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nationwide in’ scope, applu:s to all lines ‘of hazardous acthty, ;
nm:hes our:entire citizenry. It is a non-proﬁt otganmtmn,

conditions and prcvmtmg vocat:onal dxsducs h Amcncnn mdustry

Today there are 4000 mcmbcrs, rcprcscntmg every; statc n the Umon, and ‘many, of

mcludmg thc bxg “steel compamcs, the oil compamcs,
tho United Statcs, thc automm:vc mdustry, and other

. The. hmory of thc Councxl lsran,absorbmg story Unfm'tunatcly it * cannot - be

detailed here. - Suffice to say-thfit the Ftrst‘ Co-Operatwc Safety Congrm Was hcldk

: ; eory
and to dcvclop the “detailed methods and matcrmls through which’ accidents could be
prevented. The members of the organization now. arc ‘more_ than ever canvmccd that
accidents are unnecessary and that they can be and are being prcvcntcd Stﬂkmg

wamples of rcductnons in many different fields durmg rcccnt ycars provc thm comn-
tcntxom . ;

Resul;u of Organized S:fety

Smcc the Natxonal Safety ‘Council was’ orgamzcd in- 1913, the natmnal ‘accident
death rate in all fields cxocptxng motar vehicle bas been reduced 40 per. cent.:The
“motor vchzclc accident problem is a comparatively new, one, yet there are evidences
o progress.’ Recent studies ahow that accidents :among commercial “vehicles shave
decreased; that ‘grade crossing tragedies have considerably decreased during ‘recent
YOArS than deaths of school children have decreased; that deaths in states having
effective license ‘laws with centralized administration and in cities having ‘community
safety councils have increased much less than in other states and cities; that deaths
1o pedestrians of all ages throughout the country increased very. alxght!y last:year,
These facts indicate the engineering, educational, and legal remedics ior thc highway
accident problem are producing results where comcxcntxoualy applied. :

Since the National Safety Council started as an industrial safety organization, the
best results are to be expected in this field, Here spectacular achievements have been

wade, The steam railroads, for instance have reduced accidents among’ cmploycas, »

74 per cent during the past 11 years. A group of our largest stecl industries have
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cut thcu‘ accxdcms 90 per cent since 1913, ; AL
: Cement’ "Association went through the cntxrc yca 1thJhcmtt al smglc lost-ti
. among . thousands : of ‘workers. . ; no«accxdcn

Along ‘with - 'these rcductxons ‘the - whole |, psychology .of ; accidents ; bas : changed.
Employcr and’ cmploycc both look at ‘the. propo&ntnon from a_ different viewpoint than
: n’manyplants ‘they
are considered a- dxsgracc ‘that ca.sts a cloud ‘over’ good ' managemest i
There is very little room}today‘ for thc carg:les_s worker m,modem mdustry

The safcty problc:m is a umw.rsal (mc—-and alwﬁys wxll bemjust as- long as. humau-‘
bcmgs inhabit the carth.. Safety. apphcs to cvcrybody and ta: evcrythmg,,phystcal or
~material ; ‘to ‘every’ human ac:t, to-‘every [man,’ woman, ‘and ( hz!d ‘

Safcty Counml 18 sull young——as institutions  go.} A {;rcat amount’ o

work has been crowded into its short Jife, Foundatxon work .is: always slow,’ ‘whether
one is building safe skyscrapers or ‘safe men.’. The National ‘Safety Councit has ‘been |
dxggmg away at the bed-rock of public consciousness,” Tt has made real progress and
s achxevcmcnts furmsh amplc mspxratxon for: contmumg its humamtxnan"effom

Thc purposes and pohcacs of thc Nanoml Safcty Coum:xl are not always: under
stood by thosc not in close touch with the Councxl’ work To meet the -need for

nations that are'in accord with thc prmcxples and objectives of thc orgammtwn, and
the National Safety Councxl likewise asks and seeks cooperatxon fromiv all them: in
carrvxng ou’t its purposcs. :




"Diist-'-'-An ‘Engineering Prdbld’n'?f’ b
By LEONARD GREENBURG , .
Yale Umvcr:ity, Ncw Hnen, Cmm.

