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Safety. Equipment
WEDNESDAY AFTERNOON. SESSION : o
T . i October 16,:1935 P S :

The session was called. to ofder by Chaxrman, Irwin W, Millard,. presnden
" Industrial Gloves Corporation, Danville;ll, Chairman Millard mentnoned some of
“ the problems of provxdmg adeguate safefi eqmpment for mdustry .

RespxratoryﬂProtectwe Devices " :'=~ : :
(An mterpretatlon of the U, S Bureau of Mines, Schedule 21)
Lo '_ ", . By CARLTQN E. BROWN, Chemist, and .~
ol WILLIAM P. YANT, Supervising Chemilt . . o
- Gas Sectlon, Plttlburgh Experiment Station, P!ttlburgh, Pa- . .- - e

The respiratory protectlve devices of {ndustrial hy fenic lmportam:e are those = .
A " designed-to protect against’ the:inhalation of harmful solid, gaseous, or quuid atmos- o i
s . pher c contammants, or the inhalation of air deficient in oxygen. :
ﬁ The devices:in common use are the mechanical filter res}nrator (commonly re- L
- feired to ag resgarator) for protection against the inhalation of dusts, smokes, fumes, e
.and mists or what ‘may be referred té collectively as atmospheric particulate matter;
gas masks for protectxon against the inhalation & ses and vapors; o d’:gen reath- -

]
~¢

ing appara‘tus,zhose masks, and air-line respirato protection against the inhalation - = .3
-of any atmosphere provided it does not contaim:Marmful constituent which can'be’ =~ . Z
N absor edireadily through the skin; and the abrasive blasting helmet or hood for pro- - .

" ftection againit the inhalation of and the, impact and abrasion from the atmosphéric

partxcula e matter ‘generated in sand blasting or abrasive blasting- with steel shot, . .

¥ These ‘devices dre designed to furnish protection either by making the wearer's”- . &

iuspired,axr ‘safe to breathe or by supplying the wearer with safe air rom a supply . .

which he carries or from otitside the contaminated zone. L

The weareriof the first or air-purifying type, on inspiration draws air ffom tits Lo
dmmiediate® surroundings "through the device which either removes the confaminapt,” ..

-usually by ¢hemical or mechanicil filtration, or converts it into a harmless substance, >~ .

-This type, .of course, offers no protection against atmospheres deﬁcxent in oxygent as- - :

“ it does not add oxygen to the.air. . »
. « - There are twd types of respiratory protectlve devices of the second type des:gned e

to supply ‘the wearer with safe air. In one, the wearer. recewes his air supply from'a - Y

cylinder’ of compressed oxygen, liquid oxyge, liquid air, or from a chemical which . =~ .- "}

- yields oxygen upon decomposition:  This air supply is part of the seli-contained unit, - C
“all of which is carried by the wearer, In the other type a hose, attached .to a face-

piece, is connected to a compressor or blower whose intake is located i in safe an' An'

" is forced through the hose to the wearer, . g o

i hlti’c))te Publlahed by permlnlon of Dlrector, U. S Burcau ol Mlnes (Not subject to © e "
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’ " There is some confusmn in the use of the ta'm resparator, ’to’ desxgnate devxm .
. for protection against the inhalation of atmospheric ;parhculate ‘matiér. - Such’ devices .

were the first and for a fong time‘were the.only’ respiratory ‘protective devices.. They .
were logically. called ¢ respirators; and as long as they: Were:the: only dévices®of ‘this-
kind there ‘was rio confusion.: The developnient of. other. ‘devices: of. industrial: hyg,temc

.importarice and the development of dévices for. maintaining artificial respiration’ over

Jong periods and for enabling men ‘trapped -in submerged subifiarines.to reach: the sur-*
face safely, all calléd respirators, was .ggponsxble forthe ‘confusion. : The’ Bireau of -

Mines suggests. that the. term. esgirator” be. retzined -for il of these. devices\but .

“that respiratory protective devices of industrial' hygienic: importance’ be

- trial respirators and that- the different kinds of indiistrial respxrators . agsigned a

name which will iridicate their operating principle orfield of use ‘or both.. Satnsﬁc-
tory names in common' use should-be retained.,, On this basis, the Bureau of Mines

. suggests' the following: class:ﬁutmn for’ resp:ratory protectxve devxees .of mdustnal

hygienic m:portance' ;
]

- . - ’

. . . Iudustrial Respirators
1. Supplied-Air Respirators~ - ~ S ’ ~ .. X
a. Self-contained type S
(1) Oxygen bmthmg apparatus® . L 2o T
b. Hose type s . = . - N
(1) Hose mask - . : _ ST
(2) Air-line’ respxrator" : . R

(3) Abrasive blasting respirator® -

2. Air-Purifying. Respirators R R T o~

-a. ‘Chemical filter respirator®: .
(1) Acid gas oftype:A* chemical ﬁlter resplrator N
(2) Organic vapor or. typeB’ chemical filter respu‘ator )
(3) Ammmonia or {ype * chemical- filter respirator
(4) Carbon monoxide of .type D* ch'emml filter fespzrator
b. Mechanical filter- respxrator'
: (1) Dust or type Afimechanical filter respn'ator .
. (2) Fume or type B‘ -mechanical filter respirator . ) .
. £3). Mist or:type C’': ‘mechanical filter respnrator _ e R
c. Chemical and mechamcal filter respxrator‘

Testing,and Approving of Industrlal Respirabors by the U.'s. Bnreau of Mines
Since its organization the U. S. Burean of "Mines has been mterested m industrial .*

-:-; respirators as a means of protecting’ workers. in the mineral industry- against harmfdl -

atmospheric.contaminants. . To this end the Bureat has developed an approval system, -
the purposes of which are: .(1) To encourage and ai ufgctur

ment and marketing ‘of safe and suitable equipment; and (2) to_encourage the con~
sumer to use such equxpment, to aid ‘him in mi'hg it and to instruct him in its
usage. These purposes are accomplished by esmhlxshmg[a schedule of the material and
performance requirements that'a safe ‘and suitable device should meet; making
approval tests for conformance to- such a schedule, and by informing the public. of the

. & Sometimes called mine rescue- bmathing appamtus. o -
¥ Sometimes called paint-spray . respirator or positive pressure respu'ator.
¢ Sometimes called - sand-blast\ helmet or hood.

