira-
tor 1n an efficient, comfortable, and clean working condinon. Low
cost of replacement of hlters is an ymportant element m dhus expense.

68. Q. How does the Comio Respirator meet the low maintenance cost
requirements?
A. The low mamtenance wst of the Comfo Respirator 13 given by the
low cost af the replaceable filters and the short ume roquired for ¢
replacement. /

65. Q. What is meant by ease of maintenance? -
A. By case of mantenance 13 meant the ease with which 2 dust laden '
respirator can be restored to s iwnoal lugh degree of eficiency and
comfort through. .
|—~S8erviang.
2—Replacement of flters
5—Stenlizauon.

70. Q. How does the Comio Respiralor meet this requirement for ease
of maintenomce?

A. The low cost of Comfo Resprrator hilters permits discarding of the dust
taden flter and replacement with new filters.  This avoids the cleaaing
of flters and provides 2 new and clean tler with the initial high
degree of protection and comfort.

71. Q. How cun respirators be sierilized?

A, Scrub rubber and meral parts with soap and water. Rinse m warm
water anpd mmmerse for 10 punutes i a solution of formalin made by
placing one part of 40% formaldehyde solunon into 9 parts of water.
Instead of the formalin solution, 1 part of carbolic acd 1 33 parts of
water, or 1 part of Lysol 1 50 parts of water, or 8 parts of denatured g
alcohol in 3 parts of water may be used.

All resprrators should be thoroughly rinted with water immediately
after ymumersion 1n the sterilizing solutton and put 1n a clean place

to dry.

72. Q. How does the Comic Respirator permit easy and thorough steril-
ization and cleaning of all parts?

A. Ounang to the low cost of filters, these parts can be discarded and the
entire remaining part of the respirator thoroughly washed and sterr
lized. After replacement of new flters the respirator 15 1 its onginal
clean and eficent conditron. This permits daly sterhzation of all
parts and avoids the growth of bactena and danger of contamnation
from parts that cannot be completely stenlized.

73. Q. How does the Comfo Respirator meet the requirements of indus.
tries for respixratory protection? )

A. The Camfo Respirator 1s certified by the Unted Stares Bureau of
Mines Approval as giving adequate respiratory protection; It is com-
fortable and convement; 1t 1s easily mamneamed and the cost of filter
replacement is low.

14
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Equipment for Protection from Dusts
Manufactyred by
Mine Safery Appliances Company

M.S.A. COMFO RESPIRATOR

The M.S A Comtu Dust and Mt Resprra-
tor 15 a mechamcal blter cype respirator that
was developed to pratect warkmen from
breathing dust such as sthea, ¢oal. iron,
asbestos, and other amdar air camed par-
tcles of the very small sizes lound wn ndus
trial atmospheres It ~dl also protect agmunst
the harmiul hiqud must preduced 1n chromium
plating and the mix of vitreous enamets. This
tespirator has been oficwlly approved by the
U. § Burcau of Mines, Approval No 2101

The M S A. Comto Lead Dust Respirator
15 tdentscal in design with the Dust and Mist
Respirator except the cellulose  fileers are
speaally treated for tiltering out lezd dusts ot
small parucle sizes.  [e s oficually approved
by the U § Bureau of Mine~. Approval
Nv 2107

M.S.A. AIR LINE RESPIRATOR

The M.S.A. Aur Lioe Respirator provides
protecaon lrom gases, \apore, dusts, 4nd

fumes by providing the wearer with an ade-
quate supply of arr lor breathing require-

ments. Both the M S A, A Line Respirator
and the MS.A. Abrasive Mask (shown
later) have freeawhechng control valves to
insure against acadenta bumpng and chang-
g of air low. and a quick retease conncction
in case the 2ir supply fals or becomes un-
usable for any reason,

i3
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The M S.A. Abrasve Mask 15 2 light, comtortable. tresh ar supplied unit designed tor
cesparatory prurection {rom the high concentrations of fine dust produced by abrasne
blastng with sand or shot, and fur protecuon ot the head and -houlders frum impact and
abrason by the high velocity rebounding partickes It gaves prowection trom dusts, tumes,
gascs, and vapors.

M.S.A. CLEAN AIR BLOWER

The M5 A, Clean A Blower :pcculll designed tor supplving air that s ool clean.
humidsfied, and free from obroxious or harmtul gases to ax hne respirators, sand blast
hoods, and helmets. Jt 18 a rotary type n which water 15 used as a compressor seal,
cooling medium, humidifer, air washer, and dust remover There 13 no mternal lubrication
and oo contact of the air with ou, grease, or contaminating agents.

16
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Foreword
°

THERE is an increasingly wide and intense intercst in
harmful effects of breathing dusts, especially those that
contain free sdica 1nd cause the disease of the lungs known
as siicosis, Interese has been further stimulated by the
wark of Federal agencies and States 10 industrial hygene,
and by legislaton that provides compensauon for injury
to health.  As a result many persons in industry who ane
responsible for healthy working conditons have been
rather suddenly confronted with the need of becoming az-
quainted with dust diseases, nature of dust, its composidion,
size of particles, and the amount that is harmful, and the
means for preventing exposure and protecting workmen.
Mouch has been said and published on these subjzetz, but
st has been presented in terminology and language of a
spedalized, technica!, and scientific nature that is either
meaningless to most persons or creates a good deal or
misunderstanding. Also, considerable confusion has arisen
from the conflicting opinions and views that have been
widely expressed.

In this booklet it is endeavored to present same of the
questions that acise continually regarding the naturz and
effects of dusts, and ro answer thess questions in simple
and insofar as possible non-technical language.

J T.RYAN,
Mine Safery Appliances Co.
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Pertinent Questions and Answers
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Concerning Dusts

What are the usual dassifications of air-carried particles?
Air-carried particles are usually classified into threz groups:

1—Dusts

2—Fupes

3—Mists
What are dusts?
Dusts are mechanically generated particles resulting from such opera-
tions as dnlling, blasting, crushing, and handling of rocks and minerals:
sand-blasting; stone and granite comng; grinding and polishing; and
all similar operaticns and processes. The particle sizes of air-carned
dusts are usually below one micron with an average size of 0.5-0.7
microns, '
What is a micxon?
A micron is 2 unit of measurement, one micron deing equal to abour
1/25,000 of an inch or in other words it would require 25,000 particles
eath one micron in size laid end to end to measure one i

What is the smallest particle that can be seen by the vaked eye?
‘The smallest particle visible to a parson with average eyesight is about
100 microns in dimension. This is 1/250 of an inch.

How does this compare with the size of the average particle
found in air-bern industrial dusts?

This is one hundred and fifty to two hundred times the size of the
average particle found in industrial atmospheres.  In other words, the
particles of duse of significancz from the standpoint of health are only
a small fraction of the sizc that 15 visible to the naked eye.

What remge of particle sizes is important?

The particles below 5 microns are of mest importance as dusts of larger
size setrle out of the air very quickly and are not bkely to be hreathed.
In general the particles of dust found in industry zre below one or two
microns with as much as 7045 below 0.5 or 07 micron. Under some
conditions the site may be farger or smaller than this general size range.

What are fumes?