Thc speaker said in part From thc broadcst wcwpomt the. dust produccd in mdu
ry may be rcg:ardcd as all of the particulate matter ‘actually used as'a’ part of indus-
“trial processes, It may be helpful to classnfy this material from the health’ viewpoint

as follows: (1) Those dusts of a2 toxic nature or posscs*:cd ‘of toxic. propcrtlcg (2)
These custs which ‘are” chiefly irritants ‘of the upper rcspxratory tract. ' (3) ;Those
dusts which, when rcspxrcd, ‘produce changes. in the lung itissue, that is, pulmomry
patholos‘v which may or may not be ‘associated with tuberculosis. "7 i

:Powdrred lead and arsenic ‘salts ‘and compounds may' bc cited as cxamplca of :the
vﬁrst group; wood dust ;and | certain” organic : fibres ‘are ' representative examples of
upper ‘ruspiratory tract’ irvitants ; md silica and’ gramte dust may bu- cited ‘as among

the xmpmant “members. of the thxrd group of dusts, 50
+:The toxic dust’group”is. compoaed of’ those materials whxch whcn"takcn into: ‘the
body, pﬂ'oduc:c pharmacological changes of varying dcgrec dcpcndcm on’ the' quantity
‘absorbmi #The degree of .damage done to the organism depends as a’rule on the quan-
tity ‘of the substance ‘taken up by the  body, :its ‘relative dcgrcc of toxicity:and the :
susceptibility . of the host." The route of absorptxon of toxic dusts is of fundamental ©
importance, . Ten years of research work in this field have led to the conclusaan that
in gmcml the respiratory.tract is the chief: absorbing organ’ for mcnt “of :the parti
late pox;ons. “Absorption” through ‘the respiratory tract, in the case of /lead [dust’ for
‘example; is at ‘least ten times more rapid than that by way of the: intestinal canal.
“Moreover, a toxic dust deposited in the hungs is removed practically mm‘cly by .way
of solution in body fluids, whereas dust taken mto thc mtcstmal canal may,’in a large
part, at least, be excreted directly, .77 v

t: becomes obvnom from these facts, that the prcvennam of poxs.oumg in mdustncs
where such “toxic"dusts are generated, - consists in the prevention " of . atmospheric
-pollution, which in 'turn resolves itself into-prevention of dust’ formamm ‘or. of /dust
dissemination or the simultancous prevention of both formation and* dissemination
In fact, no matter what type of hazardous dust is concerned the"’objcctivcs of the
hygienist are the same and thc cﬁorts of thc cngmecr are dnrcctcd a ong more of less
similar fines, .. ' ;

- The health’ ‘problems’ brought about b} the th:rd group of dusts, the pulmm\ary
irritants,” are comxmmdmg the largest share of the industrial Hygienist's attention’at
the present time. “As a result of the industrial dust.studies which have been conducted
during - the last’ twenty years “there has emerged a small, ‘but’ c:xccedmgly valuable
body af iundamcntal data - which scrvcs to guldc ‘the hygienist in - his evaluation of
the ‘problemina given ‘factory or process. . Briefly, we know that the’ mdustr
“health rmrdzrcsultmg from “the “inhalation’ of dust depends’ on fourifactors: ia)
_The chemical ‘and mineralogical nature of ‘the dust. (2) The ‘size of the 'part:clcs
(3)The quantity of dust brcathcd, (a) thc conccntratnon of the dust and ((b) -the
‘dumtxmnqof eXPOSUre,

‘We wre “indebted to thc Bnt:sh mvcstxgators Gyc, Kctﬁlc, Cummxngs and Collis or
{cmphas izing the importance of the mmcralogical nature of dust from the health view-
point,"ind now as a'result -of the ‘studies in'the United " States,” South “Africa”and
'Amttm lia it is generally beld that the health hazards associated with the respiration
of a given type of dust, all other things being equal, is to a certain extent correlated
“with its quartz content. :It is not to be inferred from anything said by :the speaker
that dust counts and quartz’ content bear a mathematically interchungeable . position.
" For example, without actual proof it sho:uld not be said that a ‘dust cbm:cntrahtm ‘of
10,000,000 particles of 20 per cent quartz is equivalent in hazardowsness to 5,000,000




Ina nmglc dusty trade such,:for'example,:;
possxblc to compare ‘the mortahty .of iworker
the same ‘dust.; Such compansom clcarl

- Hymcnc. " In thxa ‘paper. we said:

