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Foreword

* 112 TRANSACTIONS of the Twenty-Fourth Annual Safcty Congress,
National Safety Council, 1935, are published in two volumes. This volume,
first, contains the general sessions, the special subject sessions, and the

‘ustrial Section sessions. It is supplemented by a smaller volume containing
sessions of the Street and Highway Traffic Section, the Child Education

-tion and Home Safety.

All industrial members of the Council antomatically receive the large volume,
¢ smaller is sent to members believed to be chicfly interested in the sessions
covers. It may, however, also be secured by other Council members upon
uest,

Many members have found it worth while to distribute copies of these
insactions to supervisors, foremen and others in an administrative or super-
ory. position who may make practical use of them for reference purposes.
v the benefit of those who desire extra copies the following quantity prices are
sted: One to ten copics of the large volume, $1.50 each; eleven copies and
or, $1.25 each: copies of the smaller volume, 50¢ each,

Vv ACCORDANCE with the plan of publication followed for the past several
years the Transactions are published again this year as a condensed record
the proccedings at the National Congress. The papers of each session or
ision of the Congress have been edited carefully to eliminate extrancous mat-
and to abbreviate the less essential portions because of space limitations, In
.er words, the material herein presented is not a verbatim report of all the
eches presented at the Congress, but rather an abridged version, made as
npact as possible, yet without any injury to the technical aspects of any
iress.  The original manuscripts are on file in the library of the National
:'ct)"' Council, where they are available for additional reference. In several
.es, where illustrations were sent by the speakers to the Counci), these also
on file. .

The National Safcty Council at its Congresses seeks to eliminate from dis-

»sion matters which arc not pertinent to the aim of the Congress or which are
iriry to Council policies, but it cannot accept responsibility for the views
wressed either in the papers presented or in the discussious based upoun the
LETS.

NATIONAL SAFETY COUNCIL, 1INC.
20 North Wacker Drive, Chicago
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Occupational Discases

Occupational Diseases

FRIDAY MORNING SESSION ’
October 18, 1935

The session .\\':15 called to order hy Mr. W. Dean Keefer, divector, [ndustrial
Division, National Safety Cowncil. Dr. €. M. Watson, newly-elected President of
The National Safcty Council and Medical Director, American Telephone and Tele-
graph Company, New York City, presided.

Present and Prospective Occupational Disease Legislation
By F. ROBERTSON JONES

General Manager, Association ‘of Casualty and Surety Executxves
New York, N. Y.

Since the prevention of discases is, ta same degree, a commmmity problem.
the state vught to do itz part toward the preventicn of nccmmimml discases, along
with afl others,  The.public health authoritics should study the causes of such dis-
eases, their prevalence, virulence and the nweans dor their prevention.  They should
advise as to such means of control, and. as a last resort. appeal to legisiatures for
power to arder compliance with their rules.  Statutery regulations for prevention,
“labor” ar “factory™ laws, have
too serions drawbacks to he efficient. They are apt to be intlexible and quickly becotne
“out of date™; and they are too apt to be perverted inr the establishment of fictitious
hases for wasteful and demoraiizing damage-suit iitization.  Scientific burcaus ot
occupational hygiene, wder direction of pubiic health authorities, are the hest public
instrumentality.  Ifficient burcaus of that ch:aracter are now to be found in several
states : hut, zenerally, such public health organizations are nadequately manned and

equipped. Therefore the primary need in occupational discase legislation is ior

measurcs to improve our public heaith services,

Emphasiz should be placed nn'(\rcw.miu. nut merely becanse “an ounce of pre-
vention is worth a pound of cure,” hut hecause public mensures for the assurance of
rehiet to victims arc perilousty susceptible of being so perverted that these affected
will tend to rely upon and abuse llu (llu((‘gt:rm atiorded as a substitute for, instead
of as a mp,)lcnunt to , means for scli- prutcu.on

F\]»ctt opmmn now calls strongly for the entire climmation of cmplm ers’ liability
for “damazes” for occupational injuries—hy discase as well as by accident—hascd
upon negligence. That remedy is teo uncertain in operation, litigions, demioralizing
and wasteful; it furnishes relici to too few of the victims unless it be o liberalized
as to be prosslv unjust and financially perilous to employers—and therehy harmiul to
industry and all dependent upon industry.

lmscw from itl- hcﬂlh amonge \\nrl\m(‘n are “rnm rily subjects for celi-providence
or far * <r1c111 imsurance’ —lnr “sickness insurance” to heln out during brief iflnesses,
and for “mvalidity.” “old age” and “widows’ and orphans’” insurance where xllnc‘scs
or infirmities result in long or permanent disability or untimely dealth, The cost of
these insurances against the common misiortunes of hie cannnt n"htlv or C\pcdlcnth‘
be imposed wholly upon industry, but needs to be distributed somewhat in proportion
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to rcqmnqlnhl\ And benefits, at a high scale of masimum carnings, as in workmen's
compengation, simply cannot be provided for all such workmen's misfortunes.  In
imvalidity, old-ace and life insurance, at least, the henefits must he ;-rulm] more or
lesz, in l'l(’l'””l“” to the individual workmen's («mlnlmlmm to the requisite reserves;
aned the right to benefit must be conditioned upon some mnmnnm number of contribu-
tens. Tt is only for some relatively small proportion of the injuries and physical iils
to which workmen are subject that it is xcxsmnh] and practicable to impose the full
pesponsibility on mdustry,

Irom its beginnings, the workmen’s compensation law has covered all injurics to
Lhealth resulting from accupational accidents. Further it has now. in this country and
abroad, been extended to cover many specified diseases, not resulting frenn accidents,
classified as “occupational.”  And in a few states i this country and Latin America
it has been extended indefinitely further to cover “all inclusively™ all injuries to health
“arising out of and in the course of the cmploymcnt" or all “occupational discases,”
undefined, “arising out of the cployment.” :

In this country there is strong political pressure in favor of this “ail mclusive”
coverage of injuries by dx<<‘1sc hascd upon the contention that there is no difference
in principle between “injurics by accident” and “injurics hy discase™; thercfore, indus-
trv ouzht to he liable for Loth classes of mmjuries on the same terms and conditions.
This contention is fallacions,  The fundamental principles of the compensation lasv
are that industry shall be held rc<1mn<1hlc and liable to compensate for the losses from
thase injuries only which are caused by “trade risks”, resulting from cmployment and
which the cmpln)cr can control; and that the liahility for such risks shall he suffi-
ciently well defined as to he insurable at practicable and cquitable rates, fixed in
advance.  The standard compensation laws have heen framed to carry out those prin-
ciples in application to injurics by accident.  But the factual conditions relative to
ininries by discase are so difierent from those refative to injuries hy accident as to
neeessitate different treatment, .

The crucial difference hetween accidents and discases is the time factor.  An
accident is a sudden event, happening at a definite time and place.  Generally the
cansal relation hetween the emplovment and the accident and between the accident
and the resulting injury can be traced with reasonable certainty,  Generally  the
cmplover is automaticallv identified. And there is a clear-ent event from the date of
which time-1limits on notices, elaims, cte.. can he measured,  Tn contrast, many diseases
attributable to occupational risks are of slow comtraction, and may be of cqually slow
progress to harmful results, ITnosilicosis there may be an interval of as muach as
twenty or thirty vears hetween the first exposure and disability or death, . In the
wmeantime, many causes for disablement or death, ather than the occupational discase
mayv have operated.  Often it is a matter of extreme difficulty {0 determine whether
disability or death really has resulted from an occupational dizease or {rom other
canses.  Medieal dingnecis of the mcere existence of a particular disease is often
wncertain g yet for the proper operation of compensation for occupational diseases it is
essentinl 1o obtain true medical diagnoses, 1ot merely of the existence of the discase,
it also of its causes and concegquences,

A further difteulty is that, wheve the disense s of slow contraction, it mav he
contracted by a workman under several different employers or insurance carriers. In
such cases it is essential for the prodection of the workman that some one existent
emplover or insurance carvier shall he directly liable for the enfire enmpensation,
That is a highely vicarious and harsh Hability o impose upon an emplover or insorer
—whether or not accompanied by 2 right 1o chinn contribigion fram earlicr employers
andd incnrers - and, i all fairess, shoald he sobject fo strict limitations,

Morveover there is a dilicnlty incidental to the provision of new imsurance for -
cotporation for such diseases of slow contraction as silicosis, Unuler sinch conditions,
the habality smposed upon the employer inechules a liability for disability or death in
the futare; in ather \\unls, a h hility, not mercly for future visks bt also for the oSt
of 2 volune of phvaical impairments already incorred honpele the iabilite therefor s
not yel aatired,  Ininsuranee pirkanee, these are tevmed “acerned Babilitie<” Saeh
acerned Habilities, ander a Tvw newly imposime o Bability to compensate for silicosis,
wonld, It g estingded, fnoa otate snel as New Yark, aepr many anllions of
dollars, Thiv cost is adeitional o losses from enerent visks s aml how te omeet 3t and
how to fix, reasonable eharees for nsoring it is wcomples fimancial poblem,
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The situation, then, in my opinion, is this: The principle of compensation. re-
rardless of fault, may well be ¢xtended to cover those disabling «liseases that are
characteristic of :mrl pccnlmr to and have their origin in the occupation or process in
which a person is engnged.  This would exclude the discases of ordinary life, and
would he applicable only 1o the specific hazards which arise ant of and bezause of
industrial processes and occmntinm The providens for such covernze should be
separate and distinct from the provisions of law applicable to compensation_for_accis
dental injuries, and these dectmns should be constantly cmphasized. ¢ prohlemr™
of formulating such provisions is relatively simple with reference ta those recoznized
discases sct forth in the older occnmtmml discase laws. since such discascs are
reliably diagnosable, of yuick contraction and non-progressive.  Tint it is difficuft i
respect to such prougressive discases of slmv commumn as silicosis and ashestosis— l
now qcncmlh regarded as heing truly ¢ nccup.ntuunl Fortunately, however, there !
are promising models for our deancc in some of the form"n compensation laws, 1
whereas experience under indefinite. “all inclusive” coveragze in Connecticut, Massa-
chusetts, Wisconsin and California is helpful with lessons of faults to avoid.