Fumes are particles produced in chemical and metalfurgical processes,
welding, and similar operatons, or by the dwcomposition of chemicals
by heat and combusition, The average particle size is less than that of
dusts. Most fumes have an average particle sizz of 0.2-0.3 microns.
‘The important harmful fumes are usually the fumes of metals or their
compounds such as lead oxide, zinc oxide, and cadmium oxide. Owing
to their small particle size, fumes are even more dificult to remove by
filters than are mechanically generated dusts.

2
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actmal size. If they were not magmfied 0 this extenc all of the parncies and dots would

be invinble. Even the largest or 10 micron size would be only onctemth that which

could be seen with the naked ¢ve and the average particle would be l=ss than onee

hundredeh the vinble sze. This dinsoates thae the smallest paracle the: can be scen wich
¢ the neked eye is abous 100 micyoms in dimension and that all aer carrred duse s tnvicible.

8. Q. What are mists?

A. Mists are particles of liquids or mixtures of liguids ang solids; in other
words, wet particles  Their size depends upon thz process by which
they were generated. Good examples of mists are: the so-called “fogs™
produced in spray coating with materials such 25 aliccous glazes or
paings that contain lead, and the chromic acid mist produced during
chromium plating,

8. Q. What dusls are dangerouns?

A. The cffect of many industrial dusts on healch is not known as yet since
the physiological reactions of most dusts do not appear for zome years,
and the use of many dust producng compounds is reladvely new.
Mose autharities agree that most dusts are dangerous in some degree
if breathed in sufident concentration over a peniod of time. The safe
course is to climinate all dust down to the limits that are coasidered

- good enginexring practice in dust control. :
10. Q. How ore dusks clossified in relation lo their efacs on heclth?

A. Duss are usually classified into three groups:

1—Toxic or poisonows dusts.

2—Nuisance dusts.
3—Fibrosts- producing dusts,
3
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What is a toxic dust?

A toxic dust 5 uaually considercd to be che dust of a potsunous ma-
teral, such as lead and arsenic or their compounds, that produces injury
to organs such as the arculatory system, heart, liver, kidneys, b,
and nervous system. When a poisonous dust is inhaled and depasited
in the lungs, 1 dissolves and is carried by the blood to all organs and
ussues. It may also be deposited 1n the mouth and throat by inhalation
or conmmination with dirty hands, and later swallowed and enters
the body through the digestive trace.

What is a nuisaacs dust?

A nuisance dust is one that is often associated with an increase in
respiratory diseases (such as, colds in the head, bronchids, pneumonia,
and tuberculoss). Many such dusts are discomforang to the worker
and may be dangerous. They do nor produce toxic effects or form
fibrous tissue in the lurgs.

What is a fibrosis-producing dust?

It 15 one thar through 15 action in the lungs causes a discase of the
aormal lung tissue and a replacement of this vital tissue with fibrous
{scar) tssue.

What is paeumoconiosis?

It 15 a term applizd o any lung disease arising from inhalation of dust.
What is silicesis?

It is a disease of the lungs in which the normal lung tissue is replaced
by fibrous {scar) tissue due to breathing air that contzins free silica
dust (silicon dioxide, $:0;).

Cen silicosis be produced by any substance other then free
silica?

Silicosis is a specific disease caused only by breathing free silica. How-
ever, there are indicadons that the presence of other lands of dust 2ad
gases may nfluence the effect of silica in the lung.

What is miners’ pthisis?

It is 2 rerm used frequently to designate a condition of silicosis com-
plicated by the presence of whberculosis.

What is anthraco-silicosis (miner’s esthma)?

It is 2 chronic diszasz of the lungs 1n which the normal lung tissue is
replaced by scar tissue caused by breathing excessive amounts of 2
mixture of silica dust along with coal dust.

What is asbestesis?
Ic is o discase of the lungs in which the normal lung tissue is replaced
by fibrous (scar) ussue due to breathing air that contains ashestos duse,

What are the principal factors in determining the health hazord
from air-ozrried dust?
The following factors are usually important:

1—Chemical compositton of the dust.

2—Amount of dust in the air.

4
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3—Size of the dust particles.

4—Length of tme of exposure.

§—An understanding and mterpretanon of these factors in
terms of the effect of dust on persons.

What is meant by chemical composition of a dust?

All matesials such as rocks and minerals are not what might be termed
pure chemucal compounds, but are mixtures of several chemical com-
pounds. The chemical composition ts the kind and amounts of these var-
10us components. In the case of silica-beaning substances, the amount of
sifica present may vary from almost nothing so 10665, The amount
of silica present 15 obviously the important factor in che silicosis pro-
ducing properties of 2 dust.

Is the chemical composition of the dusi in the oir the scme as the
substance that is being drilled. handled. crushed. or processed?
As most dusz producing substances dzalt with in industry contain more
than one mineral component, scne of these components will crush or
disntegrate more casly than others and thereby form 2 larger pro-
poroon of small pardcles. These smaller parvicles will tend to pre-
dominate in the air while other constituents being larger will setile out.
For this reason, the composition of the dust in the air may vary greatly
from the composinon of the rock or mineral.

What is the importance of the chemical compesition of a dust?
The chemical compasition reveals the harmful conssruents and theic
amount, and constitutes the basis for judging the harmful qualities of
the dust. This information is an important factor along with con-
centration and time of exposure in determining the hazard.

What are the importomt steps in determining the chemical com-
pesition of a dust?

It is pecessary to Brst ohtain a sample that represents the dust in che
air breathed, and then subject the sample to methods of analysis that
are known to give accurate results for the constituents desired.

How com a representative sample of the dust in the air breathed
be obiained?

It can be obmined only by collecting the dust from the air. Samples
of pieces of rock or settled dust de not necessarily bear any close re-
lation in composition to the dust flcating w the air.

How can a sample of sufficdent size for cherdcal analysis be
collected from the air?

Collection from the air can be accomplished by long and continuous
operation of dust collection devices such as the impinger, clectrcal or
electrostatic precipitators oc filter bag type of collectors.

What methods are generally used for determination of the

percent of free silicx in dusts? .

1—By observing the action of the :mall Just particles on light with
the aid of a special type of mwroscope, This is known as the
petrographic method.

2--By chemical analysis.

3—By observing the action of the particles on X-Rays

b]
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What are the Emitations of the petragraphic method?

It is impossible by this merhod to examine individual particles below
one or two microns in size and smce most of the air-carried dust is
below this size range, one must rely on petrographic information
obtained from particle sizes that are above those of primary significance.

What are the limitations of the chemical method?

There is no known chemical method that is specific for free silica
(5i0.) when this constituent is present with silicates. However, by
observing the difference in the rate at which silica dissolves in certain
acids as comparcd with other constituents a rough esumate can be
cbtained for some dusts, but with others the method will be greatly
in error. .

What are the Emitations of the X-Ray method?

The X-Ray procedure can be used for making speafic dererminations
of free silica in 2 very small sample such as 25 to 50 milligrams.
disadvantzge of the method is that it requires very expemsive ap-
paratus.

Whet is meeant by size of particle; how i3 it expressed?

The size of the partide is its largest dimensian, usually expressed in
microns. It has been stated by authorities that if all dust below one
micron in size could be eliminated, nearly all dust disease would be
eliminated.

How con the size of dust particles be determined?