" HThere are, in general,’ four different mcthods of protecting . the warker agrinst . th
influences of industrial dusts, which 'may be classified ‘as follows: :
of ‘wet processes”for dry .processes; the: conduct of dust: producing - crpmmom iniene
closed chambcrs the rcmoval of dust by hoeds cquxpped with cxhauzlt draft; and_ the

any dust which may be formcd is oi ’ rclatwcly non-hazardous’ vc!mmctcr

pression of dust by the use of techniques which prevent. dust formation,’

tion of dust dissemination, by (a) enclosurcs and cxhausts, (b) T dust j
point of origin. (4) Provxsnon of scparatc sources of air supply-vfcrr the worker in
" dusty atmosphcrcs,

problem is aclucvcd Indeed, "if :the suhstrtuf:c is not cmnplctely'harmlm
-tively less so, it is a desirable "substitute prov:dc:d of
view- pomt of the mdustrxal process at’ hand o

facmfy i
the State of Connecticut,;”The substitution of synthctlc abraswea of OW . QBATIZ £OR
tent in place of sand would be of material aid .in the solution  of
" health hazard in certain sandblasting proccsses

The chief methods available for the prevention of, dust fommt)on consist in; wetting
thc material with water as in the white lead industry and ‘in the 'min
conducted in South Africa. In the white lead industry the lead grids or buckles are:
placed in the grinder and water is added durmg the complct tumblmg and m‘imiin




: '_ typfr of eqmpmcﬂ
ioadﬁd wﬂh work, there is, rea.l opportmuty for atmosphcnc pollutxcm ‘but thi

yvxtal xmpomnce in achncvmg the desired .end.” It shauld be 80 constmctcd as: ‘to
-cnclose the grinding wheel in so far as possible, the dust should be removed as ncarly
as possible from the point of origin on the wheel, and the branch pipe ‘should-be so :
located as to’catch the' dust ‘and thus make use:of ‘the vclocrty with “which Jit
deliverad in the hood to aid in its removal by the ‘exhaust air stream.’. e
L Amthc:r cxxurple of localized dust removed at the point of productaon ia tht' Kclly :
“dnst trap.” This apparatus is used for the removal of the dust-in rock dnllmg and .’
“consiste’ of & split metal can placed over the drill holes,” To this hood is: connected

- one end of .3 flexible hose,  the. ‘other terminating in the suction :apparatus.”='A “hol

", pierces’the top of the hood for. the passage of the drill rod. "In practice,’ the hood :
. serves “to confine  the  dust’ produccd by the drilling operation, the dust thus bcing :
C earvied Coff by rhe suction ‘current to sn air-cleaning device,’ Thc au' xs ﬁhm dxa~ —
charged relatively dust’ fﬁ:e into the general atmoaphcrc. A
The:methed . of "dust’ control ; by removal’ from  points of productlm by means Qf'
mc:losums pmwded with suction ventilation ‘is probably ‘the most commen. typs:found
" in. industry. - ‘When the ‘enclosure and ventilation system are properly designed and .
__fmmtamed the method yields, excellmt operating resuits,” The design-and construc-
S tion of wach’; syntuns .demand ‘the. serious consideration ‘of the tmmcd cngmw and..
this field : poAICaES _exceptional ‘opportumities for the. well-trained engineer,
Whenit:is! mrpwib!e to_ limit-or remove the dust prodnccd by industrial processes
and the ‘workes  is“forced” o"'hboc in ‘adusty atmosphere, ‘it becotmes ecessary to -
iresort to personal pratection, namely, “the’ use of ‘respirators or positive air pressure
" helmet. ™ Many “types of respirators arc in every day.use,  They operate on the
. filtration princinle, the filtering medinm used commeonly bmng_ sheets of filter paper,




often real and important, thc posxtxvc pressure hc:lmct‘scrves ajver ‘useful : function,
in the protection of the worker who is forced to enter the dusty. atmosphc:rc.‘ Recen

studies on the efficiency of positive pressure masks and helmets' made in camunctloax:
with the abrasive blasting research indicate 'that with a fresh air supply of -aix ‘enbic
fect per minute the worker is well protcctcd aga.mst the mhalatmn of injurious dusts. :

ADJOURNMENT




Thc dclcgatcs ﬁrst attcndcd an mformal “hincheon,”

noon mcctmg in a Joint ‘Session with the Metals Section. This sessi v
10 a symposium on the dust problcm in mdustry Chaxrman Grccnburg xmmedxatciy.
»xntroduccd the first spcakcr._ P ; : i :

Thc Effccts of Inhalcd Mmeral I)u ta

By LEROY 1. GARDNKR
Dnractor, Saranac Laboratory for thc Smdy of Tuberculouis, Sanmc: Lake, N.°¥,