In my opinion, a law for the compensation of nccupational discases should contain ;
provisions to the following effect: .

. ]. Discases to he made “compensable™ should be distinctly specificd—hy listing
ina “schedule” or otherwise.  They should include all thnse duc‘\<c< but only those,
to be found in the state. which. nccnrdm" to prevailing medical apinion. can he traced.
in individual cases, to origins in “trade- n<l\i —1. ¢., ricks, not of nnlm\r\ life, but
created by special practices or processes in industrial mcnpn.mns.

2. There should be a special regime for expert adjudication of wmedical questinns
in occupational discase cases.

3. There should be definite periods of exposure rcqmrcd as a condition to the
rizht to compensation for various occupational diseases; the time within whiclh, in
order to he compensable, disability or death mnst follow exposure shounld he lnmtcd
and cases resulting from exposures prior to the cficctive date of the compensation
coverage, or in industries wholly outside the particular state. should he excluded.

4. Prompt notice cither of the first manifestation of the discast ar of diablement
-—the time of such event to he determined as a medical gquestion—shonld he strictly
required; and every presumption should he against the validity of a claim not made
as promptly as practicable. i

S. In case an occupational discase; merely aggraviates, prolonzs or accelerates
disability or death duc primarily or prn\nn\lcl\' ta a non-nccupationa!l disease or
infirmity or, above all, to old age, the compensation should be reduced ta e propor-
tionate ta the degrce to which the nccup.xhon'll discase contribuies to the disability or
aceelerates death.

6. The employer, as of the time of the \\oer'mf. Iast substantial exposure to
hazards of the disease, and the insurance earrier then on the risk should he liahle for
the entire compensation-—with or without rizht to contributian from carlier cmployers
and insurers.  But all such habilities, whether directly, for compensation or for con-
tribution to the compensation pavable by others, <should be subject 1o brief time
limitations. . .

7. Inincorable discases, especially silicosis, the ohligatory medical henefits should
he specially Himited in time and kind.

8. In silicosis and other discases of slow contraction. there should he special
provisions for limited compensation to workmen laid off hefore actual disalilement,
with the alterpative, under some copditions, of waiver of compencation by snch work$
men for aggravations resulting from heing allowed to cantinue in the hazardous
accupation, .

.00 A Taw newly imposing liability 1o compensate for silicosis and other diseases
of slow contraction” should leave a substantial interval for preparation hetween the
date of s enactment and that when it shall take effect; the compensation for such
discases should he R]l(‘t‘i.‘l")’ reduced and limited below what wonld aotherwise he
appropriate unGl the “accrued Nabilities” are worked off,

10. (mnlu nsatian for nuup\tum.\l discases shophd le bsiradle separately from
mmp(nsclmn for accidentsy anel, in the initial s L at least, of a resime of com-
pensation for such diseases as silicosis, the rating practices now imposed upon insur-
ance carriers need to e radieadly madified,
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‘The above program is sound sund would be highly conducive to nccu]n:niml,}l
wase prevention. ]_Ing I 2 not so confident that it would he safe. The pressure is
mez for “liberality™ in compepsation Iaws, Merely a few among a large number
vrohable shight diversions from what [ sngueest would convert compensation for
apational diseases into indefinite health, old-age and life insurance for workmen in
v industries. Fhe cost might ruin the industries, and, at least, would be so
Aleulable as to make the risks “uninsurable.” except on the unlimited assessment
. with all its financial perils and uncertaintics.

In regard to prevention, there are still some practices to be decided upon in
fecting a reaime of compensation {or occupational diseases about which there
vins much doubt. For example: Such a regime will practically compel cmployers,
sving employment, to discriminate against all the ailing or aging—against all
‘ptthe must healthy and robust. That scams to be desirable in occupations when
occupationnl disease hazards are great, Dot is it desirable otherwise?

Again, an ideal common to those of us who cmphasize prevention is to require
prompt remaval from exposure of workmen manifesting the first symptoms of an
apational discase.  But for the clderly or skilled workman the loss of his trade-job

he worse, in every respect, than the danger of continuing his exposure,  1Tow

. <hould such cases be defined and treated and how should the law be framed to
=t or induce such treatment?

Political impatience is the chief obstacle to a just and equitable settlement of the
apational disease problem.  If those thoroughly informed as to this complex sub-

whn have sincerely at heart the welfare of workers could be defegited the au-
Wy to devise a solution, some progress might be made.  But when political
acanda is njected into the situation there s hittle chance for an adjustiment

Jactory to all concerned. The greatest need today is the divorcament of occupa-
al discase legislation from politics or political considerations.

Some Practical Considerations in Dust Control
By J. J. BLOOMFIELD
1qitary Engineer, United States Public I ealth Service, Washington, D. C.

The prevention of occupational discases due to the inhalation. of industrial dust

e

T e

-imarily an engincering problem. Until recently, however, little attention had .

devoted to the contral of dust. accounting for the paucity of fundamental data
e enhject. The consequences of the neglect to furnish adequate protection from
hazards are now heing felt, and the cost is becoming a serious drain on industry.
now well established that exposure to certain kinds of dust, such as thase con-
1ir considerable amounts of guartz, has increased the morbidity and mestality
from respivatory discases; while metallic dusts, such as fead and its compounds,
been assacizated with general systemic poisening of workers. Tt is obvione,
fare, that any serious attempt o control the dust hazard shonld, in time, resnlt
nly in the improvement of the health of workers, but also he of definite econoniic
4o industry. :

Fhe henefits of a preventive program in the ficld of accidents are well known,
Ary ds fast realizing the need of a similar preventive program with respeet to
ational diseases.,

Evaluation of the Dust Hazard

Fhe first step in the evalmation of the dost hazard is the determination of the
ational exposure to the dust in guestion. A typical example of such a study
serve to clarify the methodology invalved.
Cable 1 shows the various ocenpations in a granite quarry and the number of
crs employed in cach occupation,  Drillers are the only persons using pheu-
tools, known 1o, produce considerable quantities of dust.  In other words, 38
ent of the quarry personnel are shown to he exposed to a potentially dangerous
“azard., The occupational analysis at once indicates that the dust investigation

.o
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Table 1—Occupational Classification of Granite Quarriers

Number in Each |

Occupation Occupation
Drillers:
Jeyner oo R e 17
Plug and Jncl\ hammer . e AP 37
Uther quarry cmpln_\'ccs.
Superintendent .. oo i e, 1
Foremen ............. e e e 7
Compressor engineer o.v.eveiienanaan 1
TIOISHNE CNEINCCTS tvt et iienrrencenioneraresnnns 12
Lacomotive CNGINCEr ..vviieerivieeronrannneeaans 1
Lacomative fireman ...oioviiiininiiianann 1
Steam-shovel man ... .. i 1
Crant operator v.ovveveeveeeeeceannenns 1
Derrick men ............. e 24
MUCKErS o i et e, 24
Blacksmiths .............. e 6
Tool bays ............ 2
Water bovs ......... e 1
Machinists ....... 3
Air-line repairers ..o.oovve..... 1
Pipe fitlers o..vviie ittt 2
01 2:) O 142

Table 2——0ccupation:ﬂ Dust Exposurc of Granite Quarriers

| Dust counts
j Numbher in millions
j in cach of particles per
| occu-  cuhic font of air.
Occupation ) pation Weighted Average
Veyner drillers o.ooo... .. . 17 1444
Plug and jack-hammer drillers (qu'\rr) hole)........ 37 1121
Plue drillers (yard) oo eiieiieiiereriieadicnenenes 36.9
Al oth(-r\\-orkcrs._..... ..... 88 58

should especially concern itself with these workers,  “The next slep involves the
determination of the aceupational dust exposure.  Table 2 shows the results of such
a study,

It is apparent in this table that the drillers are exposed to h)gh dust concentra-
tions, especially the Leyner and jackhanner drillers working in the quarry hole.
From a further analysis of the accupational dust exposure of drillers it is pmslhlc.
1o determine which activities are responsible for the dust.  For example, experience
has lm;‘hl us that the various activitics, comprising the processes of most dnsty
occupations e wsually associated with dissimilar (hl\t ¢XPOSHFCS, l“or this reason
it is essential to estimate the unnunt of time spent in each activity in any one ocen-
pation and 1o determine the dust exposure for cach, Table 3 shows the results of
such a study in the case of a Levner driller. )

It will be seen that a Leyner driller has five different dust exposures. A differ-
cutial analysis, as presented in Table 3, vields several valuable findinzs.  Fiest, it
cnables one to obtain a true average dust exposure for workers one aecd in the occu-
|nlmn of Leyner drilling,  (In this case the weighted average is 1444 as contrasted
with 213.4 million particles per cubic foot found during drilling operations only.)
Sccond, it enables one to determine which activity, or activities, contribute most to the
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Table 3—Summary of Dust Exposure of Leyner Drillers in a Granite Quarry

Average

dust exposure Particle-hours

in millions of Numbher of m mitlions

particles per enhic honrs spent in per cubie
loot of air (a)  each activity (hYy  foor (a 0h)

\etivity

Hline oo 2134 4 8334
aneing dalls Loooo oo 98 1 0.8
atehine deills oo oooooo o K0 2 16.0
caching ool Ll 6.0 R 4.5
awing off hales..oo oo L 1.0R3.0 14 2713
Totadbooooo oo 8 1,185.2

'53.2 p.nm]c-hnurs in millions per cu)nc f(m(
B i R _— == 1444 million particles per cubic font

8 haurs

¢ bazard, T0s evideat that the practice of Wlawing off holes by micans of inserting
sessed air line into cach hole i attended with a preat amount of dust; and
hothis activity lasts bhut 13 minutes of the 8hour working day, it is responsible
+ 23 per cont of the total dust exposnre. s evident that 23 per cent of the Leyner
sller’s dust exposure may he at once climiated by prolibiting this practice.  And
<lvs =ueh an analysis indicates the necessity for devoting all one's efforts to the
al of dust during the drilling process, since this activity accounts for 74 per eent
total dust exposure, althouzh a Leyner driller spends but one-half of the
: » day at his drill,

Sodar we have deait with an industry in which the workers, as a rule, do nnt
ance their occmrmrm Ofien workers have had several ocenpations, either in the
fndustry or in several different kinds of establishments. I the worker has heen

BRETYZTY

dast expasure in that industry.  This is impartant from the viewpoint of
ing a worker’s dust exposure and his clinical condition. A typical exiiple is
in Tahle 4.