The size of dust particles is mrasured by means of 2 microscope or by
projection of the dust particles on 2 screen sunilar in general principle
to ordinary lantem shide projection. The particles as scen in the
microscope or projected are then measured.

How quickly does fne dust settle?
It settles very slowly. In the table given below will be found the time
in minutes estimated for silica dust of given sizes to fall one foot in
still air.

Time in minutes to

Size in microns fall one foar
V 590.
/z 187.
1 4.
2 14.4
5 2.5

Deoes absence of visible dust memm absence of fine dust?

No. The operation may produce only fine dust or the visible dust may
have disappeared owing to its rap:d rate of sarzling, leaving the invisible
but harmful dust in the air.

Whaet is meant by dust concentration: how is it e#pxbs’sed?

The concentration is the amount of dust suspended in a given volume
of air. It is usually expressed in number of particles in a cubic foor

of air, or millions of particies in a cubic meter of air, or in a cubic

6
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centumeter. It may also be expressed as the weight of dust sn a given
volume of aic as aulligrams 1n a cubte meter or grains in a cubic foot,

What is the relation among these units of quemtity?

Number of cubic fect times .02832 gives humber of cubic meters (m').

Number of cubic maters times 37.31 gives number of cubic feet.

Number of cubic feet ames 28,317 gives number of cubic centi-
meters (cc.)

Number of milligrams times .001 gives number of grams.

Number of grains times 64.30 grees number of milligrams.

Number of grains times .00229 gives ounces (avoirdupois).

How cun the concentration in particdles per cubic centimeter be
converted to numnber of partides per cubic foot?

Multiply the number of particles per cubic centimeter by a mullion
and divide by 35.31 to get number of particles per cubic foor.

How many porticles of air-carried dust are in one milligrom
weight of dust? :

It has been found that one milligram of silica dust of the size range
present in industrial atmospheres contains about 200 to 300 million
particles.

What apparatus and metheds are generally used for determin-
ing dust concentrations?

The impinger, konimeter, and electrical precipitator are the instru-
raents generally used for this purpose. Details of the insouments and
methods can be found in publications of the United States Bureau of
Mines and the United States Public Health Service.

What is an impinger? '

It is a device by which air is drawn at 2 definite mt of flow and at
high velocity through a smail nozzle so directed as to strike a glass
plate immersed in liquid such as water, alcchol, or a mixture of these
liquids. This high velocity action causes cthe dust particles w be
“wetted” and retained in the liquid. Some of this liquid is then
examined under a microscope and 2 count of the dust particles present
ts made. It is a rather bulky instrument, requires training in vse, care
in handling, but has acceptable accuracy. It is the instrument most
commonly used at present in the Unired Srates for dust determinations,
It can be used for determining the number of dust particles of any
kind of dust not soluble i the liquid in which it is collected. It zan
be used for soluble dusts by evaporating the solution, thus leaving the
dust a5 residue. The soluble dust may also be determined by chemical
means. As the impinger apparatus collects the dust from a rather
large volume of air taken continuously over a considerable period of
time, the results are more representative of average conditions than
those obrained by the usz of an instrument that collects instantancous
or grab samples.

What is « konimeler? .

It is a device by which a smll-sahﬁlc of air, usually § cc., i5 dawn

through a small noxzle and directed in the form of a jet onto a glass
plate coated with vaseline or microscope jelly. By this means dust

7
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pardcles are deposited on the plare.  With one design of konimeter the
number of parucles of dust are counted with a microscope directly
attached to the instrument; with another type these samples are taken
to the laboratory for counting with an ordinary microscope. The
konimeter takes an instantaneous or grab =mample rather than a con-
tinuous tample a5 taken by the impinger or electncal precipicator. It
1s a rapid method and requires very little sampling skill.  For obtaining
average dust concentrations over a period of time it is necessary to
make a szries of konimeter determunarions and average the results.

Whert i35 an electrical precipitetor?

It's a device by which air is drawn at a definite rate of flow through a
high voltage electrical field so arranged as to cause any dust to be re-
moved and deposited on 2 foll or paper. The dust collected can be
determined either by counting the number of particles with 2 micro-
scope or by weighing. It is an efficient method but requires a source
of electrical energy.  As with the impinger, the electrical predpitator
collects the dust continucusly from a compacatively large volume of air
and thus provides a sumplé that represents avarage conditions. It may
even be used to collect a sample that is large enough for chemical
analysis.

How can exposure be determined?

Since exposure is a term that iavolves concentration, particle size,
chemica! compasition, and duration of time, it is necessary to determine
all of these m order to properly evalwate the degree and extent of
exposure. The time element requires an accurate job analysis in which
is reccorded the amount of time spent by 2 workman at his various
operations. This record should thea be associated with the dust con-
centration, particlz size, and chemical composition of the dust at each
operation and the average over all daily exposure detarmined.

For Example: .
Summary of Dust Exposure of Leyner Drillers in a Granite Quarry

Average exposure
in millions of
particles per

cubic foot.

Particle brs.
{rullions per
cubic foot}

Hours spent in

Activity each activity

Drilling . comeeeoeeees
Changing drlls._...... - 98
Woatching dnils_..... 8.0
Broaching. ...
Blowing of holes......

8536
23 -
150
4.5
2713

213.4

(=]
[~]
S:Kh)v—lh

Total e 8

1155.2

1155.2 particle hours in mmilions per cubic foor

144.3 oullion particles per

Table from U. S. Public Health Bulletin 217 by Bloomfield and Dallavalle.

3 he. cubic foot, Average expos-

ure throughour the day.
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What is a respirator?

Any personal protcctive device designed to prevent the wearer from
imhaling the harmful constituents 1n s surrounding atmosphere is
called 2 respirator. .

What is a supplied-air or air-line respirator?

It is essennally a hose line through which air that s safe to breathe is
conveyed o a facepiece worn by the workman. The air may be sup-
plied from the compressed air line although preferably it should come
from a separate blower unit designed to furnish air free from distasteful
or harmful impurites,

What harmful er objectionable constituents might ba present in
high pressure air as produced by am ordinary reciprocaling
type of compressor?

Air from this source may contain oit odors, mists of cil or water,
particles of rust or dirt from the air receiver or air lines, and in case
of improper compressor operation there may be burning of the lubr-
cants with the formanon of carbon monoxide.

What precautions skould be taken to lessen the donger from air
contamination in the use of reciprocating type of oir compres-
sors?

Good maintenance and care in opzration of the compressor, tempera-
ture indicators on the outlet sids of compressor, and carbon monoxide
detecting equipment or carbon monoxide alarms on the outlet side o
gwe indication of the presence of any carbon monoxide. Individual
COmPpTesSor units 50 constructed as to make generation of harmful gases
imposaible are desirable sources of clean air for air-line respirators.
The M.S.A. Clean Air Blower is designed to fill this need.

What is a chemical fiter respirator?

It is 2 respirator designed for remecving gasecous constituents from the
air breathed. The filtering matenals in these respirators are usually
granules that react with the harmful constituents and remove them.,

What is a mechkanical filter respirator?

A mechanical filter respirator is a device that removes by mechanical
flrration the particles of harmful constitusnts from air that passes
through ic. Thesz devices include dust, mist, and fume respimators.
Each of these types of mechanical filter respirators is designed to protect
the wearer against the particular kind of matter to be dealt with.