" 4Comionly calleil-gas mask.

Permissibility, 17 pp.,:
f Commonly called respirator. Sometimes referred to as dust. reapxrabor or mec‘huucal
ﬁlter-type respirator.
7 Latters asszgned ¢ medmmcal filter mspirator filters, See U, S. Bureau of - Mines
Sch Procedure for Testing Filter-Type Dust, Fume, and Mist. Respirators for .

. Pemiss‘bxhty. 14 PP, 1934,
MThe devices now referred as Type N or All_ Servnce Gas Mask and the cbanwnl

cﬁrt dgerespxra.tor allunderthusheadmg
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ers in thé develop- -

N * Letters assigned to canisters of ch ical 6ilf U.S.B f Mines .
_Approval Sched. 14D, Pmcednr:m ° estg? -Gas ﬁr”iesspx;:}ors. See ureau 1835. gk
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Appro‘ schnl : ed for oxygen brea
ﬁlter Tespirators: or- gas masks’ masks® and: mechameal
schedule .Covering . hose. masks. is. bem%

B -air respirators;: namely, air-fine.and a rasxve-blastmg respirators. -.Wh

.'Asib e for the. development of fundament diméntally safe and smtable dev:ces, and the
: txon of confusion.in their selection and nse.

- _after the, device. is approved.’ - Frof the _viewpoint of the consumer the most important :
..of these conoem-labelmg -and-markihg, provision of adegquate instructions. for ‘proper. - -“,-

Interpretaﬁon of U.: S. Bureau of Mines Approval Schedule 28, Prqeeduu)for

.. ‘Breathing Apparatus; Fees, Character -of Tests, ;and* Condition Under whxch Miue

. jmust meet by ‘examination} and test. .. -

" .--tions where better methods:of control. of dust _production and removal were. either;not © - .
.avaxlable‘or practtcal the meﬂicle;lcy of exnstmg mechamcal ﬁlter respxrators, and I ‘~ ‘

on; th'
is' completed, - the :Bureau'of: ‘Mines will have approval. schedules for, all
espirators now in’ comtiton tse. Thie approval system; undoubtedly is la.rgely

.The general plan of the vanous schedules is- sumlar. Ttxe requxrements may be
dmded ‘into 3 partss ..

). Pre-test requu'ements. or. those- w:th whxch ‘the’ manufacturer must comply
before exa.mmaﬁon and- test of -2 device. will .Be undertak " For ~ exam¥
" respirator must.be:ina fully developed form ready for: hlarket and available®:

cliase if approval is granted. - Also, the\‘manufacture; must: be- prepared - to ‘test and
maintain.control of the essent:al charactenstxcs of his’ devnce by a method which meets
'the approval of this Bur&u.

~(2) terxal, oonstructwn, antl pefformance requxrements wlnch the equxpment A

@) - Post-test reqmrements or those thh which the manufachn'er must comply

use of the device; and maintenance of design and quality of the product marketed under . - ™
the: approval As aicheck on tbe,,lgtter, Bureau of Mines. obtains samples:of:the: ~
device, on the open market and subjects them t6” the various mspectlons and: tests® of .

the appropriate schedd e. The Bureau Teserves the right to thhdraw its approval of

any devxce for cause. s

P . "-.

Tesﬁng Filter-'.l‘ype Dust, Fume, and Miet Respiratore for Permluibility

Among tbe‘ reasons for the. development of Schedule 21 Procedure for Test:bg
F:lter-Type Dast, Fuine,-and “Mist Respirators for. Permxssibxlxty, was the reallzatlon
by the Bureau-of Mines:and others that there ‘was a definite need for- mechamcal\ filter .
- respirators to protect: workers. against. harmful atmospheric particulate-matter, in'situa- _

I ‘Bm'eau ol Mines, Procedure for Estabhshing a List: of Penmm e Self Contain Oxygen ig - =

Breathing Apparatus will .be T 3 Sched. 13 anuary 21, 1930, ) 1 f

9 -m’sBxll‘;reagp:l Minee. ZI'.’rov:.ednetgetx ior Testing (.?Aa's IMask;yfor, Permissibi?‘:y. Sched. 14D, May
(4 . '

‘Bureau of Mmes. Procedure for Testmg Hose Masks tgr Permimbmty- Sehed. ‘19, Apnl

28, 1927 . Lo
" e of Mmes, “Piocediire for “Test Filter.T Dust, Fum nd m t Res tors o
Jfor Petmlsslbikty. Schel. 21, A Sfire for T mi;g £ ppw !” %o "and Mist ¥ "i’“ A
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= equests from manufacturers and consumers that this bureau test and approve such

S devices.