-

Tzxle 4—Total Occupational Dust Exposure of an Anthracite Coal Worker

Dust concentra-  Millions of
Number tion in millions particle-
of years in of particles vears pet
each occupation per cuhic fnot cubic font

Neeupation
late - d\cr 2 380 700
el 2 71 142
Tafe 3 71 213
ST aborer Lol oL 3 480 1440
IS .. IR 480 7.200
cetit foreman Lo o o L 5 7 33

Totabll 30 . 9.700

720 ==illions of particle-years per cubic foot
e e e 5 326 piions of particles per cubic foot

30 ycars

Do bable §oahie warker's cecupations arve arvangzed in the order of employment,
sl e being his present oceupation, 1t is obvions that had one considered this

“up - tion only, the dust exposure would not have yiclded a true state of affairs,
£

d in various accupations in the industry, it is a simple matter to determine
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nor wonld it have been pussible to corrclate this dust exposure with the man's clinical
pmlnrc In the ahove technic, correct weight is given to the nuamber of years spent
i cach occupation and the dust exposure associated with cach. Only by such an
analysis is 1t possible to arvive at a faic estimate of a3 warkee's dust exposure and
his proper designation. Such an analysis is justiied by the fact that results obtained
with this technic yicld excellent correlations with the clinico-ruentgenological studies
cnn(lndc(l on anthracite coal miners?

Tt s thus apparent that there s more to engineering dust surveys than the taking
of dust samples-and their analysis, Owing to the fact it the making of dust studies
is rapidly bum; adopted in industry, it has scemed necessary to cnphasize the jmpor-
tant factors in such investigations,  Altheuzlt the making of dust counts, per se, 18
not a difficult. procedure, the collection of dust samples i industry and their proper
interpretation should he done by a thoroughly trained jovestigator,  The cexamples
Just given show the value of this technic in the subsequent steps to be taken in the
control of the industrial dust hazard.

Genceral Dust Control Methods

The sdulmn of any mcthod of dust \|1|\1-rc~>l-m will (lcpuul primarily upon its
cffectivencss in reducing a given hazard and its adaptability. A\ farge percentage of
reduction in dust does not necessarily indicate that the method uscd is efficient, unless
tire reduction has actually been sufficient to bring the exposure helow the safe limit,
awl daes not interfere with the industrial np-.mlwn\ invelved.  fu ceneral, there are
four methads of dust control ;s (1) substitution of nondust-producing or harmless sub-
stances ) (2) isolation of the disty apeeation; (3) wating the dust a1 s sonrce;
(1) local exhaust venilation.  ‘These methods may be supplemented by personal
respiratory protection, :

The first method has a limited application. . One example is the use of a nou-
silica parting compound for a silica compound in connection with the inaking of
foundry molds. Table 3 shows that although the use of p.xrlmu C(nn)l'mll(\, i this
particular study, only necessitated an exposure of 3 minutes of the 340 minutes of
a molder's work day (10 per cent), acteally this activity accounted for approximately
58 per cent of the molder’s tetal exposure. It is obvious that the employment of a
parting cumpuund which is not as harmfu! as one composed of free <lhc1 will lessen
the dust hazard in this instance to a um»uicr.lblc exient. '

Table 5~-Dust Exposure of Molders

Average Dust

' Expasurce in Millions Particle-

Time oi FExpo- of Particles ~ Minutes

: surcinminutes  per Cubic Foot  in Millions

Activity (a) M) (a Xb)
Use of Parting Cum]mund . 34 A3.8 3 415
Remaining tasks in muldxn,-_'.. P 412 44 1.813
Pouring . .oivviiiiiiiiiiiiien.. 58 31 180
Dumping molds (' shake- nut ) 16 325 320

Total........ T e 3D e 5,938

%‘)18 nulhon mrtlclc mmntcs

= 110 million particles (per cu. ft.)
540 minutces

In the case of abrasive ceaning with steel instead of sand, we have the example
of the substitution of a substance involving a lesser dust exposure as well as the
use of a material not as toxic as swl? Table 6 shows the nprovement eficeted by
this type of substitution. Not only is the dust concentration reduced from an average
of 969 to 133 million particles per cubic foot, but the potential exposure 1o quartz dust
is diminished from 42-99 to 3 per cent.




tnnual Safcty Congress—National Safely Conneil

j
- jeeduetion in Concentration and Quartz Content of Dust in
/ ‘,;,4} Lms With the Substitution of Steel for Sand Abrasive
X o

et .

p Average dust eoncentration
et woanllions of particles  Pereentape

per cubic foot of Quartz
........................... 4,0 42.08

! . e - 153 3

[N .

o of dust control, isolating the dusty process, possesses many

g penately s ot widely used. The theory undertying isolation
"'| ! gt seurces ta one locality or to a single closed space.  Tn this
L "::.. |"'.,|..| of employees are exposed. At present, many foundrics, dur-
rott! Vot workers who 310rmnlly are engaged in occupations with low
oot Lo pims, malders in a foundry may be expnsed to a dust concen-
Lttt e aneles per cubic foot inder normal occupational conditions, but
ol 0 et Hens are carried on close by, their exposure may he mcrg:\.‘ccd
o “ul e Ihe same c‘tmlm(\n exists when :_\nncnh)]g flasks confaming
! oot b malleable iron foundries, exposing grinders and tumbling
[E : Coet L close by,
o ““ cvample of Bolation of a dusty pracess is the abrasive eleaning
N | “;“ vy aneloses @ h:l:z.‘n‘r!nus process and exposes omdy the blaster who
AT '| witlt a pratective helmet. . The room s also exbausted, which
SR g 1ovencentration, . Processes which are isoiated require good

l\\n-‘

T AN anples of isolation are the automatic turntabie for abrasive
v s and batch-mixing rooms found in some pottery establish-
.

i perhaps the oldest known, is the practice of welting the dust

o example is depicted in connection with the drilling and
" wadite coal mine operations?® Tt s apparent that a tremendous
c oo effected by this method, TIawever, as already pointed out,
gl s attendant with a reduction of the dust to a safe Himit,
4 cweeessfull Tn the present instance, the workers engaged in
L4 to amsafe concentrations of a highly dineerons duste and
L of contralling the dust in drilling operations by dust traps
L ntling and loading eperations involving an exposure to dusts
Lotuning hich amounts of free silica, as in the case of caal or
cnm shown by the nse of wet methods may he considered

‘Wet” and “Dry"” Methods of Rock Drilling and Loading

Average dust comnt in million:

Noa.of of particles per cubie foot
Siiples “Dry” “Wet”
........ .23 68 M
......... 10 636 32

voevhanst ventilation—-is perhaps the most effective, and one

S We eannot disenss here the details of the theory and

¢ wvstems, except to point oot there is a real need for moare

. e Avne condicted Ty DallaValle with reference to the desian
which he has presented in Pabilic Tlealth Bulletin 217, The

. L oelleagues® on he control of the silicosis hazard in the hard
. st example of a scientific approach o the dust climination

. var

e

e e —
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Table 8—Sunmumary of Results Contrasting the Du#t Exposure of Mine Workers
Under Controlled and Uncontrolled Working Conditions

Dust (nnc('nlrnlmn in
millions  of  particles
. per cubic {oot of air
Operation Contralied Uncontrolled l\umrks

e charpe ..., 40 834 nlcsc at Jeast l:> minutes ol npsul after
firing a charpe, miners found to be exposed
to high dust concentrations.

Loading coal or rock.. 32 636 By wetting the loaded material the dust

: count is reduced as shown.

Loading coal ......... 426 291-1138* Mlcchanical Joading decreascs the dust ex-
posure as indicated.

Drilling «...ovveniel, 33 568 Wet drilling is effective in reducing the .

. dust  concentration.  Fusther  reduction
would necessitate exhaust ventilation, :

Hauling coal in mines. 1.2 17 Wetting coal and empty cars reduces dust
in haulageways.
I |cmrmun of cual .24 . 380 Wet breakers rc(luce dust cuums as shown.

e Im\cr u-mh Is fasoc mlcd witis the h:uul I--.ullllg nl wet ﬂ\.ll while lhc hu.her average
is based on the hind loading of dry coal.