What is a United States Burecu of Mines “approved™ mechani-
cod filter respirator?

It is a respirator that has oficially passzd the nigid test requivements of
the United States Burzau of Mines as outlined in that Bureau’s Ap-
proval Schedule No. 21. :

What is United States Bureau of Mines schedule No. 212

It is a publication that describes the requirements and tests that a
respirator must mzet in order to obtain the approval of the Bureau of

9
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Mines. Free copics of this publicadon may be obtained upon request
from the United States Bureau of Mines, Washington, D. C.

§2. Q. For what types of mechanical flter respirators does the Bureaun

S3.

4

A,

of Mines schedule No. 21 provide gpproval requirements?

Schegdule No. 21 provides approvel requirements for mechanical Alter
respirators for protection against mechanically generated dusts (known
as Type A respirator); fumes of vanous metals (Type B): and mists
such as those from chromic acid and from spray coatng in the absence
of harmful vapors and gases (Type C). Combinations of these types
may also be approved

Who males the approval tests?

The Bureau of Mines makes the tests at its Picsburgh Experiment
Station where experienced personnel and complete {aboratory facilities
for dust investigations are available.

‘What «re the general performancs requiremonts that @ mechem-
ical flter dust respirator must give in order to obtain the ap-
proval of the Buremu of Mines?
The general fearures of the performance requirements are:
|—~Dust-tight fit of the facepiece.
2—Reduction of dust in the inhaled air below an amount that
causes harm.
3—A resistance to breathing that is below that which produces
discomfort.
$—A satisfactory degree of convenience, durability, and service.

10

SC 030770



T M TV YT TR

55. Q.

6. Q.
A.
57. Q.
A.

What is the size of the dust particles used by the Unitad States
Bureau of Mines in the approval tests of respirators?

The dust parmcles used 0 the tests are 9372 below 1.78 microns and
50¢e below 06 mucron. These size charactenstcs are very similar
those found in the atmospheres of mines and ndustnial plants.

What severe dust Hitering and resistance performance must a
tmechamical filter dust respirator give to pass the approval test?
Atr that contamas fifty medligrams per cubic meter (approximately 300
to 500 mullion particles per cubic foor) of dust of the small size
specified by the Bureau of Mines 15 dzawn through the respirator ar
a rate of 32 liters a minut2, or at approximataly the rate at which air
15 hreathed by an average man doing work. The total amount of dust
thar leaks through the respirator i a 99 minute test period during
which 2.88 cubic meters or 100 cubic feet of air arz passed must nor
exceed 3.0 mullgrams or 0.000! cunces. The resistance w inhalation
when tested with air Bowing through the respirator at 85 liters a
minute must at no ume oxeeed 2 inches of waier column. This resis
tance 15 below that which causes discomfort.

Are the Bureau of Mines cpprovad requirements unnecessarily
exacting and impractical?

No. The approval requurements in scheduls No. 21 represent the fini-
mum protection that a respirator should give in order to protect the
wearer adequately.

11
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60.

B1.

62.
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Q.

What are the most important features of a respirater?
I—Adequate respiratory protection.

2—Comfort and convenicnee.

3—Ease and cost of maintenance.

What is the Comfo Respirator?

Ir is a pacticular type of respirator manufactured by the Mine Safery
Appliances Company that is approved by the U. S. Bureau of Mines,
It was the first respirator to pass this Bureau’s approval tests. It has
filters of specially treated cellulose for removing the dusts of very small
size that are preseat in industnal atmospheres. The 6leers are pro-
tected from damage or contamination by a metal covering and are
attached to both sides of an all rubber facepiece. It has a large filtering
area and low resstance o breathing.

How does the Comfo Respirator meet the requirements for
adequate respiratory protection?

The protection afforded by the Comfo Respirator is certifed by the
United States Bureau of Mines approval which it carries as a resule
of - having successfully passed the approval tests against dusts of a
particle size 95% of which are less than 1.78 microns and 509 less
than 0.60 microns. This is the range of particle sizes nsually found
for minc and industrial dusts,

What is meant by the effidency of a respiratorr and what test
facts concerning efficdency must be Jmown to delermine i o
respirator gives adequate protection?
The chidency of a respirator is the percentage of the dust in the air
that is retained on the alter. At least three very important facts should
be known in order to determine if a respirator, that has a regorted high
efficiency, also gives adequate protection: _
{~-The dust concentration used in determining the efficiency figure,
2—That the particle size of the dust used in determining the eficicn-
cy represents the size of the dusts found in industrial atmospheres.
3—That the percentage inefficiency, or the amount of dust that
leaks through, does not exceed that which is safe to breathe.

How does variation in particle size effect the relighility of an
efficiency value of a respirator?
The swmtement that a respirator is 98% effident means little if the

particle size range of the dust tested is not given because the difficulty

in removing dust increases as the particle size derwses zo that duets
below L to 2 microns are much morz difficult to remove than the larger
sizes, yet it is particles below 1 to 2 microns that predominate in in-
dustrial and mine atmospheres and produce the harmful offccs. A
respirator which would not cfectively remove dust below 2 miczeons
could be 98% efficient provided the test was made against congentra-
tions that contain only a small amount of particles below 2 microns
in size.

o
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63. Q.
A.
84. Q.
A
85. Q.
A
85. Q.
A.

How is the reliability of an elficiency value as o measure of dust
protection affected by the concentration of dust in the «ir?

A respurator may have high percentge eficency and snll laak envugh
dust through the Slter to cause harm.  For example. a respirazor thar s
976 cffizzane agains 2 concenzranon of 700 milbion par:les of dust
per cubic foox of ar (@ not unusual case) would kax 15 mullion
particles which 13 more than 15 considered 3 permizaible amount of dust
with 2 hagh silica content in the air breathed.  The Bureaw of Mines
approval 1 given only to resgirators that do not leak enough dust to
bring the dust 1n the uir breathed above permussible limits.

What is meant by comiort and convenience?

The following faczors arc elements of comfort and convenzence:
1—Rusistance to breathing
3—Degree of impediment and encumbrance to vison and normal

performance of work.

Should comiort amd protaction be cansidered separately?

No. Any acceptable respumtor must give both adequare protecnion

and an acceprable dagree of comfort.

How daes the Comio Hespiratar meet the comfort requirement?

The comfort of the Comfo Rezpirator is assured by its low breathing
resistance, light weight, and lack of encumbrance to the wearer's
vision and movement.

Q= N

iy -,rs_
BRI

M.S.A. Comfo Respwator worv by worker in cerimee plant

15
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87.

68.

69,

70.

71.

72.

73.

What is meant by cost of maintenance?

The cost of mantenance 1s the expense involved in keeping the respra-
tor in an efficent, comfortable, and clzan working condition. Low
cost of replacement of fiters 15 an impartane element in this expanse.

How does the Comfo Bespirator meet the low maintenance cast
requirements?

The low maintenance cost of the Comfc Respirator is given by the
low cost of the replaceable filters and the short time required for
replacement.

What is mewnt by exse of maintenance?
By ease of mamnwenance is meant the ease with which a dust laden
reSpirator can be restored 1o 1ts imnal high degree of cficency and
comfort through:

1—Servicing. )

2—Replacement of flters.