"As long as men have workcd in stone it has been’ apprccmtc ‘that an tmuamll
large proportion of them sufier from disease of the lungs. It was natural to assume
that auch disease would be caused by the dust generated, and this belief was strength-
ened by the discovery of black, grey or red ptgmcnts m thc lung somctimes accom
panicd by the formation of scar tissue,. 7

The term, pneumonokoniosis was mtroduccd to d\cscnbc thc lung puzmcmcd n . this’
manner, -With “further observation- pathologists attempted to classify various forma,]
of pneumonokoniosis on a basis of the type of dust inhaled and such® nNAmMes a8 A0~
thracos:s siderosis, chacicosis and even byssinosis and tobaccosis made’ their: appear-
ance, 1t was rccogmmd that some forms of the “discase were attended by severe
_symptoms and result in death but there was no correlation between the:
_pathological pictures and the causative dust.; Finally,’ statistical study’ demonstrated
that of sll kinds of industrial dusts silica generally produced a definite type of dmm
wath a characteristic pathological lesion and complex of symptoms, '
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natives ‘living ' under similar. condttntms
common and often fatal complication,”

~What has been said of the effects of xuhalcd inorganic dusts would indicate tha
the reaction of the tissues is not merely a response to” mcchama\l irritation by par
ticulate matter. Today it is gencrally accepted that the injury’is chemical in:nature
-and -that ‘only certain of -the common : types *of T industrial ; dusts posseas | prmtxes
capable of exciting reaction. - In’the cases of silica and the silicate of - magnesi or
ashestos the slightly alkaline body fluids probably effect a slow solution of ‘the: ,-dm i
pamdcs liberating silica-in colloidal form.  This substance irritates.the: cunncctm:-
tissue cells which respond by multiplying. The result’ is an overgrowth of the sup-:
porting framework clcmcnts at the cxpcnsc of thc morc dchmtc cclls specialized for
specific functions. .

For these two types of dnst thc chamctcr and form of thc patholomca
has been carcfully worked out. In silicosis the: essential tissue change consists o
nodules of connective tissue which develop first in the lympoid tissues situated in the
drainage apparatus .of “the lungs, These nodules  interfere with: thc‘“physlologml’
removal of foreign bodies and subsequently ! inhaled - particles “accumulate “inithe
framewark of the hmg itself. - Such reaction gradually decreases the normal elasticity |
of the organ and . encroaches upon its functional elements, As a result the cardinal *
sympiom of the discase, dyspnoea or shortness of breath deveiops.  Because of the
excessive amounts of scar tissue formed in the lungs the right side of the heart |




culous focus harbormg a few attcnuatcd bacxlh, to becom'cv rogrcsmvc and‘spread.

“The causc of this effect upon tuberculous infection’ has not yet:been’ asccrtamcd but -
probably it is in some way associated with the death of tissue causcd “by the toxic
silica, Associated with this factor ‘is an: mcrcascd activity. of  th sphzgocytcs which

. are stimulated by the irritating ‘silica ‘so that” these cells tend to migrate rapidly :and
carry tubercle bacilli-into previously mninvolyed, portions: ‘of the lung.

“Asbestos dust, perhaps because of its fibrous' structun:. is'mot’ [transported “very
within the hmg.* It tends to lodge along thc walls of the finer tubes and little of [it'is
removed by the lymphatic drainage system.” Tissue peaction, probably. initiated by the
solution of the fibers, occurs in their immediate vicinity. -As in the case of silica this:
reaction consists of an ovcrgrowth of thc conncctxvc txssucs whnch is latcr tmnsfomd‘ '
into leather-like scars, :

Aluminum oxide wdl serve admxrably as an cxample of a non-sxhccous dust whose
particles are as hard and sharp as ‘those of crystalline silica.. When a measured
quantity of such particles, 1 to 3 micra in diamctcr. are injected into the car vein of a -
rabbit the majority of them come to rest in its liver and spleen,’ “There. t}my remain,
apparently harmless, collected in large phagocytxc cells and. producmg no ‘reaction” of
the connective tissues for at least two years. "Injection of the same quantity of: the
same sized quartz particles’ excites the formation of so miuch scar : tissue i that the
functional elements are almost completely dcstroycd and the organs ave - rcduccd to
nodular masses of leather-like consistence, ==

Carborundum,. the ‘carbide of silicon, when mhalcd by guinea pxgs for pcnodfc a8
long as four years, likewise fails to excite :significant overgrowth of . the. cmmcct ve
txssuf:s It produces only a low grade inflammatory change with no nodules