It js apparent that there are no sct rules for the mechanical protection of workers
from the industrial dust hazard.  Specific conditions in an industry, or a plant, will
determine the type of protection to be employed,  The present discussion his cmpha-
sized the importance of approaching the problesm from the standpoint of the occupa-
tional exposure.  Studies in representative plants of an industry oiten reveal the
varions methods which may he employed i éontrolling the dust hazard. The follow-
ing two examples indicate the value of such investigations.

Table 8 uuhcatcs the various contrel measures which were jonnd in use in the
anthracite coal mines investigated in the study rucrrcd to earlier. Although no single
mine practiced ail of the control measures shown in this table, by an occupational
study iy several representiative mines it was passible 10 show that methods are not
Lnown and practiced for the elimination of the dust hazard in this industry.

Another example is indicated in the results of a study now in progress in connee-
tion with mercurialism among workers in the hatters’ fur cutting industry. Table 9
“ows the exposure to mercury dust and vapor of some of the workers in this industry

Table Q—Exposure of Hatters' Fur Workers to Mcrcury Dust and Vapor Under
Controlled and Uncontrolled Conditions

Jol.;l \l«-rcur\' L\pmurc
in Milligrams per 10
.cubic meters

()vcup;ni(in bn(unlru]lul Controiled ‘\lclhnd of (nnlrn]
l'ln\\cs 4.6 .. Nunc 1)r.uht(‘(|
Y PETTTITE SN 72 ..

CHILCES  vaevanrensoenesneonnas 4.0 18 [.ocal exhaust
: ventilation
SOMETS vuvevrrvvnonnvnarsnonas 38 1.7 "
HRTTI1TS 2 F a1 12 "
DIPUIIIETS vt vriiiennnneens 2.5 0.6 Segrepation
Clippers . oovivvn.rr. 15 0.7 N
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oder contpolled and uncontrolled working conditions, It is apparent that where
SOt measure of contral is practiced by such methods as segregation or local exhaust
ventilation, a material reduction in the exposure to mercury has heen effected. Tt 18
onr belief that in the case of the blowers” exposure, a reduction may be effected by
meehanicnt enclosure wd local exhaust ventilation, and that the shippers’ exposure
to tiercury vapor may he lessened by o general system of ventilation suflicient to
chanue the air in the store room frequently enough to bring the mercury concentra-
tration tu a tower Jevell  Unfortunately, in the present investigation, it has been -
possible to find a plant in which an attempt has been made to reduce the exposurc
{or these two occupations, )

In some dusty occupations the methods of controlling dust. have not been devel-
oped. o fact, eperations such as removing the cores fraom very large foundry castings,
sand-Blasting, handling of used storage hattery plates, paint chipping, and cadimiumm
axide manuiacture appear to offer no practical means of adequately controlling the
dust generated, Inosuch cases, it is thercfore necessary to furnich the worker with
personal respiratory protection devices to prevent his exposure to the harmful cficcts
of the dusts present. These devices consist of various types of respirators, masks,
and helmets, :

It is important to held in mind the Hmited use of personal protection devices.
Beeause a worker cannot with comfort wear a mask or helmet continuously, such
devices must be cmployed intermittently.  Their usc is gencrally extended to those
cperations where all other methods have failed or supplementary to them, as in
storage battery repair where the exposure to small amounts of lead Dbreathed is
known to be detrimental to health.

Tt sheuld be pointed out that the UL S. Burean of Mines is equipped to conduct
approval tests of respirators used for protection against various dusts and fumes
(Schedule 21). These tests are conduocted against the dust for which the device is
to be used and are rated, not on an cfticiency bhasis, but on the quantity of dust which
actually passes the respirator. The results of a study of masks or heluets of the
positive pressure type, made during the sandblast investipation conducted several
vears anzo by the Tubhlic Health Service in cooperation with the National Safety
Connale showed that the only practical safeguard to the worker inside the sand-
blast room was to provide him with a mask or helmet of the pgsitive pressure type.
In studying the efficieney of such devices it was found that a relationship existed
between the amount of air supplied to the helmet and the concentration of dust
inside the Lelmet during blasting. Vo determine the optimum air volume to be sup-
plicd 1o such protective devices, it was necessary to obtain dust samples from inside
the helmet while varying the air volume, at the same time maintaining the dust con-
entration i the sandblast reom (outside the hehmet) constant. The positive supply
of 6 cu. ft. of dust-free air per minumte will protect a worker under the operating
conditions now in practice in <and-blast rooms. The ultimate criterion of protection,
however, 38 the reault of dust determinations of the air within the hehmet, that is, the,
air actually breathed by the worker and not the volume of air supplied.

Ton much emphasis cannet he stressed on the necessity of maimtiining in good
order the personad respiratory deviees for the profection of the worker against various
toxie dusts, Maintenance of exhaust ventilation systems, and other types of protec-
tive cquipment, should he a role i industey rather than an exception, oo often the
tevm Meond honsekeepineg™ has been interpreted as signifying only the periodic removal
of dust collected on floors, ralters, ete. Althoneh suely practice contributes (o the
peneral state of clambiness of woworkroom sad shoubd always be i foree, the time
hae surely come when serions attention should be piven to the installation and rivid
anintemanee of atl gvpes of Jdna conteol deviees. In every plant there should be
some responsible individual charped with the periodic inspection of all workrooms
as to sanitation, ventilation, and maintenanee of 2l dust removal and other protective
devices.  Darhaps the beat erviterion of the eficetiveness of these devices s the
peviodie determination of the dast content ol ahe aie at the workers' lneathing zone,

mly by constant vipilanee wuld an approach to the problem as oatlined in this paper
may one hape to ke progress e the conteol of the daat hazavd in indudry,

Often the Lonefigs of even o ot estennive program of dost eontrol are not
vimiediately realized, Phic s eqpecially tone indealing with ibrosis produeing dunts
m phints where some of the worlmen have abvedy dnhaled sutlicient quantities to
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cause disability. However, in dealing with such dusts as lead, cadmiun, and mercury
compounds, control measures may produce salubrious results in a relatively brief
period. T is difficult, becanse of lack of sufiicient reliable data, to indicate here the
cconomic benefits resulting from a prucnti\c program of dust.control. It has been
estimated by Dean K. B run(h"c statistician of this office, that the minimum expectancy
i savings to employer and cmployee fram an indicated reduction of the accident rate
and of the time lost on accomnt of illness (or un cquivalent reduction in mortality),
demonstrated as attainable, is £20,000 per year per LU00 ciiployees. And this estimate
is for plants whose dccident rate is considerably below the average, in which there
arc no occupational health hazards,  In plante where hazards are known to exist
the savings should be far in excess of this concervative estimate. When one realizes
that in this comntry there are approximately 13 millicns of workers engaged in mung-
iacturing, mechanieal, and mineral industries, then it is evident that the magnitude of
the problem has not heen overemphasized.
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Silicosis and Silico-Tuberculosis
Medical Problems of an Important Industrial Discase

By EDGAR MAYER, M.D.
l
New York City

A hidden clement of the cost of production is industrial discase.. Industry has
reached a stage beyond the coneern only of wazes and hours.  Far more imporiant
is conservation of man power hy preventive medicine wud  dmproved enzineering,
I)N.N' |nrc\um\c measures are not @ ocost, hut, in the long ron, a grat ccononic
saving.

Incidence.  In the United States it bas bheen computed that there are from
00000 to o 1,000,000 people employed in occupations where s silicosis hazarvd exists,
In New York City there are about 63,000 soch employees, Inoanopresentative group
of granite workers in MasGichnsetts licosis alone wis present in about 15 per cent
and silicosis complicated with twherenlasis in almost 8 per cent. Toberenlosis was
the cause of death in over one-third of ﬂu- sranite winhers which is Jonre times the
mcidence for males of 20 years and over in s comry. o Somdry men stidied
in Massachusetts, silicosis was less frequent cabont @ per cent) and less advineed
in degree tum in pranite workers,  The dapation of espoare o foundry workers
with ]m('nnmm-rnniu-i\ has averaged NENY e ACirs than tlent nqniull 1o procduce
\rhwsn m an indusry sueh as pobl mining. The toberendosis hazard o foundries”
is nearly as preat as that reported fnr some of the ather dinty trades, bt the
fipnres are mpeh lower than those of winers of pobd, <ilver, coppaer and Tead, amongs
whonm the mortality from tuberculosis 1s 8 to 18 times the pencrad evpectaney. Death
vates for all non-tuberewlons infections have been reported hivher among workers
in siliceous dusts thim in the general popubition, 1t is suppeested that the worker

in silica snccumbs more often to acnte puleairy infections raber than sarviving
the chronic fibrusis.
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Siticosis is defined as a |\llh(l|(l"lC condition of the angs due to the inhalation

Glica, whether free or combined in such 2 state as to he capable of setting up its

cacteristic pathogenic effeets. The principal factors that determine the incidence

Slicosis are (1) the percentage of free silica in the inhaled dust; (2) the con-

cation of sthica particles Tess than 10 micra i diaimeter i the .llmmph(rc, (3)

duration of esposure to the dust, and, (4) the susceptibility of the individual
oeed as wodificd by age, complicating infections, ete. The ovcupational disease
aalting from such inhalation has been defined as “morhid results of occupational
Sty traceable to specihe causes or labor conditions and followed by more or

extended fncapacity for work.”