1 . e
. . Schedule 21 follows the general plan of the other, bureau approval schedules for
industrial respirators; the’pre-test and posf-test requirements are quite siniilar,- and ...
the general principles of the test requirements are the same. The primary pufpose of -
this paper is to explain the reasons for the various test requirements. :

Pre-Test quuire’mentu; AP

" The pre-test requirements -of Schedule 21 require that the manufacturer submit

information, drawings,  and samples of the ‘device to be tested, The device must be -

completely developed and ready for release to the public, and the device when tested

by the manufacturer or his agent must havé pagsed tests ‘of ‘the mature described
..-in Schedule 21. The reasops for the third requirement are: (1) To assure the
bureau that the manufacturer is prepared to control the filtering characteristics of

his respirator; (2) to eliminate any question of compétition with privite consulting' . -

agencies in developing réspirators; (3) to Turnish evidence that .the respirator r

is ready for release to public market; and (4) to save the manufacturer’s-and the.
Bureau's time, ' After-the marufacturer has complied with all the above pre-test
requirements he must submit a fee for the -examination and test of his device,
This fee is turned into the miscellaneous funds of the U. S. treasury and none of
the money reverts to the Bureau of Mines. ST o . ,

Test Requirements

In developing the-tests for mechanical filter respirators consideration was given
first to the general requirements for a safe and suitable-device, These requirements
are similar for all types of industrial respirators, The-respirator must (1) give
adequate protection,” (2) - be reasonably comfortable and physically convenient .to
wear, and (3) provide an acceptable service life. . : ’ .

Adequate protection implies that the mechanical filter respirator when properly
maintained and, worn must prevent the wearer from breathing enough particulate
matter to cause a harmful physiological response under the conditions of occupational
exposure for which it is designed to be used. . : T L

. Comfort and physical convenience factors are equal in importance:tb adequate
protection. Even though aware of the ultimate serious effect which will be progg::ed :
.after prolonged daily "exposure, workmen are inclined to be diffident and unwilling
to suffer much daily inconvenience and discomfort from the respirator, = .

* Encumbrance and discomfort also increase fatigue,:cause distraction, and in
general handicap the wearer’s ability to take care of himself, thus increasing the
possibility of accident. .Important-specific items include the weight of :the respirator,
its carriage on the face or head, effect on vision, heating of the area of the skin.
under the facepiece, inability to expectorate, difficulty in talking) and resistance to
breathigg. The importance of comfort and physical ‘convenience cannot he over

The service life involves elements of practicability in the wearing and maintenance
of the device, and indirectly the safety., This type of respirator is primarily not an
emergency device, but a part of .the workman's equipment for doing his regular j
safely. If the service life is short, the- bother of changing of filter elements will
be reflected in the workman's -attitude toward good imaintenance.and use. - .

" Al mechanical filter respirators .are subjected to certain inspections and tests -
and they muist fulfill certain requirements. The general design-and- construction,
particularly as to facial fit, freedom from irritating "facial contacts, “weight, effect
on vision and the wearing of goggles, and ease o cl;lan%ing filter elements, and’
examined. The materials are examined to determine if they are obviously suited

for the purpose for which they are desi ed. Rubber patts which come in contact-
_with theskin must not contain any skin-irritating constituent, T

~ " Resistance to Alr Flow Requirements - ;

The requirements for x;ésistange to air flow are the same for all approved me- .
chanical filter respirators, At no time during or after the filter efficacy: teatings‘plenod
} liters

must the resistance to air being drawn::thro'ygh the device at the rate of

- -

Teqm
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" (3 cubic:feet) per minute exceed 50, millimeters (1.97 inches) of water .column o
height or. the resistarice to air being blown through the device at the Same rate. . . .
- gy of flow exceed 25 millimeters of water column<heights An air flow -of.85 liters -
. . - per minute is approximately equivalent to the respiratory-rate of a man doing heavy =+ - 4
work. The amount of particulate- matter. pulled to the:device during the filter - -9
efficacy tests is roughly.equivalent'to the amount that wéuld be pulled to-the filter. - _..]
. by a worker wearing the mechanical filter respirator in a_inoderately concentrated PRE SIS
suspen?_i_on of the particulate matter during an 8-hour period. Thus resistance to alrf .-l
_flow of an approved mechanical filter respirator-should hiot become excessive when worr - rath
“for an 8-hour period in most suspensions onahnosphe_nq particulate matter- en-
countered in industry, The manufacturer is required to give instructions on cleaning
- or changing tl{e filter: elements wl_}de.n the resistance to. air flow noticeably increases, | -

‘Direct Leakage and Man Test - -

< All mechatiical -filter respirators are Subjected to a direct lefikage and man test .
to determine facial fit, whether-there is any diréct leakage;of unfiltered air, and to = ..
-obtain. information on_the .comfort of the device, .Three of the mechanical filter
respirators .are worn for 30 minutes by 3 men with different facial features in an - .
.atmosphere containing a heavy suspension of bituminous-coal dust. ~At+the end of -
the period, the respirators are removed and that part of the face:covered by thd .. -
fgceglqce is examined for evidence of any leak under the edge of the facepiece.. Sticks e
. 2 millimeter thick were wedged under ‘the edges® of the facepieces worn by subjects : B
A and C to cause the leaks. “The locdtion and approximate magnitude of the leaks . i..
. are sliown by the black streaks on that parf'of the face covered by the edges of the - ..:
~ .. facepieces. The nasal passages and sputum of the subjects are also examined before . Vo