3——Scerilization.
How does the Comio Respirator meet this zequirement for ease
of maintenance?
The low cost of Comfo Respirator filters permits discarding of the dust
laden &lter and replacement with new lters, This avoids the deaning
of filters and provides a new and dlean filter with the inicial higk
dzgree of protection and comfort.

How can respirators he stenlized?

Serub rubber and meral pars with soap and water. Rinse @n warm
water and immerse for 10 minutes in a sulution of formalin made by
placing one part of 40% formaldshyde solurion into 9 parts of water.
Instead of the formalin soludon, 1 part of carbolic acid in 33 parts of
warer, or 1 part of Lysol in 50 parts of water, or 3 parts of denatured
alcohol in 3 parts of water may be used.

All respirators ahould be thoroughly rinsed with water immediately
after immersion in the stertlizing solution and pur in a clean place
to dry.

How does the Comio Hespirator permil easy and thorough steril-
ization and cleaning of all parts?

Owing to the low cost of flters, these parts can be discarded and the
entire remaining part of the respirator thoroughly washed and ster-
lized. After replacement of new filters the respirator is in its original
clean and efficient condition, This permits daily sterilizacon of all
parss and avoids the growth of bacteria and danger of contamination
from parts that cannot be completely sterilized.

How does the Comlfo Respirator meet the requirements of indus-
tries for respiratory protection?

The Comfo Respirator is cerufied by che Unsted States Buraav of
Mines Approval as giving adequate respiratory protection; it is come
fortable and convenient; it is canly maintained and the cost of flter
replacement is low,

14
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Equipment for Protection from Dusts
Manufactured by
Mine Safery Appliances Company

M.S.A. COMFO RESPIRATOR

The M.S.A. Comfo Du=: and Mlisc Respira-
tor 15 & mechanical Blter sy¥pe respirator that
oas developed to prorect workmen from
breathing dust such 23 olica, coal, iron,
asbestos, and ather um:iis 2ir armed par-
ucles of the very smail #1225 fouzd mn indus
tral atmospheres. [t wall alio protast agunst
the harmful liguid mst preduced ia chromium
plating and the mixr of vireous emamels. This
cespirator has betn officaaily approved by the
U. S, Burcau of Mizes, Asproval No, 2181,

The MS.A. Comfo Lezd Duse Respicator
i identical in design with the Dust and Mist
Respiratar  except the czilulose Slters are
specially troated for flternizg out lead dusts of
small particle saizes. It i offically approved
bty the U. S. Bureau of Mines, Appraval
Ne. 1107,

M.S.A. AIR LINE RESPIRATOR

The M5 A. Ar Line Raspirator provides
protectson  from gases, vepors. dusts, and
fumes by providing the wearer with an ade-
quate supply of ajr for breathing require-
ments. Both che M.S.A. Air Linz Respirator
and the MS.A, Abasive Muw {shown
Bm) kave free-wheelizg contrel valves to
tnsure against acadental bumpizg and chang-
ing of 2ir Bow, 20d 3 quick relezsz connecnon
in case the air supply falls or betomes un-
usable for any reason.

3
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The M5 A Abrsve Mask s a light, comiormble. fresh aw supphed unm dnuigned foe
respsatory protection lrom the hugh conceatranons of &nz dust produczd by abrasive
slazung with sand or shot, and for protesuion of the head and shoolders from smpact and
atrasion by the high velooty rebounding particles. [t gives protection from dusts, fumes,
gases, and vapars.

M.S.A. CLEAN AIR BLOWER

<

The M5 A. Clean Arr Blower 15 specnaily designed for supplymy i that is oool, cean,
humidifed, and free from obnoxious or harminl zaws lo ur hne respraten, sand blase
hoods. and helmets. It is a rotary trpe In which water 1o used 33 3 compressur seal,
coohng medium, humd:ifer, awr washer, 3nd dust remover. There 15 no snternal lubsication
and no contact of the air wath o, grese, or contamINIUNg 3Zents.
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Foreword
Y

THER.‘E 15 an increasingly wide and intense interest in
harmful effects of breathing dusts, espedally those that
contain free silica and cause the disease of the lungs known
as siticoms. Interest has been further snmulated by the
work of Federal agendes and States in industrial hygiene,
and by legislation that provides compensation for injury
to health. As a result many persons in industry who are
responstble  for healthy worcking conditions have been
confronted with the need of hecoming acquainted with
dust discases, nature of dust, its composition, size of
particles, and the amount that is harmful, and the means
for preventing exposure and protecting workmen. Much
has been said and published on these subjects, but it
has been presented in terminology and language of s

specialized, technical, and scientific nature that is either |

meaningless to most persons or creates @ 2ood deal of
misunderstanding.  Also, considerahle confusion has arisen
from the conflicting opintons and views that have been
widaly expressed.

In this booklet it 1s endeavored to present somz of the
questions that arise continually regarding the sature and
effects of dusts, und to answer these questions in simple
and insofar as possible non-techmeal language.
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Concerning Dusts

What axe the usual classifications of air-carried particles?
Aur-carried particles are usually classified mto three groups:
{—Drusts
2—Fumes
3—Mists

What are dusats?

Dusts are mechanically generated particles resulting from such opexa-
tions as dnlling, blasung, crushing, and handling of rocks and sunerals;
sand-blasting; stone and granite cutting; grinding and polishing; and
all similar operations and processes. The greater percentage of parricles
of air carned dusts are below one micron tn size with an average be-
tween 0.5-0.7 microns.

What is a micran?

A rucron is a unit of measurement, one m:cron being equal to about
1/25,000 of an inch or in other words it would require 25,000 particles
each one micron in size laid and  end to measure one inch.

What is the smailest particle that can be seen by the noked eye?

The smallest particle vistble to a person with average eyesight is about
100 microns in dimension. This is 1/250 of an inch.

How does this compare with the size of the average particle
found in air-born industrial dusts?

This is one hundred and fifty to two hundred times the size of the
average particle found in industrial atmospheres. In other words, the
particles of dust of significance from the standpoint of health are only
a small fracton of the site that is visible to the naked eye.

What renge of particle sizes is importam?

The particles below § microns are of most importance as dusts of latger
size settle out of the air very quickly and are not likely to be breathed
In general the particles of dust found in industry are below one or two
microns with as much as 50% below D.5 or 0.7 micron. Under some
condinons the size may be larger or smaller than this general aize range.

What are fumes?’

Fumes are particles produced in chemical and mezallurgical processes,
welding, and similar operations, or by the decomposition of chemacals
by heat and combustion. The average partizle size 15 less than that of
dusts Most fumes have an average particle size of 0.2-0.3 microns.
The important harmful fumes are usually che fumes of metals or their
compounds such 2s lead oxide, zinc okide, ardd cadmwm oxide. Owing
to their small particle size, fumes are even tnore difficult to remove by
flters than are mechanically generated dusty

2
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MICRONS

SILICEQUS DUST FROM MINE AIR
Magnificd 100 tmes

The dust particles and dots shown in ths sdlwstration are magmfied 10C tomes their
actual sige. If they were not magmfied to this extant 1l of the parncles and dows would
be mnuvuable Even the lurgest ar 10 mucron aze would be only onc-tenth that whch
could he seem with the ncked ecye and the sverage particle would be less than ome-
hundredeh the visible size. Ths sllustrates that the smallest parucle thar con be scen with
the nuked eye s about {00 microns i dimension and thae all air carmed dust 1t 1nvasshle.