Metebolism of Silica,  Significant amounts of silica are present in all bady
aes and flaidss Tt enters the bady through the digestive tract and the luies.
tof that entering the stomach is climinated in the stools, but a faicly larpe

amt is absorbed into the blood as shown by the constant excretion of silica

urine. Al vegetable foods contain silicon especially the huolls of grains, bay and
sw, The ow silica content of the liver, spleen and kidneys imlicxlm the little
tion of the absorbed silica in the body.  Silica content of the urine of animals

be influenced at will by diet. The body possesses a very efficient mechanism
the disposal of silica because of the low kidney threshhold.  Silica enlering
lungs in particulate form is cxpectorated in part with its enveloping cells, but

@oof it is carricd into the pulmenary Iymph channels.  Many such particles reach

lymph nodes and even the spleen by way of the bload,  The finest particies

ever, may be dissolved in alkaline body fluids and carried away in solution, to
~xereted in the urine.  There may be a constant drainage of silica from the

- through the inhalation of extremely fine particles of silica in dusty atmospheres,
~mall that they are not scen under the microscope.

Attempts to influence the absorption of silica from the lungs by administration
cali have been inconclusive,  FElimination of silica by way of the sputum from
is having deposits of silica in their fungs appears to he higher than those
G na history of exposure to dust. Only small amounts of silica are i the
Vand this level s ittle different i normals than in silicotics.

Pathioloay.  This_discase is essentially a fibrosis of the hngs developing espe-
v osuch industries as hard-rock metal mining, granite cutting, metal grinding
s sand-blasting.  The pathological changes are believed to result from two canscs,
eking of the lung lymphatics by mononuelear cells laden with dust in adidition
e action of colloidal silica, the exact nmature of which is in doubt.  The small
icles under 10 micra are the only ones capable of penctrating the lung tissue.

Although silica plays the dominant role in the production of silicosis, the ad-
sure of other dusts tends to modify the pathological changes i the lungs so
: these resemble then those of other forms of dust inhalation, and the madification
rs some relation to the percentage of free silica i the mixture.  Silicates, as in
cstos, produce a definite change in the lung, as well as other dusts such as
shle, coal, cte. Such changes are represented by a fibrasis brought about because
sdively inseluble minnte particles of mincrals in sufficient  concentration  have
1 hreuaht by the activity of phagoceytic cells into intimate contact with the
srenary connective tissue. CThis fibrosis is a diffuse cellular one that occurs in

walls of the smaller bronehi and of all their finer divisions and extends o

tve the supporting connective tissue of the adjacent blood vessels and to some

at also the walls of adjacent air spaces. However, when the great majority of

Znh.nlul particles are composed of or contain silica, there develops, in addition, a

e and localized type of fibrosis called the silicntic nadule—an orderly whorled
sngement of cells and fibres, and with sharp definition from the adjacent paren-
ma. Many duasts create i zeneralized fibrosis hut only one, namely one combined
Hosilicon dioxide produces the special filrosis of silicasis.  Sericite, known as
‘e micit, which is a hydrated silicate of aluminum and potassiuni, has not produced
~aimal experiments the silicotic nodule, but instead l,(ncr.nhlul fibrosis resulted.
Dusts must he differentiated into those which are chemic ull\' actizve and those
b ars inert when inhaled into the respiratory trict. Silica is a chcnm ally active
which must necessarily be soluble to a degree in the m:l\ Auids and its activity
suls e its solubility, This activity which is manifested in the areas where dust
“ches are carried along the Iymph stream by phagocytes, causes lesions of two

o
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types, “toxic” and “sclerotic” both of which have been reproduced experimentally.
Toxic lesions depend upon local necrosis and slow death and appear to favor the
arowth of tubercle bacilli; the sclerotic lesions produce the nodular fibrosis.  The
juert dusts are insoluble in body fluids and cannaot exert chemical action in the Jung
tissue, but if they accumulate to a marked extent their cffect is mechanical which
may lead to a certain amount of diffuse fibrosis around the dust deposits. Certain
dusts, such as car bon, may have physical cficets, llu: may adsorh toxic substances
and 1t hias bheen snugulul that on this basis there is a nl.llncl\ lower incidence of
active clinical tuberculosis in silico- :mlhr.lc”lus than in silicotic lungs.

Other dusts may even protect, as in the case of certain clays, eypsum and
aluminum oxide.  Pure pneumonoconiosis miay be only a laboratory discase, as the
pulmonary fibrosis of workers in dusty trades probably results from the combined
action of dust and infection, whether it he tuberculous or not.

In silicosis it is not the mincral particles that are breathed in during life that
record the canse of discase, but the particles that have been dissolved.  Risk
to work, cfficiency and health may be greatly accentuated through the inhalation
of finely divided mrlnclu cven of a Lhcuuc.\ll\' snactive dust when there has occurred
a lymiph stasis which is known to follow exposure to silica.  This ly mphatic blockage
leads to retention and accumulation of the inert dust.  In soit coal miners wha
act what is called “miner’s asthma”™ we have this accumulation of carbon,  Such
patients arc very liable to have a high incidence of bronchitis with mcclnnual and
physical changes due to retention of anthracotic dust.  Furthermore, wmeqguivacal cases
nf silicosis, with or without tuberculosis, can no longer be doubted.

Tuberenlasis. Moxt apical tuherculosis is acyuired heiore the age of 25 and so
silicuais at the age of 30 makes a previous tuberculosis more ser jous. Most warkers
with tuberculosis guing into the wines before the age of 30 die of tuherculosis by
the age of 45, The silicotic develops a sputum lh.'lt contains tubarcle bacilli late
in life and the children who are contacts with tubercular silicotics develop very
little clinical tuberculosis. It is impossible to say definitely that tubereulosis engraits
iself upon the silicotic or vice versa, for we sce apical tnberenlosis in silicosis
that spreads downward, while other silicatics show only the tuberculosis in the
lower lobes, It has heen found that maost sihicotics die of tuberculosis,

The dingnosis of silicosis is made primarily on two fmdin"s the proper history
of occupational exposure to siliccous dust and the presence o almormal shadows on
the pulmenary NX-ray. The physical examination and the patient’s symptoms are
of less value. There are other dingnostic aids such as the finding oi farge quantitics
of silica particles in the sputum, quantitative determinations of silica in urine, and
at post mortem, chemical analyses of the lung ash supplemented by petrographic
examiion, racntgen-ray spectrum analysis and special meinerating stinlics of Jung
tisswe, \We mmst at times rely on the pathologist to determine the amount and
distribution of fibrosis due to silica amd jrom microscopic studies give an opinion
en the importance of this fibrogis as the ultimate cause of discase anl death,

Lung fibrosis may be present without amy silica.  Silica may be present in
Jung tissue or the pulmonary lvmmph channels without asseciated fibro IFinely
divided siliccous particles from hang tissue may contain imacuons  silicate which
canuot he distingnishied from harmful silica particles,  Hydrated silica which s
not donbly  refractive comot be  demenstrated  with prisms. Thereiore in the
pathological section the presence of siliceous fibrosis can be suspected but cannot
e specitically identified with the siliccons material that it may_contain, Accordingly
the microincineration method of Trwin with hydrochloric acid is now included in the
microscopic examination of any lung as a weans toward a surer diarnosis,

Diagnostic difficulties in-clinical mudicine may be more obvious if we examine
first the occupational history, ()u’uu erinders \\anim: wder conditions of muassive
expusure may develap silicosis in '\culc form even in a period of months, whereas
in other occupations it may take 23 years. Waorkers in the same industry, indeed
in the same room, experience difierent desrces of exposure dependont upon pcxhnps
the dust-filterimg capacity of the nose and functional condition of the hm',' as deter-
mined by constitutional characteristics and antecedent disease.  ‘The size and col-
loidal structure of the particles of silica, as well as the dosage and total amount of
dlica, will influence the rate of development of the discase.  Apparently particles
that “ae Targer than 10 micra are not phagacytosed in the hing,  So a definite
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The session was called to order by Chaivman, Irwin W, Millard, president, + [

l
E WEDNESDAY AFTERNOON SESSION A8t
[

. N - . . . v . . . . ‘I h
] Industrial Gloves Corporation, Danville, 10, Chairman -Mitlard mentioned some ot L DA
l the problems of providing adequate safety equipment {or industry. ;
i
i Respiratory Protective Devices
(An interpretation of the U, S. Bureau of Mines, Schedule 21) ]
; By CARLTON E. BROWN, Chemist, and i&f
W)
! .. . Vo
WILLTAM P. YANT, Supervising Chemist O
Ea. ¥4
;' Gas Section, Pittsburgh Experiment Station, Pittsburgh, Pa. ATy
: . R4
. o I'he respiratory protective devices of industriat hyeienic importance arc those 7
: desiened to protect aeainst the inhalation of harmiul solid, gaseous, or Hquid atmos- .
i pheric contiuninants, or the inhalation of air deficiegt i oxyegen. S
| The devices in conunon use arc the mechanicat filter respirator (commonly re- 'i .i‘
l ferred to as respirator) for protection acaiust the inhalation of dusts, smokes, fumes, X254
i and mists or what may he referred to collectively as aunospherie particulate matter: ‘,:{;‘. ?
} was masks for protection against the inhalation of gases and vapors; oxyveen breath- 2}
e apparatus, hose masks, and air-line respirators for protection against the inhalation y %
. . of any atmosphere provided it docss nat contain barminl eonstituent which can be yo
“ l absorbed readily through the skin: and the abrasive blasting helmet or bl for pro- g' 2
: tection azuinst the iniadation of and the impact and abrasion from the annospheric g
: particulate matter generited in <and blasting or abrasive blasting witht steel shot, f“:.“ "
! Fhese devices are desiancd 1o furnish protection either by making the wearer's 3

inspired air sade to hreathe or by supplying the wearer with safe air from a supply
whineh he carries or from outside the contaminated zoue.