and after the tests.- - “oEl ‘ o o ] A
S ' " - Filtering-Efficacy Tests ' N

“In the dex?elopmehg of the filtering-efficacy tests, particular attention was giif'e_n i
to. the physical properties, especially particle size, of the significant kinds of -atmios- = . .
pheric particulate’ matter encountered ‘in industry. Previous -studies of filtering -~ = -
o materials had shown that] in general, filtering efficacy decreases with a decrease’in . -
;..ﬁ partitle size. -~ - . Lo P
- .7 .. It was decided that most of the significant industrially. generated atmospheric . "+ -
! parficulate: matter could bé classified. into the following three groups im accorddnce - : -
with method of generation, physical state, and particle size: _ I
L. Mechanically generated dusts resulting from- the disintegration.of a solid, ’ :
such as the dust clouds produced in-the vdrious processes of mining, quarrying and - -
tunneling and the "grinding, crushing, and general processing of solid materials. 7", --.:
¢ .-This type of atmosphéric particulate matter is referred -to.as Type A atmospheric '~.-.
.~ particulate matter and mechanical filter respirators désigned to furnish protection’ ;
against-these suspensions are referred to as Type A .mechanical filter respirators. ! L
Lo 2. Fumes of warious metals (usually.their chemical compounds,-as oxides or | - .
* ™ carbanates) such as lead, mercury (except mercury vapor) manganese,/magnesium, -
aluminum, - antimony, arsenic, copper, chromiumi, jron, cadmium, and zinc.resulting- - -
from sublimation or the condensation of their vapor,.or from the chemical reactions.
. " between their vapor and gases. 'This type of atmospheric particulate matter isre-
ferred to as) Type B atmospheric particulate matter and mechanical filter respirators
designed to furhish protection against thése suspensions are refeérred to as Type B~ -
mechanical filter ‘respirators. . : o . o
: .. .3, Misis as produced by spray-coating with paint add ‘vitreous-enamels, chromic.

. acid- mist as produced in ‘chromium ,plating, and other mists of materials whose .

- liquid vehicle does not produce harmiul gdses or vapors. This type of atmospheric
particulate matter is. refefred to as Type C atmospheric. particulate matter and - »
mechanical filter respirators designed to furnish rrotection against these suspénsions - -

..+ are referred to as Type C mechanical filter respirators, RS T
The mechanically- generated dusts and fumes-consist ¢f otid pagtiglemle the ’

feda . ..

. mists. consist of ligui or liquid-conted -solid particles, - The particle.s mes © -
* chanically generated dusts extends over a wide range, in_some cases, from particles - -

.. visible to the naked- eye’ probably down to molecular dimensions,. -The range in e

- . particle size of fumes is much:smaller. ‘The upper limit is in the lower microscopic . - R

., .
b

RSN
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f;ange ; (about 0.5 'nﬁcrog)', while the lower limit probably Epproaches molecular

.- dimensions. The particles of some fumes, particularly zinc' and: magnesium, readily .
*...-join and form large flocklike clusters. The effect is least pronounced in the case -

of lead. Mist particles are spherical and probably more uniform in particle. size than
those of dusts and fumes, . . : Tl _

Suspensions of each of the ti'lpes'l'oi ‘industrially-generated atmospheric particle
matter were selected for use in.the filtering-efficacy .tests, These suspensions were

chosen on the basis of their industrial hyglenic significance and. their -physical .

properties, such as particle-size distribution and tendency to ’aggregate which_have
an appreciable effect on filtration, It was desired to test the mechanical filter
respirators against tie most common or widespread harmful suspensions of each

type; the test suspensions to have physical properties, such as particle size and '
diﬂ‘fcult to remove by filtration

aggregation tendency, which would render them as i

as any other suspension of the.same type. The test suspensions selected are:

- (a)- For testing Type A mechanical filter respirators or those .designed to

furnish protection against mechanically generated dusts a suspension generated froin

very fine' (994 per cent through 325 standard mesh sieve)-silica dust consisting of
-+ per cent free silica (Si0,). is used. The suspension is generated in such a- way

that all particles larger than about 3 microns are removed before the suspension

enters the test' chamber, The particle-size distribution of the test suspension must
not exceed a 'geometric mean of 0.6 micron and-a standard geometric deviation. of
"190. The particle-size determination is ‘made by collecting. samples of the suspension

‘by the Qwens- jet dust counter and determining the particle size distribution by 2

microprojection method developed by the Bureau of Mines® ) 3

"~ (b) For testing Type B miechanical filter respirators or those designed. to
furnith protection against fufhes, a lead oxide fume generated by the combiistion of
‘natural gas containing lead tetraethy] vapor is used. The particles. of this fume. are
extremely small and have about the least tendency to.aggregate of .any fume, hence

*

. of .magnesium oxide is-also used to detérmine the effect of a fume, whose particles

readily aggregate in large clusters, on_the resistance to air flow. of the filter of the -
RN - — - s

device.

acid mist generated by electrofyzing an aqueous solution of chromic acid, as. is done
in industrial chromiumy plating; lead paint mist generated by spray-coating ‘with lead
paint; and 5 water mist carrying silica dust -.generated by spraying a 2 per cent
aqueous suspension of silica dust are used. The water-mist carrying silica dust is
used to simulate the mists generated in. spray-coating with vitreous enamels. }

. The concentration of the particulate matter in the test suspensions- was chosen
*Yo represent more ‘or less the higher concentrations found in industry.  Since-the
concentration of mechanically generated -dust found in industry varies over such
wide limits it was decided to test Type A mechanical filter respirators against two
concentrations; one to represent the more or less average dusty industrial condi-

- tions, and the cther to represent very dusty conditions.