8 Q.
A.
9. Q.
A
18. Q.
A.

What are mists? )

Mists are particles of liquids ar mixtures of liquids and solids; in other
words, wet particles. Their size depends upon the process by which
they were generated.  Good examples of mists are: the so-called “fogs™
produced mn spray coating with matznals such as siliceous glazes ar

pamts that contain lead, and the chromic acid mist produced during.

chromium plating.

What dusts are dangerops?

The effect of many industrial dusts on health 15 not known as yet sine
the physiological reactions of most dusts do not appear for some years,
and the use of many dust producing compounds is relatively new.
Most guthorities agree that most dusts are harmful in some degree
1t breathed in sufficient concentration over a period of time. The safe
course 15 to eliminate all dust down to the limits that are considered
goud engmeenng practice in dust concral,

How are dusts classified in relotion to their effocts on health?
Dusts are usually classified into three groups:

1—Toxic or poisonous dusts.

YNgisance dusts.
3—Fibrosis- producing dusts.
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18.
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What is a texic dust?
A toxc dust is usually considered to be the dust of a poisonous ma-
teral, such as lead and arsenic or their compounds, that produces injury
to organs such as the circulatory system, heart, Lver, kidneys, brin,
and nervous syscem. When 2 poisonous dust is inhaled and deposited
in the lungs, it dissolves and is carned by the blood w 21l organs and
tssues. It may also be deposited 1a the mouth and throat by inhalanon
or contamination with dirty hands, and later swallowed and enters
the body through the digesave tract.

What ig a nuisance dust?

A nuisance dust is one that is often associated with an increase in
respiratory diszases (such as, colds in the head, bronchitis, pneumonia,
and tuberculosis). Many such dusts are discomforting and irritating

. to the worker and may be harmful. They do not produce toxic effeces

or form fibrous tmssue in the lungs.

What is a fibrosis-producing dust?

It is one that rhrough its action n the lungs causes a disease of the
normal lung tissue and a replacement of this vital tissue with fbrous
(scar) tissuz.

What is pneumaceniosis?
It 15 a term applied t any lung disease arising from inhaladon of dust.

What is silicosis?
It 1s a disease of the lungs in which the normal lung tissue is replaced

by Bbrous (scar) tissue due to breathing air that contans free silica
dust (silicon dioxide, SiOz).

Caon silicosis be produced by any substance other than free
silica?

Silicosss is a specific disease caused only by breathing free silica.  How-
ever, there are indications that the presence of other kuinds of dust and
gases may influence the effect of silica in the lung.

What is miners’ pthisis?

It is a term used frequently to designate a condinon of silicosis com-
plicated by the presence of tuberculoss.

What is anthraco-silicosis (miner's asthma)?

It 15 2 chronic disease of the lungs in which the nomnal lung tissue is
replaced by scar tissue caused by breathing excessive amounts of a
mixture of sifica dust along with coal dust.

Wkat is ushestosis?

It is a disease of the lungs in which the normal lung tissue is replaced
by fibrous (scar) tissue due to breathing air that contains asbestos dust.

4
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What are the principal factors in determining the bealth hazerd
from air-carried dust?

The following factors are usually important:

1—Chemical composition of the duse.

2——Amount of dust in che air.

3—S1ze of the dust parucles.

4—Length of time of exposure.

What is meant by chemical compeosition of a dust?

All materials such as rocks and minerals are not what might be termed
pure chemical compounds, but are mixtures of scveral chemical com-
pounds. The chemical composition s the kind and amounts of these var-
tous components. In the case of silica-bearing substances, the amount of
silica. present may vary from almost nothing to 100%. The amount
of free silica present s obvicusly the important factor in the silicosis
producing properties of a dust.

Is the chemical composition of the dust in the air the same as the:

subsiance that is being drilled. handled, crushed, or processed?
As most dust produding substances dealt with in industry contain more
than one mineral component, some of these componznts will crush or
disintegrate more easily than ochers and thereby form 2 larger pro-
portion of small particles. These smaller particles will tend w pre-
dominate tn the air while other constituents being larger will szttle out.
For this reason, the composition of the dust in the air may vary greatly
from the compostton of the rock or mineral

What is tha importance of the chemical composition of ¢ dust?
The chemical composition reveals the harmful consttuents and their
amount, 2nd constitutes the basis for judging the harmful qualities of
the dust. This information is an important factor along with con-
centration and time of exposure in determining the hazard.

Whot are the importem? steps in delermining the chemical com-
position of a dust?

It is necescary to first obtain a sample that represents the dust in the
air breathed, and then subject the sample to methods of analysis that
arz known to give accurate results for the constitoents desired.

How can a representative sample of the dust in the air breathed
be obtained?

It can be obtained only by collecting the dust from the air. Samples
of pieces of rock or settled dust do not necessanly bear any close re-
lation in composition to the dust foating in the air.

How com o sample of sufficient size for chemical analysis be
collected from the aofr?

Callection from the air can be accomplished wath dust collection devices
such as the impinger, electrostatw precipitator or filter type of collectors.
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What mothods are generally used for determination of the

percent of free silica in dusts?

1—By observing the action of the small dust particles on light with
the aid of a speaal type of microscope. This 13 known ae the
petrographic method.

2By chemical analysis.

3—By observing the action of the particles on X-Rays.

What are the Imitations of the petrographic method?

It is impossible by this method to examine individual particles below
one or two microns in size and snce most of the air-carried dust 15
below this size range, one must rely on petrographic information
obtzined from particle sizes that are ahove those of primary significance.

What are the limitations of the chemical method?

There is no known chemical methnd that is specific for free silica
(SiOz) when this constiruent 15 present wath silicates. However, by
observing the difference in the rate at which silica dissolves :n certain
acids as compared with other constituents a rough estumate can be
vbtained for some dusts, but with others the method will be greatly
in error.

What are the limitghions of the X-Ray method?

The X-Ray procedure can be used for making speafic determmations
of free silica in a very small sample such as 25 to 50 mdligrams. The
disadvantage of the method is that it requures very expensive ap-
paratus.

What is maant by size of particle; how is it expressed?

The size of the particle is its largest dimension, usually expressed in
mtcrons. It has been stated by authonties that if all dust below one
micron in size could be eliminared, nearly all dust disease would be
eliminated.

How can the size of dust particles be determined?

The sizz of dust particles 1s measured by meuns of a microscope or by
projection of the dust particles on a screen simular in general principle
to ocdwnary lantern slide projection. The particles as seen m the
micruscope or projected are then mensured.

How quickly does fina dust seftle?
It settles very stowly. [In the table given below will be found the ume
in minutes csumated for silica dust of given sizes to fall one fout

st arr.
Time in minutes to

Size in microns fall one foot
A 590
A 187.
i 14,
2 14.4
5 23
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Does absence of visible dust meen absence of Sine dust?

No. The operanon may produce only fine dust or the vishle dust may
have disappeared owing to 1ts rapid rate of setthng, leaving the inwisble
but harmful dust in the ar.

What is meant by dust concentration: how is it expressed?