The wearer of the first or air-puriiving type, o inspivation draws air irom his
inunedinte surroundings throngh the device which either removes the contaminant,
usually by chewical or wechanical filtration, or converts it imo a harmiess substance.
This type, of course, offers no protection against atmosphieres deficient in oxygent as
: it does not add oxvegen to the air.

There are two types of respiratory protective devices of the sccond type designed
to supply the wearer with safe air.  In one, the wearer receives his air supply {from a
evlinder of compressed axyeen, liquid oxyvaen, liguid air, or from a chemical which
vields axveen upon decomposition. This air supply is part of the seli-contained unit,
alt of which is earried by the wearer.  In ‘the other type a hose, attached to a face-
picce, is connected o a compressor or blower whose intake is located in sale air.  Air
is forced through the hose to the wearer.

Note: Dublished by permission oi Director, U, 5. Tureau of Mines. (Not subject to enpy-
right.) .

——
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here s some confusion in the use of the term “respirator,” to designate devices
~ateetion against the inhalation of atmospheric particulate matter,  Such devices
e first and for a leng time were the only respiratory protective devices, They
ingically called respirators, and as long as they were the only devices of this
here was no confusion, The (lc\(lnplnuxl of other devices of industrial hyveienic
“amee and the development of devices for mamtaining artincial respiration over
criods and for enabling men trapped in submerged submarines to rg.uh the sur-
dely, all called respirators, was ruspunxihlu for the confusion.  The Dureau of
suRpests that the term “respirator” he retamed for all of these deviees, hut
spiratory protective devices of industrial Livgienic importance he catled indus-
espirators and that the different kinds of industrial respirators he assigned a
hieh will indicate their operating principle or ficld of use or hith,  Satisfac-
ames in common pre shonld be retained, On this basis, the Bureau of Mines
's the Tollowing classification for respiratory prulcdnc devices of dndustrial
i importance::

Industrial Respirators

mlied-Air Respirators

“elf-contained type

1) Oxygen breathing apparatus®

ifnse type

‘1Y Hose mask

2y Air-line respirator®
Abrasive blasting respirator”

Purifying Respirators

“hemical filter respirater?

1Y Acid gas or type A” chemical filter respirator

’) Organic vapor or type BT chemical filter usplr'\tnr
Ammenia or type C° chemical filter respirator

!,, Carbon monoxide or type D chemical filter respitator

frchanical filter respirator?

1y Dust or type AP mechanical filter respirator
Fume or type B2 mechanical filter respirator

i Mist or type C? echanical filter vespivator

emical and mechanical filter respirator®

and Approving of Industrial Respirators by the U. S. Bureau of Mincs

“its organization the U. S, Burcan of Mines has been interested in industrial
s« as a means of protecting workers in the mineral industry against harmfal
siec contaminants. To this end the Bureau has develaped an approval system,
-cx of which are: (1) To encourage and aid manufacturers in the develop-
marketing of safe and suitable cquipment: and (2) to encourage the con-
- use such cquipsnent, to aid him in obtaining it and to instruct him in its
tiose purposes are aceomplished by establishing a schedule of the material and
ace vequirements that a safe and suitable device shonld meet; hy making
tests for conformance to sucl a schedule; and by informing the lml»hc of the

crmes eallsd mine sescue hreathing appuatus,

wrbmes called  paint-sray vespirator or positive pressuve  respivator,

rrimes called sand-blact helmet or hoed,

aonly callell gras suack,

v assipnod o canisters ol ciemical filter sespirators. See 11 S, Bureau of Mines
rhed. 1D, Procedure for Testing Gas Masks for Permissibility, 17 pp., 1935,
smenly catled respirator,  Somcetimes wefevred to as shust respirator or mechanical
respirator, .
cere assipgned to mechanical flter respiarator filters, See U, S Tureau of Mines
dhed, 21, Procedwie fop Festing Filter Type Duat, Fume, and Mist Respirators for
v, 1 pp 1934,

devices now aefened 1o as Type N oor Al Scivice Gas Mask and ihe chemieal
wepsrator fal) under this heading.

Zil e ytis ¥
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advintages in the use of devices hearing Durcau of Mines approval. 1f the device is

- found by examination and test to meet the requirements of the schedule the Burean of
Mines pives the manufacturer a certificate of approval which he may display as evi-
dence of the quality of his product. The approved devices are marked in a manner
which clearly distinguishes them and indicates the purpose for which they are ap-
proved and the Imitations wvder which they may he used. As an aid to the con-
sutier, the Durcau of Mines periodically issues a list of the devices which have met
the requirements. ) ‘

The submission of cquipment is entirely volitary en the part of the manufac-
turer.  On making application for tests, the manuiactorer deposits a fee which s -
turned into the miscellancons receipts of the treasury of the United States; none of
the money acerues to the Burcau of Mines.  The approval system is mativated en-
tirely by the desire of the manufacturers to produce and market good equipment, the
interest of the Burceau of Mines in having safe cquipment available commercially, and
the demand of the consumer for such equipment.

Approval schedules have been issucd for oxygen breathing apparatus,® chemical
filter respirators or gas masks,® hose masks® and mechanical filter respirators,® The
schedule covering hase masks is being revised to inclide the otlier kinds of supplied-
air respirators, namely, air-line and abrasive-blasting respirators. When this revision
is completed, the Burcau of Mines will have approval schedules for all types of
respirators now in commen use.  The approval system undoubtedly is largely respon-
sible for the development of fundamentally safe and suitable devices, and the climina-
tion-of confusion in their selection and use,

The general plan of the various schedules is similar, The requirements may be
divided into 3 parts:

(1) Pre-test requirements, or those with which the manufacturer must comply
hefore exnmination and test of a device will be undertaken.  [For example, tho
respirator must be in a fully developed form ready for market and available for pur-
chase #f approval is granted.  Also, the manufacturer must be prepared to test and
maintain control of the essential characteristics of his device by a miethad which micets
the approval of this Durcau. .

(2)  Material, construction, and periormance reyuirements which the cquipment
must meet by examination and test. s

(3) Post-test requirements, or those with which the manufacturer must comply
after the device is approved.  From the viewpoint of the comsumer the maost important
of these concern labeling and marking, provision of adequate instructions {or proper
ise of the device, and maintenance of design and quality of the product marketed under
the approval.  As a cheek on the Iatter, the Bureau of Mines obtains spmples of the
device an the open market and subjects them to the various inspections and tests of
the appropriate schedule,  The Burcau reserves the right to withdraw its approval of
any device for cause. :

Interpretation of U. S. Bureau of Mines Approval Schedule 21, Procedure for
Testing Filter-Type Dust, Fume, and Mist Respirators for Permissibility

Among the reasons for the development of Schedule 21, Procedure for Testing
IFilter-Type Dust, Fume, and Mist Respirators for Permissibility, was the realization
by the Bureau of Mines and others that there was a definite need for mechanicad filter
respirators to protect workers against harmful atmospheric particulite matter in situa-
tions where hetter methods of control of dust production and removal were cither not
available or practical, the mefliciency of existing mechanical filier respirators, and

' Burean of Mines, Pracedure for Establishing a List of Permiccible Sell-Cantained Osavgen
ieathing Apparatus; Fees, Character of ‘Fests, aml Condition Under which Mine Rescue
treathing Apparatus will be Tested: Schicd. 1IN, January 20, 1930, 12 .

. T Basean of Mines, P'rocedure for Testing Gas Masks for Permissilabty: Schal, 1D, May
9, 1S, 17 pp.

Y Purcau of Mines, P'rocedure for Testing Hore Masks for Penmissibility: Sched, 19, Apmil
R0107, 8 pp.

! Bureau of Mines, Piocedure for Testing Filter-T'ype Dust, Fuute, amd Mist Recpiratms
jor Permissibility: Schol. 21, August 20, 1934, 14 pp.
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< from manufacturers and consmmers that this bureau test and approve such

‘Iu-lnlc_ 21 follows the general plan of the other burcan approval schedules for

il xc~1m ators: the pre-test and post-test requirements are mnlc similar, and
—veral principles of fh(_ test reguirements are the siune, The primary purpose of
~aper s to explain the reasons for the various test requirenients,

Pre-Test Requirements

The pre-test requirements of Schedule 21 require that the manufacturer subuit
saation, drawings, and clmplc: nf the device to he tested. The device must be
Cictely developed and ready for release o the public, and the device when tested
"'.c manuiacturer or his agent nur;l have passed tests of the nature described

chedule 210 The reasons for the third requirenrent are: (1) To assure the
aun that the manufacturer is prepared to control the filtering ‘characteristics of
"\~y-)r.\!(\r (2) to climinate any (|ucslmn of competition with private consulting
cies i developing respivators: (‘4) to furnish cvidence that the respirator really
cady for release to public market: and (4) to save the manufacturer’s and the
cau's time. After the manuiacturer has complicd with all the above pre-test
iements he must submit a fee for the examination and test of his device.

fee 1s turned into the miscellaneons funds of the U, S, treasury and none of
sweney reverts to the Burcau of Mines,

Test Requitements

In developing the tests for mechanieal filter respirators consideration was ziven
tn the ccnuml requirements for a safe and suitable device,  These requirements
similar for all types of industrial uwn.xlors The respirator must (1) gaive
quate protection, (2) be reasonably cominrtable and physically convenient to
v, and (3) provide an acceptable service life,

Adegnate profection ymnties that the mechanical filter respirator when properly
Stamel and woern muest prevent the wearer from hreathing  enouzh particulate
“er to cause a harmiul phivsiolozical response under the conditions of occupational
~sure for which it is desiened o he used.