The complete mechanical filter respirator is tested on a mechanical testing
apparatus, The_test suspension is pulled through the device at the rate of 32 liters

(113 cubic feet) per minute, continuous flow. ; The volume of air pulled through .
the mechanical -filter “respirator is 10 cubic meters in all cases except in Some,

tests against particular-kinds of sirspensions as meéchanically generated lead -dusts
and in the high-silica dust-concentration test_and the magnesium oxide test whiose

primary object is to determine the increaseé in. resistanc¢ to air flow of the filter
with the amount. of particulate matter retained. Ten cubic meter$yis. approximately

‘equivalent to the volume of air breathed by a worker in 8 hours. - The samples .of
particulate ;matter for. concentration determinations are precipitated electrically. .
from ‘the air- of the test suspension both before and after it has passed through -

" the' mechanical filter "respirator.~ The sdmples. are collected in containers which

. can be weighed readily on an analytical balance. For reasons of 'coh.vex’lience, ..s_peed, .

'an{wn, C, E."aud .Yaut; W, P. The Miétoiwroiei:tor for De:;ennining'.l’arti‘cle 'Size
S. Burcan of Mines Réport

. Distribution and Number Concentration of Atmospheric Dusts. XU.
-, -of Investigations- 3289, 1935, ’ . b

they are very difficult.to femove from the air by mechanical filtration. A suspension.

(c) For testing Type C-mechanical filter respirators or those designed to’
furnish protection against mists, three different suspensions are used. " Chromic |
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. manufacturer by the Bureau of Mines must be attached to these contamers. “The -
_ approval-“label gives the approval number, shows to whom the -approval -is 1ssued,

. approved for protection against poisoning b{lbreathmg dusts whose ‘main tharmful .: .

. while pulling the headstrap. over the” head and below ‘the edrs. Then adjustthe -

..c; . - (v’ : . . ' R . .
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and accuracy the samples of silica dust are quantttated by wexght rather than by'.

count. Samples of the other particulate ‘matter .are quantitated chemically. ‘.

- The ‘requirements as to the amount of particulate. matter that the. mechamcal o
-filter respirators.must remove from the air pulled through them is based on the best . - =~ @
“available’ information on- the concentration of the particulate matter .that-is safe to . - ,.-
breathe, These requirements are subject to. change with the'accumulation of knowlv -
_edge on the & yaiolo%ical effects .of industriaily enerated atmosnheric artlculate sk
" matter., er wor s, the filtering-efficacy requirement is that the.air inhaled ¥ 4
the wearer oi such & device must be safe to' breathe, and not.that' the device have any'
partlcular percentage filtering ‘efficlency, :

Mechanical filter respirators are not approved- for any. wbatance more harmful
than the. partieulate matter- in the test suspension against which they are tested -
ype espirators are notlapproved for any substance more harmful ‘than -
free silica (SiO,) dust.. However, edule 21 provides. for testing and. approvmg‘ .
mechanical filter ‘respirators against any kmd of mdustrxall generated atmospheric . '
particulate matter.. For example, . Type mechanical - fifter respirators are nof . f

“constituents are imetals or their compounds.. However, two mechaiiical filter respira- .
- tors have been submitted and approved for protectnon against the mhalatlon of .-
mechanical generated lead dusts, .
Table 1 summarizes: the details of the ﬁltermg-eﬁicacy tests and hsts the me-
chanical. ﬁlter respnrators which have been approved to date. (Pages 140-I4l ) :

Post-'l.‘est Requirements CRN ‘ . -

Thé manuiacturer of aii. apfproved ‘mechanical filter respxrator is r mred to .
mark’ his- deviCe, with: the name of. his company,rthe name letter,-or number by which -
the type is. designated for trade purposes, and.the. apgproval number assigned to the Ce
device by the Bureau of Mines; and ‘the filter unit must be marked with the approval . . . 2
number and with the type ot kmd of atmospheric partlculate matter for whtch :t e
is -approv .-
The mechamcal filter resptrator and replacement filter units’ must_be’ prov:ded -
thh substantxal and durable confainers.. Copies of the-approval fabels isswed . to the

states what the device is nd is not approved for, and ‘cautions_the ‘wearer to follow

the manufacturer’s ‘instructions for the.use and care of the device, .
" "The following is a sample of the. required instructions furnished by the mantx- R |
facturer. . These mstructxons are smular for all of the” approved mec amcal ﬁlter Ce

' respirators. . oo

. Instrucuons for Use of Mechamcal Filter Respirator o 3

1. Respirators will not protect Tinfess’ placed on .the face properly each ttme cLT
they are. :worn. Carelessness in-face-fit means dangerous.Jeakage.t In general a .
better ﬁt is obtained if the mask is worn mot too high on the nose, . . o

2. To fit the respirator to the face hold the respirator, exhaust valve pomtmg '
" downward, by the metal screw connection with either hand, and hold the- “Hieadstrap
with the other. hand. Place the facepxece against the face and hold. it in place -

- facepiece- until a firm snug fit is obtaiied. The headstrap. may be adjusted while . ..
the resp:rator is. in place by holding the metal. slide between the thumb and foreﬁnger - -
of oné hand. 4ad pulliig-on the, proper strap with the other. hand. .

3. To: instruct .the wearér "in the proper adjusfment of the hea.dstraps and o
- position of the respirator on the face a ;cardboard disc is enclosed. To:use this- - .
disc’ unscrew the filter  bag,, place the dxsc against "the felt washer in the metal i .

gt e F e LT

* connection on_ the felt bag, agsemble the respxrator, and put it on. The wearer should 7t
" not be“able to breathe through the respxrator or fee any inward leakage of air’
. under the edges of the facepiece. L

«  The presence or absence of dust. streaks .on’ the face inside the line of fit of the - .
-~facepiece - after wearing the respirator m a dnsty atmosphere can also be used to’ tell R
“Whethér a proper fitiwas obtained. o e R

‘4, The recommendéd procedure for cleanmg the’ ﬂlter bag is to msert loosely o
the nozzle of .2 hxgh-pressure air hose into the bag openmg and to blow several o

L
.
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TABLE DETAILS OF FILTERING EFFICACY TES'.I.'S AND LIS'.I.' :

.