The concentration is the amount of dust suspended 1n a given volume
of air. It is usually expressed in number of particles in a cubic foor
of air, or millions of particles 1n a cubic meter of air, or in a cubic
cenumeter. It may also be expressed as the weight of dust in a given
volume of air as milligrams in 2 cubic meter or grains in 2 cubic foor.

Whet is the relation among these units of quentity?

Number of cubsc feet times .02832 gives number of cubic meters (m*)

Number of cubic meters times 37.31 gives number of cubic feet.

Number of cubic feet times 28.317 gives number of cubic centi-
meters (cc.)

Number of milligrams times .001 gives number of grams.

Number of grams times 64.80 gives number of milligrams.

Number of grains times .00229 gives ounces (avoirdupois)

How con the cancentration in particles per cubic centimeter be
converted to number of particles per cubic foot?

Multiply the number of particles per cubic centimeter by 2 million
and divide by 35.31 to get number of particles per cubic foot.

How many particles of air-carried dust are in one milligram
weight of dust?

It has beenn found that one mulligram of silica dust of the size range
present in industrial atmospheres contains about 200 to 300 million
particles,

What apparatus and methods are generally used for determin-
ing dust concentrations?

The impinger and electrostatic preciprtator are the instruments general-
ly used for this purpese. Details of the instrumrents and methods can
he found tn publications of the United States Bureau of Mines and
the United States Public Health Service.

What is an impinger? ) )

It is a device by which air 1= drawn at a definite rate of flow and at
high velocity through a small nozzle so directed as to stnke the bottom
of a glass flask which is partially filled with 2 hqud such as water,
alcohol, or a mixture of these liquds. This high velocity action causes
the dust particles to be “wetted” and retained in the ligud  Some
of this iquid is then examined under 2 microscope and a count of the
dust parucles present 15 made.
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41. Q. What is an elecirostatic precipitator?

A. It's a device by whuch ur ts drawn ag 2 definns rete of How through 2
high voltage electncal Beld so arranged a5 to vause any dust to be e
moved and deposited tn a samphng tube. The dust collceted can be
determined exther by counting the number of particles wath a micror
scope or by weighmg It 15 an effizient method but requices a source
of electrical energy As wath the impinger, the clectrostane preaipitaior
sollects the dust continuously From a comparanvely large volume of air
and thus provides a sample that represants average condmons. It may
even be used to collect a sample that ss large enough for chemical
analyss.

§2. Q. How can exposure be determined?

A. Since exposure 15 a term thar involves coacentration, pacticle s=c,
chemcal composion, and duration ~f ume, it 1§ neesssary to determine
all of these w order to properly evaluate che devree and exvent of
exposure.  The time element requices 2n accurate job analysts in which
1s recorded the amount of tsme spent by a workman at s vanous
operations.  This record should, then be assucatad with the dugt con-
ceatration, parucle size, and chemical composinon of the dust at each
opcration and the average over all daily exposure determuned.

For Example:
Summary of Dust Exposure of Leyner Drillers in a Granue Quarry

Average exposure
in wilions of ~ Hours spent in  Particle hrs.

Activity particles per each achwity {millions per
cubic foot. cubic foot)

213.4 4 853.6
9.8 i 9.8
8.0 2 160
6.0 Y4 4.3
! Blowing off holes. ... 1085.0 Va 2713
Total. .ceremecienns 8 1155.2

1155 2 parucle hours in mllions per cubic foor 144.4 million particles per
8 I cubic foot, Average expos-
r ure throughout the day.

-

Tabie from U. 5. Public Health Bulletin 217 by Bloomfield and Dallavalke

43. Q. What is « respirator?
! A. Any personal protective device destgned to prevent the wearer from
inhaling the harmful” consutucnts 1 his surrounding atmosphere s
called a respirator.
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How are the various types of respiratars usually classified?
Resparaturs are classfied as follows:

1. Aur-supplred respirztors.

2. Chemical filter respirators

3. Mechanical filter resprrators.

o

45, What is a supplied-«ir or «ir-line respirator?

It 1s essenutally & hose line thmuygh which air that s safe to breathe s
conveyed to « faceprecc worn hy the workman  Asr-line cespirators are
appraved hy the United States Bureau of Mines under schedule No. 19
The air may be supphed from the compressed ar ine although pre-
ferably 1t should come from a separate blower umit designed to furnish
air free from distasteful or harmful smpunties.

O

45. Q. What harmiul or objectionable constituents might be present in
high pressure air as produced by an mdinary reciprocating
type of compressar?

A. Air from this source may cuntatn ol odors, mists of nil or water,
particles of rust or dsre from the ae recerver or air Ynes, and in case
of \mpraper compressor operation ‘there may be burninz of the lubn-
cants wich the formauon of carbon monoxide.

47. Q. What precautions should be taken to lessen the danger from air
contamination in the use of reciprocating type of air compres-
sora?

A. Good maintenance and care in opezranan of the compressor, tempera-
ture indicatars on the outlet sidz of compressor, and carbon monaxide
detecting equipment or carbon monoxide alerms on the outlet side to
give indication of the presence of any carbon monoxide. [Individual
compressor units so constructed 25 to make generation of harmful gases
impussible are desirable sources of clean wr for air-line respirators.

48, Q. Whda! is an cbrasive mask?

A. An abrasive mask is essentially an air line respirator wath a special hood
for protecthon agamnst hgh velocity particles 1n sand or shat blasting
operations.

49. What is a chemical filter respirator?

It is 3 respirator designed for removing gaseous consutusnts from the
arr breathed.  The filtering matenals in these resptrators are wsually
granules that react with the harmful constituents and remove them.
Chemical filter respirators are approved agunst light concentrations ot
organic vapars under U. S. Bureau of Mincs schedule No. 23.

50. Q. What is o mechamical filler respirator?
A mechanical lter respirator is a device thet removes by mechanical
filtraton the particles of harmful consutuents from wr that passes
through 1t  These devices mclude dust, misz, and fumez respirators.
Each uf these types of mechanical flter respirators is deaigned to protest
the wearcr agawnst the pacticular kind of matter to he dealt with.

>

°9
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55.

- 56.

57.

O

What is @ United States Bureau of Mines “approved” mechani-
cal filter respirator?

It 13 a respiraror that has offimally passed the ngid tost requirements of
the United States Burvau of Mincs as outhned in thar Bureaus Ap
groval Schedule No. 21.

What are United Siotes Bureuu' of Mines schedules No. 19, 21
and 23?

They are publications that descibe the requirements and tests that
respirators must meet 1n order to ohtain the approval of the Bureau of
Mines. Free copies of these publications may be obtained upon request
from the Unmed States Bureau of Mines, Washington, D. C

Who makes the approval tests?
The Bureau of Mings makes the tesss at its Pittsburgh Expenment
Statin where experwenced personact and complete laboratory faclities
for dust mvestganons arz avalable.

For what types of mechanical filter respiralors does the Bureau
of Mines schedule No. 2] provide approval requiraments?

Schedule No, 21 provides approval requirements for mechamcal filter
cesprrators for pratection agunst mechamcally generated dusts; fumes
of vanous metals, and musts such us those from chromic acid and from
spray coating in the abscnce of harmful vapors and gases. Combi-
nations of chese types may alsu he approved.