Ceomfort and physical convenience factors are equal in importance to adequate
rection,  Even though aware of the ultimate serious effect which will be produced
4 pralanged daily exposure, worknwen are inclined to be diftdent and unwilling
Wice much daily inconvenience and discomfort from the respirator,

Pacumbrance and  disce mfnrt also increase fatigne, cause distraction, and in
~al lamdicap the wearer’s ability to take care of himself, thus inercasing the
ibility of accident. Dmpertant specifie items_include the weight of the respirator,
carriage on the face or head, cficet on vision, heating of the area of the skin
e the facepiece, nability to (\pcnlm ate, difficulty in (.l“\ll\Q, and resistancee to
sthing, The hoportance of comiort and pl)_\_\:ull convenience cumat he over
Srabedl

The service life involves elements of practicability in the we nmq and maintenance
he device, and indireetly the safety.  This type of respirator is primarily not an
reency device. but a part of the workman's cquipment for doing his regular job
iv. I the serviee fife 12 short, the bother of chanzing of filter clements will
reflected i the workman's attitude toward good maintenance and use,

AN mechanical filter respirators are subjected to certain inspections and {ests
they mst fulfilf certain requirements. The general design aned construction,
newlarly as to facial fit, freedom from drvitating facial contacts, woeinht, effect
vision and the wearing  of gozedes, and case of changing filter clements, and
wined. The materials are examined 1o determine if they are obviously suited
the purpose for which they are designed,  Rublier pacts which cesne i contact
i the skin must not contain any skin-irritating constituent,

.Resistance to Air Flow Requirements

The reguirements for resistance to air flow are the same for all approved me-
aieal filter respirators, A\t no time doring ot after the filter efficacy testing period
st the "resistinee to air being drawn through the device at the rie of 83 liters

Pyt
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(3 culie feet) per minute exceed 50 millimeters (197 nches) of water column
height or the resistance to air being blowu through the dcucc at the same rate
of How C\Cud 25 millimeters of water column height.  An air flow nf 85 liters
per minute is approximately equivalent to the respiratory rate of a man doing heavy
work.,  The amount of particulate matter pulled to the device during the hlter
cfficacy tests is roughly equivalent to the amount that would be pulled to the filter
by a \\ml\cr wearing the mechanical filter respirator in a moderately concentrated
sispension of the particulate matter during an 8-howr periond. Thus resistance o air
flow o an approved mechanical flter respirator should not heeome excessive when worn
for an 8-hour period in most suspensions of ..'mmphcru. particulate matter cu-
countered in industry. The manufacturer is reaisiood 1o give mstructions on cleaning
ar changing the filter clements when the ressiine tr low noticeably incraases,

Direct Leakage and Man Test

All mechanical filter respirators are subjected t a dircet leakaze and man fest
to determine facial fit, whether there is any direct feakagze of wnfiltered air, and to
ohtain information on the comfurt of the device. Three of the mechanical filter
respirators are worn for 30 minutes by 3 men with different factad deatures in an
atmosphere containing a heavy suspension of hituminous-cal dust. At the e of
the periad the respirators are rémoved and that part of the face covered by thd
facepicce is examined for cvidence of any leak wnder the olee of the facepicee. Sticks
d millimeter thick were wedged under the edges of the facepicees worn by subjects
A and € o cause the leaks. The focation and approximate margnitude of the leaks
arc shown by the hlack streaks on that part of the face cnwered by the edges of the
facepicees.  The nasal passages aud sputum of the subjects are also examined hefore
and after the tests.

Filtering-Efficacy Tests

In the development of the ﬁltcrm'v-c.fﬁnm tests, particular attention was given
to the physical properties, especially marticle size, oi the significant kinds of atmos-
pheric particulate matter encomntered in mdustr_\. . Previous studies of filtering
uttterials had shown that, in general, filtering efficacy decreases with a decrease in
particle size.

Tt was decided that most of the siznificint industrially generated atmospheric
particulate matter could be classificd into the' fallowing three groups in accordance
with mcthod of gencratinn, physical state, and particle size:

1. Mechanically generaled dusis rcku‘lm" fram the (hsmtc"r'\hnn of :\ solid,
sach as the dust clouds prodnced in the varviaus processes nf mining, quarrying and
timneling and the grinding, crushing, and general processing of solid materials.
This type of atmospheric particulate matter is referred to as Type A atmaspheric
particulate. matter and mechinical filler respirators designed to furnish protection
against these suspensions are_referred to as Type A mechanical filter respiratars,

2. Fumes of various metals (uspally their chemical compounds, as oxides or
carbonates) such as lead, mercury (except mereury VAPOr) MAanganese, magnesium,
aluminum, antimony, arsenie, copper. chromium, iron, cadminm, and zine resulting
from sublimation or the condensation of their vapor, or from thc chemical res 'liuns
between their vapor and gases.  This type of atmuospheric particulate matter is re-
ferred to as Type B 'muoq»hcnc mrtuul.ﬂc matter and mechanical filter respirators
designed to furnish protection agaimst these suspensions are referred to as Type B
mechanical filter respirators,

3. Mists as produced by spray-coating with paint and vitreous enamels, chromic
acid mist as produced in chromium plating, and other mists of materials whese
tiguid vehicle does not produce harmful gases or vapors. This type of atmospheric
particulate matter is referred to as Type C atmospheric particulate matter
mechanical filter respirators designed to furnish protection against these suspensions
arc referred to as Type C mechanical filter respirators.

The mechanically generated dusts and fumes consist of solid particles while the
mists consist of lLiquid or liguid-coated solid particles,  The particle size of me-
chanically gencrated dusts extends over a wide ranue, in some cases, from particles
visible o the naked cye probably down to molecular dumnsmns. The range in
pacticie size of fumes is much smaller, The upper limit is in the lower microscopic




age (about 0.5 micron), while the lower Timit prohably  approaches meoleenlar
aensions, The particles of some finmes, |a.nlunl.ul\ zine amd maenesiom, readily
aoand form faree flocklike clusters, The effect is least pronoumeed o the case
lewd, Mist panticles are spherical and probably more uniform in particle size than
seoof dusts and fumes,

Stspensions of cach of the types of industrially-generated atmospheric particle
atter were selected for use in the filtering-efficacy tests. These suspensions were
wosen on the basis of their industrial hyuwicenic sipnificance and their physical
opertics, such as particle-size distribution and tendency to aggregate, which have

appreciable effect on filtration, 1t was desived to test the mechanical filter
irators azainst the most conmon or  wide spread harmful suspensions of cach
W lln‘ test suspensions to have physical properties, such as particle size and
cregation tendency, which would render them as difficnlt to ranove by filtration
:m_\' other suspension of the samie type. The test suspe nsions sclected are:

{a) For testing Type A mechanieal filter rupn'.\l()r\ or those designed to
-nish protection against mechanically generated dusts a suspension generated from
ry fine (99-4- per cent through 325 standard mesh ciuc) silica (lu'~'t consisting of
; per cent free silica (810.) is used. lhc suspension is generated insuch a way
at all particles larger than about 3 nncrnm are rcm(n'cd hefore the <mlun<mn
wers the test chamber, The particle-size distribution of the test suspensjon must
t exceed a geometric mean of 0.6 micron and a standard geometric deviation of
€. The particle-size determination is made hy collecting <amplcs of the suspension

the Owens jet dust counter and determining the puhclc size distribution by a
wroprajection method developed by the Dureau of Mines®

th)  For testing Type B mechanical filter respirators or those designed to
rnish protection against fumes, a lead oxide fume generated by the combustion of
tural gas comtaining lead 1(‘lracthyl saper 1s used. The particles of this fume are
tremely small and have about the least tendency to aggregate of any fume, hence
ey are very difficult to remove from the air by mechanical filtration. A suspension
magnesium oxide is also used to determine the effect of a fume, whose particles
agercegate in large clusters, on the resistance to air flow of the filter of the

vice.

{¢) Yor testing Type C mechanical filter respirators or those designed to
roish protection against mists, three different suspensions are used.  Chromic
#1omist generated by clectrolyzing an aquenus solution of chramic ac i, as is dane
industrial chromimm plating: fead paint mist generated by sprayv-coating with lead
aity and a awater mist mrr\m:: silica dust penerated In' \pr.nm" a 2 per cent
‘cons sugpension of silica dust are used. The water-mist carrving silica dust is
~d o simulate the mists gencrated in spray-coating with vitreons enunels,

The concentration of the particulate matter in the test suspensions was chosen
represent more or Jess the higher concentrations found in mdustry,  Sinee the
aventratiom of mechanically  generated dust found i industry  varies over such
Jde Bimits it was decided to test Type A mechanical filter respirators against two
acentritions: one to represent the more or less average dusty industrial condi-
as, and the other to represent very dusty conditions.

The complete mechanical filter, respirator s tested on a mechanical testing
varatus. The test suspensiom is pulled thraneh the device at the rate’nf 32 liters
A3 cubic feet) per minnte, continmons flow,  The volume of air pulled thrnuLh

mechanical filter respirator is 10 cubic eters in all cases except in some
oagainst particular kinds of suspensions as mechanically generited lead dusts
tian the high-silica dust-concentrittion test and the mv-ncxnnn oxide test whose
snary object i to determine the inerease i vesistance ta air ﬂu\\ of the Glter
th the amount of particulite matter retained. “Ten cubic meters is approximately
sivalent to the volume of air bredthed by o owarker in 8 hours. The samples of
rticalate matter for concentragion  determinations are  precipitated - electrieadly
an the air of the test suspension both hefore and after it Jis passed throunh

mechanical filter respivator, Vhe sanmples are eollected in containers which
< be weighed readily on an analytieal balanee. For reasims of convenience, speed,

eovine C 0 FD el Yane, WL 1L Phie s Micrapiajector for o Dietonmising Tasticle Size
st ol Numbes Concentration of /\lmml'lntlu Dudas, 18 Bean of Mines Repont
fuvestsutiiony 8289, 1935,
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and accuracy the samples of silica dust are quantitated by weicht rather than by
count.  Samples of the other particulate matter are quantitated chemically,

The requirements as to the amount of particulate matter that the mechanical
hlter respirators must remove from the air pulied through them is hased 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 knowl-
edee on the physiological cffects of industriadly generated atmospheric particulate
matter.  In other words, the filtering-cfficacy requirement is that the air inhaled by
the wearer of such a device must be safe to breathe, and not that the device have any*
particular percentage filtering eflicieney.