—

Industnall enerated dtmospheric partncu-
late mattgr gagaixw. hich pthe device is
: designed to fumnsh protection

P
- .

Test suspensions used

" 1 paint and vitreous enamels,

Tl

3

“““"“““” ““&’““‘suﬂi’é‘&m’““‘o‘f‘”ﬁ
rmcu e
p pciasthemtdoudspmducedm
mining, Qua:
: xudusma{l oyeratmns of srindmg, crushing,

- and proce;

Fumes of various metals (nsually ﬂreu;

chemical compounds,-as oxides or carbon~
ates) such as lead, mercury (except mer-
cury vapor), manganese, coppet, chromium,
irofi, cadmium, zine, magnesium, alumi-
num, antimony, and arsenmic resultiag from
sublimation or mdensatmn of their va
or from ti:henucal reactions between t eir
vapor an ses °
Miggs as pgr:duced by &pray-coating with
chromic’ acid
mist as produced in chromium plating,-and
other mists of materials whose liquid ve-
hicle does not produce harmful gases or
vapors  ~ . .

% 3

v

Mechanically geuerated dusts whose main

harmful constituent is Jead, such as lead-

dusts generated in manufacturing storage
batteries; enameling; pottery making; ru
her eompaundxng, sandpapéring a c!np-

ping painted suriaces; pamtmakm preé -

paring luho-transfers- and mining, millin;
and processing .lead ores .

"Air- ded ground fl
of ;ispp?rcent free” sxlxca (Si(zﬁ)m Over 9? o

percen
mesh standard sieve

- floated (99

hxch consists
t of .the dust passes

(@) Lead oxxde fume- produced by the de-
&ay:

composition and ~combustion of "l
tetraethyl .- R

()3 Magnesmm oxide fume, ireshly pro-

magunesium. ribbon

(a) Chromic ae:d gt produced by electro.

i an aqueous solution (200-500
gyr;:g of eh:go}‘mzc acid per llger) ol
_ chiromic acid )

’ ) (b) Lead paint mist lgu-oduced by spmying

a ‘paint having following com si-
tion: whxte'lead (paste haying app po -
mately 91 percent white lead and 9
percent ~ linseed. ofl weight),
grams; ki oil, 50 cubic centune-
ters. and stcam-dlsulled turpentine, .25

() Mnst produced rv spraymg a2

percent
aqueous mpeus f ground flint, air-
percent through 325 stand-~

ard mesh sieve), The sround ﬂmt con-

‘sists of 99-- percent free s (SiOy).

Mixture used in makitig ne, t: lteal'
lead stora; bttgi & ‘g;a:?{a Q
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bO; 25 percgket red lead, b.0¢.

3 pcment lampbla

e

v
. 1

mmed by the im inger meth
. milligram 2

v
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s an milllg'ram—_ 0.0154 gtam. : .
% One cubic meter = 35.315 cu
"Rate of samplmg—sz lltets (1.13 cubic Ieet) per minute,
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bed by the U. S, Public Heal ence, 1
‘per cubic meter ‘of this dust is approximately equivalent to 8.5 nulhons of particles

See prevums listing of company for complete address.. )
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o op APPROVED ‘MECHANICAL FILTER-TYPE RESPIRATORS S

.--Concentration ~.Volumeof *  Maximum -amount of particulate - .

of test . test su. ion matter permitted to pass Hame and manufacturer of mecham
4 . suspension, b pljr::; . through the device * . jcal filter-type res!pxrators approved
tlu-oug i to date. September 25, 934 .

b -
¢ S
'1

percubic_ - - device, cubic ™ . . Mxmgrams
meter® of air ;meterse . percubic
) CE - Mtlllgrams . . meterofair

SO

- i . . .
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the 3
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y N R o .o . : 8 to Pulmosan’ Safety Equtpment -
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o N e T . ¥ 2105, jssued to Stan ard Sqfety
LT T P Equipment Co.
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«

<

-
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fsﬁgrt blasts of air iito the bag. This procedure removes from.the bag. dust and
grit which clogs the pores of the filter and’ makes breathing difficult. The proper
time for cleaning the bag is when the wearer experiences discomfort in breathing.

-When compressed air is not available some dust' may be removed by tapping the bag "
. lightly and brushing the-outside of the;bag. ) ; 4

»

5. To prevent irritation of the

may be cleaned with soap-and water, and for general sterilization they may be

dipped in a 3 per cent ‘solution of carbolic acid, a-2 per cent solution of lysol, or- S

a 70 per cent solution-of denatured alcohol, then rirised with water, assembled,
and hung up by the loop in the felt bag to dry. The filter badg. and headstrap always
must be removed before .the respirator is washed or sterilized. :

: While not in use the respirator should be kept in a dust-free;place, prefer-

The manufacturer is required to maintain the quality of his product and to see’

that éach mechanical filter respirator in all its parts is.construcfed according to the -

drawings or records that have béen accepted by the Bureau for this device and that
are in the Bureau's files, Mechanical filter respirators that exhibit changes in de-
sign or’in€lude any parts that have not been approved are not permissible respirators
and must not bear the Bureau’s approval label. Schedille 21 providés for the manu-
facfurer to apply for an extension of approval on any change in the mechanical
filter respirator which “does not affect the filtering  characteristics .of the- filter,

Changes in the filter require the application for a new approval.