What are the generad performance requirements that o mechan-
ical filter dust respirator must give in order to obiain the ap-
proval of the Bureou of Mines?
The general features of the performance reytirements are:
I—Dust-tght fit of the faceprece.
2 — Reduction of dust in the inhaled air below an amount that
causcs harm.
I -A resstance o hreathing that s helow that which produces
discomfort.
4--A sadsfacrory degree of convestiance, durability, and sexvice.

Whaot is th size of the dust particles used by the United Stetes
Burecu of Mines in the approval tests of mechanical Elter
respirators?

The dust particles used in the tests are 97% helow 1.78 mucrons and
$07¢ helow 06 micron.. These size characteristics are very similar to
thoss found m the atmospheres of mines and industrial plants,

What severe dust fillering and resistance performance must «
mechanical filter dust respirator give to pass the appraval test?

Air that contuns ffty muiligrams per cubic meter (approximately 300

to 500 mullon particles per cubtc foor) of dust ot the small size
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58; Q.

A
59. Q.
a.
80. Q.

6l. Q.

spesified by the Buresu of Mines s drawn through the respirazor ac
A rate of 32 liters 2 minute, or at approxamately the rate at which arr
15 breathed by an average man domg work. The total amount of Just
thac leaks through che resprator 1n 2 90 minute test peniod dunny
which 2.88 cubic meters or 100 cubic fect of ur are passed must not
exceed 3.0 milligrams or 0.0001 ounces, The resistance to inhalavon
when tested with air flowing through the respirator at 85 heers a
mintte must 2t no tume exceed 2 inches of water column. Thes resis-
tance 15 below that which causes discomfort. :

Are the Bureau of Mines approval requirements unnecessaxily
exacting end impractical?

No The approval requirements represent the mimmum protecuon
that a resprrator should gwve in order to protect the wearer adequately

What are the most important features of a respiratar?
1-~Adequate respiratory protection

2—Cemfort and conventence,

3—FEase and cost of mamrenance.

What is meont by the effidency of a respirator; and what test
facts concemning efficiency must be known to determine il a

‘respirator gives cdequate protection?

The efficiency of a respirator is the percentage of the dust in the ar
that 1s retamned on the filter. At least three very important facts should
be known in order to determune if a resprcator, that hus a reported huyh
eficiency, zlso pves adequate protection:

t—The dust concentration used in determuning the efficiency figure.

2—That the particle size of the dust used in determuing the clicen:
cy rcpresents the size of the dusts found i industnal atmaspheres

3—That the percentage mefficiency, or the amount of dust that
leaks through, does not exceed that which 15 safe to breathe

How does variation in particle size effect the reliability of an
efliciency value of o respirator?

The statement that a respirater 15 98% efhcient means hule of the
particle siz¢ range of the dust tested 15 nnt given because the difficuley
in removing dust increases as the particle size decreasss so that dusis
below 1 @ ? microns are much more difficule to remove than the larger
sizes, yet 1t 15 particks below 1 to 2 mucrons that predominatc in 1n
dustrial and mune atmospheres and produce the harmful effect: A
respirator which would not effectively remove dust below 2 microns
could be 98% eificient provided the test was made agamnst concentra-
tions that contamn only a small amount of parucles below 2 micruns

n auze.
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66,
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A.

e

>

Q

How is the reliability of an elficiency value as a measiure of dust
prateciion affecied by the concentration of dust in the air?

A respuator mey have high percentage eficwency and sull leak enough
dust through the filter to cause harm. For example, a respirator chat 15
975 eficient against a concemranon of 300 mullion particles of dust
per cubic foor of air (a not unusual cax) would leak 15 gulkon
particles which 15 more than is consdvred a permussible amount of duse
with 2 high silica content i the air hreathed The Burecau of Mines
approval 1 given only to respwrators that do not leak enough dus: w
bnng the dust in the au breathed above permissible hmuts.

What is mecnt by comtort and convenience?
The following factors are elements of comfort and convemence:
I—Resistance to breathing.

27— Degree of mpediment and encumbrance tn vision ‘and normal
pecformance of work.

Should comdort and protection be considered separately?

Ne Any acceptable respirator must give hosh adequate protzction
and an acceptable degree of comfort,

What is meant by cost of maintenance?

The cost of maintenance is the expense involved in keeping the respura-
wre in an eficeat, comfortable, and clean working condition. Low
cost of replacement of filters is ar important element in this expensz.

What is meant by ease of maintenance?

By casc of masntenance is meant the ease wirth which a duse laden
respirator can be restored to its initial high degree af efficiency and
comfort through:

1—Servicing.
3—Replacement of filters.
3—Sterilization.

How com respiraiors be sterilized?

Scrubr rubber and metal parts with soap und water.  Rinse i wam
water and immerse for 10 minutes in 2 solution of formalin made by
placing onc part of 40% formaldehyde soludon into 9 pares of water.
Instead of the formalin solution, I part of carbolic acid 1n 33 parts of
water, or | part of Lysol m 50 parts of water, or 8 parts of denatured
alcohol 1 3 parts of water may be tsed. .

All respirators should be thoroughly nnsed with water immediately
after smmersion in the stenficing soluvon and put in a clean place
to dry.
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Mechanical Filter Respirators
For Protection from Dusts, Mists and Fumes
Manufactured by
Mine Safety Apphances Company
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Air Line Respirator Equipment
Manufuctured by

Mine sufety Appliances Company
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Air Sumpling Equipment for Dusts, Mists and Fumes
Manufactured by

Mine Safery Appliances Company

MS.A. MIDGET IMPINGER

M.S.A. ELECTROSTATIC
Dust 20d Fume Sampler

The M.S A Midger Irpinger samples at
a rate of onetenth of 2 cub-: foot per munuze
and s operated by a hand cranked, positrve-
acung 4 cylinder pump of sngenwus denign
This pump. in conjunctior. with a vacuum
regulator, manmins an unfuctuating suction
regardless of minor variations in the rare or
smoothness of cranking  The apparatus »
contained 10 a compace, scerdy carrying case
complete with mine calibrated glass ~amphng
tubres

The hght weight, small dimenuuns, und
almust effortdess uperamwa of this mudern
mstrument greatly brouden che icld ot duw
samphing by the impirger method  Lsulated
locations, confined space-, lack af electric cur-
rent or cuinpressed air preseatt no haroers
the MS5.A Mdger Impinger,

This nstrument. desigoed for quanttative
<ampling of dust, fume, and mist, employs the
prnnaple of pracamauon with electrostatic
preciptation . The unit 3 compact and easy
w we fur sampling from che generat atmus-
phere ur frum  achs or dicts, st » the unly
eficent sampler tor fumes partcularly ead
funres

Other features are lurge wmpling volume
ol 2 cu {1 per minute permittng accurate
detearminztions of rery luw concentrations of
atmospherie particulate mawer; flow measure
wenr with unfice and meozameal manumeter
—no liquids to spilk: exiensmon tube for
«ampling at breathieg level with apparatus on
the fBour; and collecion of samples in a
<pecaal aluminum tube permtuing determuna-
nisns by weight, count or chemical analyss

This prewipitator operates on §110-120 voles,
60 cycle, altermating current. Case dimen
auns are 16 © 184 © Jub 4 anches.

16 ..
Priotad in U S.A.
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