Mcechanical filter :cxmr\lnr; are ot approved for any substance more harmful
than the particulate matter in the test suspensiom against which they are tested.
Thus Type A respirators are not approved for any substance more harmful than
free silica ($10:) dust.. However, Schedule 21 provides for testing and approving’
mechanical filter respirators against any kind of industrially generated atmospheric
particulate matter.  VFor c\’mlplc T\pc A wmechanical filter rcxpil.nlnrﬁ arc not
appraved for protection against poisoning by Dbreathing dusts whose main harmful
constituents are metals or their compounds. ]lu\\cwu two mechanical filter respira-
tors have heen submitted and approved for protection against the inhalation of
wechanical gencrated lead dusts.

Table 1 summarizes the details of the filtering-cMicacy tests and lists the me-
chanical filter respirators which have been approved to date.  (Pages 140-141.)

Post-Test Requirements

The manufacturer of an approved mechanical fiter respirator is required 10
mark his dcncc with the name of his company, the name letter, or numbher by which
the type is designated for trade purposes, and the approval number assizned to the
device by the Burcau of Mines; and the filter vnit must he marked with the approval
number and with the type or kind of atmospheric particulate matter for which it
is approved.

The mechanical filter respirator and replaccment filter units must be provided
with substantial and durable containers.  Copics of the approval labels issued to the
manuiacturer by the Burcau of Mines must be attached to these containers. The
approval label gives the approval smmber, shows to whom the approval is issued,
states what the device is and is not approved for, and cautions the wearer ‘to jollow
the manufacturer’s mslrnch(mc for the use and carc of the device.

The Tullowing is a sample of the required instructions furnished by the manu-
fucturer.  These structions are similar for all of the approved mechanical filter
respirators.

Instructions for Use of Mechanical Filter Respirator

I. Respirators will not protect unless placed on the face properly cach time
they are worn, Carclessness in face-fit means dangerous leakage., In peneral, a
hetter it i< obtained 3f the mask is worn not too high on the nose.

2. To it the respirator to the face hold the respirator, exhaust valve pointing
downward, by the metal serew connection with cither hand, and hold the headstrap
with the other hand.  Place the facepicee against the face and hold it in place
while pulling the headstrap over the head and below the ears.  Then adjust the
facepicce until a_firm snug Ot is obtained.  The headstrap may be adjusted while
the respirator is in place h\ holding the metal slide hetween the thumb and forefinger
of one hand and pulling on the proper strap with the other hand,

3. Fo instruct the wearer in the proper adjustment ol the Iu.ulxlr.lps ane
position. of the respivator on the face a0 cardboard disc is enclosed.  To use this
disc mnscrew the filter bag, place the dise azainst the felt washer in the wetal
connection on the felt hag, assemible the respirator, and put it on. The wearer should
not be able to breathe through the respirator ar feel any inward leakage of air
muler the edpes of the facepicee,

The presence or absence of dust streaks on the face inside the line of Hit of the
facepicee after wenring the respirator in a dusty atmosphere can also be used to tell
whether a proper it was obtained,

4. The reconiended prncuhlrt' for clesning ihe lill('r bogr is 1o insert Joosely
the nozzle of a high-pressure air hose inte the b opening and to blow  severil
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TABLE 1. DETAILS OF FILTERING I'I‘ICACY TESTS AND LIST

Kined of Tinlus trially ;cuunu«l atmo~pheric patticu-
mechanical Lute smatter whierh the device s Test suspensions weed
nlier- e deensned m futnish juotection ’ ) )

Tesrator

Type A Mechianic .|l|\ ;:cm.x.\lnl dusts n:‘uhmg Airosuspended ,xouu.l flint, which consists
prncpally G the distintegration of a of W |:uu.u( free silivy (\1()) Over Y9
sodid, snch oas the dust clouds produced in percent of the dust passes thiough 323
mining, qua woand tonneling, and the esh standarvd sieve

indistrial operations of inding, crushing,

il processig of minerals

tape It Fames of vatious wetals (uxuﬂll_\' their (o) Lead oxide fume proluced by the de-
chenneal compols, as oailes o varbon- composition  and  combostion o Jead
ates) such as bewd, soeromy (».\\xm mer- _ tetraethyl

cury vapard, manganese, vopper, chromium,
iron, .ulmmm, 2zine, n esimn,  alumi-
num. antimony, and aisenic resultiag from
suldimation or condensation of their vapor,
or frem chemical seactiems hetween  thewr

. . sagper amwd e A .

e Mists as prodoced by sprasceoating with ) Magnesinm  onide  fume,  freshiv  quos
paint amd vitteous enamels, chromie aond duced by buing suesivm nibbon
wist as produced in chrmmium phtmg, awl 4y Chromic acid mist produced by electin.
ather mists of materials whoee Jiguid ve- 7 fyzing an agueeas solution | (200-300
ke does not produce harnmiul gases or geams of chomic  acid per lil(‘r) ol
vapors chrimmic acid

(1) Lead paint mist produced by sprayving
a paint having the fidlowing COmPosi-
tion: white lead (paste having approsi.
mately 91 percent white amd
percent Nnseed ol by weizht), 100
reams: hinseed oif, 20 ¢nbic centime-
ters: and steam-dictitlal turpentine, 23
cubic centimeters

Mist produced by speandage a2 yercent
aqueons ~u~;u~uunu of pronnd thine, air-
foated 4 percem thromyh A3 “titinl
el mcsh sieve), CFhe sronnd flint cone
sists of W percent Diee wilica (10,

Mechauically srenerat s w am Maste wsed nomaking o ive plates ol
cehauically grenerated dusin wl) I e batteries. Contains 70 perreent

hananinl consiiment is dead, sach as dead - r. s s
sty penerated i nomofacturing storace !"hl'”!"c‘ l_l'”‘ 23 pereent ved lead, Ly
Batteries: cnameling: pottery makime: tuly. 800 percent lamphlack
ber coanpeunding ;. sandpapedme and chip-
ping pamied sprfaces; ;».nulunl\m;-' pies
paving litho teanslers; and mining, nnllmg
s [unu'\kuw l(.u( Ores :
" “m' nulhrt (T (H)IH )‘hnn
Y Oue culae piete 5,318 eubie feef,
CRate o1 saomphing Y fiters (114 cubie feet) per minute.
4 e ml”u’l ameof this sibea dwet contains apgaoxineately 3000 it prrtivles as deter-
s by the impinger method as described by the W S0 Public Health Service.  Henee, 3
TR l'nn !'“ culuc meter of this dust is '1|\p1\»\\|n.||()) cquivalent 1o 8BS millions of paticles
cniae {ong,
¢ € See oprevious listing of company for complete address,

(c)

vally
el dead
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OF APPROVED MECHANICAL FILTER-TYPE RESPIRATORS

,onrculr.mon
of test
stispensin,
malligiams?
per cubic

\‘(ﬂumc of
test suspensIon
pulied
through the
device, cubic

Maximum amonng u! puluuluc
matier permitted to pass

|lu ough the device

Milligrams

meter? of air meters® Ailligrams per cubic
. nicter of air
(:\ ‘54 104 2,88 3 Jor any 1 of 7.0
' - 3 devices, or an
average of 3 my.
for cach ol the 3
devices
() S &M 9.98 2 g for any 1 Lirt
- of 3 devices, or
an averape of 10
mg. for each of
the 3
13 00 8 uf ewd 0,98 1.5 0.15
oy 4 25 2 — \ —
15 . Sof 9.9% 1 - 0.1
hionsie acid ;
t
A0 of Tead 9.98 1.5 1015
W S af 9.98 s Q.54
BUTEI TN
15 & Soltead 288 0.43 0.13

Name and manufacturer
lcnl filter-ty g respirata
to date, September

(nml-» lxck)-nntm
No. 2101, jssped to Mine
plnncu Co.

Willsen  Bag  Respiratos
Approval No, 2102, issue
son roducts, foe,

Willsemr B Rewpirator
Approved Noo N0, jewne
son Paadocts, boe,e

Pulinosan M-13 Pouchel
Recpivator.  Apgrowval Na
aed ta Pulmasan Sadety |
Corp.

fiever Respivator,  App
1103, i~~m~~l to Standin
fyuipment Co,

Willsns Bage Respirator N
proval No. DWW i<ened b
'raducts, Inc.e

M.S.A. Comfon Respiratar,
No. 2101, issued " to Min
Apyge h.mcei [ X

MS.AL Gindo Respirator
proved for lead cantaining 1

M.S.A. Cami Respitator, -
No. 20, issued (o Mine Sali
pliances Co.?

AM.S.AL Comfbo Bespivator w
cial filters for lewd abust,
X, 2W7, jceued 1o Mine Sal
phances Co,*

Willson  Rag Respirator Ne

Approval Noo 208, dssaed
s Prowducts, Iae,e
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