+The Bureau obtains information on the main ice of design. and quality of

approved mechanical ; filter respirators by testing samples of the devices obtained:

- on the open markét, The Bureau reserves the right to rescind for cause any ap- -
-proval issued. . : . ’ .

A Safety Style Show

_ . . ByEJLSMITH -.° i
Safety and Health Dlrew'u_tem Electri¢ Company Hawthorne Works,
' . S “"Chicago ' - )

o 1y o~ - Uy .
. For tk{i‘ﬁ't‘pqge.' of ass\xgn’ifaixr foremen in the selection of the proper safety
uipmént Wwe have standard specifications and every foreman has a copy. In it he

_ will find the protettive: equipment required for any.class of work,

Molders, cupola tenders, furnace tenders and helpers in foundrf- and. forge
are equipped with heavy duty metal or composition cup goggles with hardened .
lenses, The lenses in the furnace tender’s goggles are of a forge and furnace shade.
Electric furnace tenders,” however, wear a welder’s goggle, described later. When a
goggle is equipped with clear lensés, it is used for such operations as breaking defec--

.tive castings, cleaning castings’ with compressed air, grinding castings to remove

gates or fins, pounding on castings to remove sand cores, pouring molten metal into

L r s and for getieral safiitary purposes ‘théis
. respirator should be “cleaned after each .day’s -use. . The rubber and metal parts = .

molds with hand or bull ladles, removing gates or fins from castings with air chisels, .

or hand chisels"and hammers, and working in vicinity of chigpiﬁg hammers.
Leggings are of the non-lacing, non-buckling and snap
place by hidden steel springs similar to the old ‘bicycle pants guard. - They will come
off instantly from a tug at any poimt. There are no.gadgets to confuse you or those
who are irying to help you in an emergency. Just one simple thing to remember—
grab anywhere and piasll. - . S .
Men wear safety hats when chipping slag out of cupolas.- Our(s:onstruction'
crews of masons, carpenters, millwrights; and so on, wear them whenéver they are
engaged in; work where there is the slightest chance of objects falling from overhead.
Our _emplpyees wear “Congress” safety_shoes; for their’ protection in additign to

... the leggings.

> : T e . Lt
We use d lather.gteel faced glove when charging a cupdla or handling pig-iron..
Full -leather palm gloves with band top- are used in chipping casting fins, load-.

' ing and unloading tunibling barrels,:and removing castings from sand, .- . .
. - For the protection of health, -<workers in the ‘brass foundry are. provided with -
" overalls, and undershirts with full -length sleeves. This is in accordarice with Illinois . - -

uttoning ‘type held in .-

-5
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- tanned.leather le ngs, jumpers. .

Safety Eqmpment) | e L 43 LS

- ..'.( . "-', ’N
labor laws. "At the termination of a shift molders take shower baths on: company ) h
time, Workers -in this classification are provided with“two lockers, one for workmg S

- clothes and the other for street clothes;

. For protection against solid. non-volatile partxcles suspended in air men cleamng S
inside of a- cupola are provided with .respirators.

"t Incidentally, our supervisors make periodic inspection of res;nrators and ‘other. . TR
\\sa ety equipment to insure that théy have.not become worn, damaged, or deteriorated . o

to’such an extent that they no longer provide adequate protection. Special precau~:

‘tions are also taken to,sée that cracked, broken, or pitted lénses in goggles -are not. e A
used, leggings are not worn threadbare nor with torn places so as to permit molten” | 4 -

metal to get into thé“upper portion of &e shoe and -Congress shoe sales are not worn- . g

- through,’ nor upper. torn outside the’ atea covered by leggirigs.

Employees operating woodworkmg machmes are required to wear goggles,’ when, ‘

“'in the opinion .of the. supervisor there is the shghtest eye hazard .present.. Goggles R
"are mandatory. on all tool grinding operations; T T

“The hands of all. employees handling rough lumber on machmes such as swmg gl

. saws, rip sdws, .molders,- automatic and’.glue jointers are protected agamst ctits, ‘v

scratches, and slivers with leather-palm canvas gloves.
- Those engaged in shellac. dipping operation’ are supplied with rubbes gloves. .
" ‘The fingers -of employees gluing wooden parts are protected with finger cots.. -t

- The personal clothing of: employees drppmg parts m -shellac or spraymg* parts N .
"is protected with“ovéralls.. - :

In the manufacture of ° rubber a h'ﬂ;l ther operatron§ our supervxsors instruct
.employees in the proper manhner il W ipment is to be worn to msure the great-

est possible protection, -
. When miking rubber compound srftmg -or handling sulphur or powdered shellac,
cleanmg dust collectors,. -sacking powdered rubber, breaking rubber scrap,, blowing -.

_ soapstone and sandblasting. rubbers parts,” our eriiployees wear heavy duty cup type .
.- goggles, They protect agamst large, heavy partrcles, severe impacts and high dust

concentrations. -5
When handling mdra-rubbep' ellow or vermrhon, or cleamng brass equxpment in

an acid dip tank our:men wear light acid gloves.
Gauntlet gloves are worn' when mixing shellac or. rubber compounds contemmg

. poisonous “substances on milling rolls, They are also used in handling ‘hot- molds

subse uent to-vulcanizing operations, -
The type of respirator, naimed before, is also worn- when mixlng rubber ‘compound

) ~contaming a high percentige of hard “rubber powder, "handling .sulphur iftmg
 powdered shellac’ and in the .performance of other work, where harmful lc

inds of €3
dust and material“are encountered. o =
- A special -goggle is used to protect - -against sprayed orssplashed corrosrve solu- :

" tions and irrifating liquids.:

Undershirts and overalls ere also furnished for platers and acxd dippers.” Pro- .

 tective clothing is laundered 'weekly.

Rubbef gaimtlet gloves are ‘worn by those engaged in all platmg and/dlpp;ng

- operations, .

Wooden soled“shoes are. well known in platmg circles. The kmd we u e’how-f’ N
ever, are_eqtiipped with safety toe cdps, "~ - . \J/ e
Rubber aprons are worr whenever acid is changed or tanks are eleaned . . ‘

-~ All arc- welding at Hawthorne jis performed inside special enclostres, Welders, ‘
helpers, and others in the:welding booth are provided with eye and face protection
and safety.clothing which; with their personal apparel affords complete protectron

) from ‘the heat and the rays of the arc.-

Protective .goggles are worn: under the helmet. They proteet the eyes against. ¢
an uninteational fash which- sometimes occurs while mesn are arrangmg their .work S
with the helmetin the up or.overhead position. ©

* -The arms, hands, body, and feet of ‘welders are protected with such clothmg
as fanned leather gloves, tanned laather sleeves, chrome leather aprons, chrome

o

. Periodic inspegtion is made of this eqtirpment too.’ Speeral precautlons are- taken e ‘

" with. masks to - ingure-that they .do" ‘not: leak light, cover glasses. are not-broken or - |

cracked, colored lenses are protected by cover glasses, coVer glasses are lreblaced
. ) O .0.‘_-‘:., . L . .y
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if burned or pitted so that vision is affécted, and fibre is not briiised nor broken.
- In lathe, millings, shaping, and similar machine operations our employees wear.
the light duty type of goggle. When side protection. is required from materials
thrown from: neighboring machines goggles with side screens are worn: ~ -

When acetylene welding or cutting, a. goggle with shade No. 8 is generally used.
It is also equipped with a cover glass. : ot

Although shoes aré not furnished by the company; every:effort is made -to

encourage employees to wear safety shoes, .This shoe is equipped with a safefy steel -

. toe-cap which will withstand 1,950 pounds before deflecting one-quarter of an inch.

““Rough chrome soles are worn in our fod mill and other .places where. drawing . '

- compoundd or oil are encountered.- .

Sandblasters wear the same white acid glovés' as that worn l;y platers. Inci="

dentally, we stock and order the right'and left as separate items because the right
hand glove wears out much faster. < . :
They also wear flame proof sleeves. . . . .
On most grinding: operations we use a_goggle ‘with screened sides.  On lighter
operations, wher€ no side protection is required we use the light duty goggle.

All men at Hawthorne working at a height of ten feet or more above the floor o

are required to wear life belts. For seven years not one occasion occurred to bring
a life belt into play. In the eighth year, however, a 210<pound apprentice, equipped
with a safety belt and lif¢ line, was working ‘on a scaffold twenty feet above the
ground dismantling a gas holder when ofie of the hooks. failed. His body dropped
a matter of inches when his safety belt ‘came into play. : -

To prevent callouses'forming on fingers men. who lay out the lines or form -

" the harness for switchboards wear special gloves. To ‘facilitate dexterity the glove
fingers are.éut off wherever protection is not needed. . :

We use a canton flannel glove for removing hot work from plastic material .

= molds and die castingmachines.

Rolling mill operators in our copper rod xmll wear: puttees for protection against ‘.
hot rod stock. The copper sheathing on the inner side is put on by us. It affords

additional protection when men-straddle the rod as it comes through the rolls..

“Where men Tift heavy objects such as pig load from one pit to another 0_1" load -

them on’to a truck, foot guards are provided. .
Because of the tripping hazard presented by the foot guards themselves, their
use is restricted to operations entailing a minimum of walking. -

. We find coveralls which fit over -ordinary spectacles, quite' useful on certain-
- jobs where goggles are required less than 50 per cent of the time. However, they .

are much too heavy for constant use. In cases where goggles are required more

than 50 per cent of the time for operators who wear spectacles'in every day life

prescription lens goggles. are furnished free of charge. -

I want to go back to the subject of goggles to tell how we sold our employees

on goggles. We found "that most of the complaints ‘were relative to discomfort.’
After consulting several optical concerns we found that goggles could-be fitted to give
as much comfort as a pair of spectacles. So we set up a goggle-fitting section
in our storeroom and placed in charge an expert who had been:trained by one of
the optical companies. Our present practice is for the individual to visit the store-
‘room himself and have them Sfitted by this expert. Our complaints now are few.

We san into another snag when we tried to put goggles on our girls, but here

we found that the main objection was appearance. There were some.complaints on ..

discomfort too. So, in addition to fitting .the goggles we designed a different type.
_ It. was made much lighter in weight and a forty-two millimetre fens was used with
" smaller frames. This gogele has a pleasirig appearance and has-overcome objec-
tions. This goggle could not be assigned to our men operators, however, because thé
male orbit requires-at\least a forty-six millimetre lens for adequate protection. L
The same saféty Yules apply 'to’ women as to men, keeping in mind that we do
not ermploy “‘women 6it operafions entailing contact with acids, oils, or other materials
requiring protective clothing. + It is an iron clad‘rule, however, that they must wear
goggles on all jobs where there is the slightest eye hazard present. --‘Women working

' aroundAaqy kind of revolving machinery are required to wear hair: nets, - ,
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