“Instances such as those cited constitute the basis for believing -that the cellular
response to dust particles is not due to their hardness and sharpness but to chemical
stibstances liberated by the action of the tissues upon them. The case for’ ‘solubilit
has not been proven directly, for the detection of soluble silica in the tissues offers
-technical difficulties which today are unsurmountable, © Nevertheless this substa.nce is
known to be a cell poison and in weak conccntratmm it w:ll provok an overgrowih
_of the connective tissues, . 4 :

Mention should be made of the cffcct of mhalcd mal dust.  Most city dwellers .
breathe in sufficient quantities of this material during an average life-time to .pigment
considerable areas of their lungs. Deposits of grey or black dust will be found along
the course of the lymphatic drainage system but thia pxgmcntat:on is ‘associated ‘with
little or no_new growth of connective tissue..-The coal miner’s lung .is much blacker
but in most instances it also develops no deforming scars, - When such reaction does
oceur analysxs usually reveals appreciable amounts of silica in the lungs. The presence -
of excessive quantities of carbon dust appartntly influences the localization . of mod-
erate amounts of silica s0 that the latter is not deposited in nodules as in pure mlxcosxs
but in streaks along Iymph vessels as pure coal would lecalize,

Coal miners’ fibrosis, due to relatively small amounts of silica, is thercfore d‘fm L
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desclop inguinea’ p:gs mhalmg purc ‘quartz for & imr, not even thc;mlxest sug-
gcstxon of nodules have appeared in'the lungs of animals inhaling comparable: comcen- .
tranons of granite (40 per. cent silica) for four years, :

rained but s “'This brief ‘discussion-of ‘some of the’ problcms iftvolved in pneumonokeniosis draw%, i
" the . © attention to thelimitations  of :our present ‘knowledge. It" mdxaa.tcs that:the  reaction
yies which® - B to an inhaled dust is determined by the chemical and probably’ physical ‘composition
apidly and -7, .~ of that dust.” It cmphasizes the need to further- study of different types of dust hoth.

- in the pure state and-in measured combinations. The ultimate aim:of such a stud
% W}y . tfgr , o should ‘be the ncutralxzat:on of the toxic c’uon of such dangcrou ‘substances as silica.
e of it is e : ; ; o
ted by the.. STl ey i ‘ R Sl ”buc\“ww'
silica this ’I‘he Dust Contcnt of the: Atmosphare: in Various Dusty -
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m_ﬁprcd_” 5 R By J J BLQO)(FIELD , :
e o & . Sanitary Engmeer. Umted States Public Health Service, Wuhington, n ¢
a1 oft . The sp&xkcr said in part 'I‘hc propcrtxcs of a given dust which dctcrmmc its
Jy of the © capacity to produce pulmonary pathology are, the nature of the dust,”that is, its
» that the - " chemical and mmcralogxcal composition, its particle size, and ﬁnallv the, quanm) of
educed to - v the dust dispersed in the atmosphere,’

: . g One of the outstandmg results of the last 20 years of rcmrch in ihc ﬁeld of
periods as - dust inhalation is the demonstration of the fact that, in general, the degree of
commnective health hazards associated with the ‘inhalation of any dust, all  other. factors re-
5. . - © maining constant, is dependent upon-the mineralogical composition of the dust.”“For

e ccllular ' . .example, it is now well established that the inhalation of certain types of dust,
y chemical LB i such as granite dust, will in time produce fibrosis of the lungs. at times associated ©
solubility - with tuberculosis. In other cases cxposurc to dust may result in the production of .
ves offers 7 . much less fibrosis without notable tendency toward subsequent tuberculosis; this is
bstance is . true of cement dust.  And finally, there are certain types of dust,” as. typified by
vergrowth - marble dust, which in the quantitics and lengths of exposure so far ohserved produce
' o little lung fibrosis. In general, it has been found that those dusts which are high in
r dwellers quartz content are the ones which produce a dxsablmg fibrosis of thc: lungs moat "
o plgment readily. ‘
und along . So far as the size of the dust partnclc is conccmcd, xt i3 apparmt that in ordm’
mted with : for any given dust to produce injury to the. lungs, it must. gain access to ‘the
= blacker . parenchyma of the lung, the site where the harmful effects of the dust take place.
etiom does - - It is known that not all of the particles of inhaled dust gain access or .are retained
b prescnce o by the human lung. . In this connection it is of importance to have regard to &hc:
1 of mod- . s size of the dust pamclcs present in the industrial atmosphcrc. ‘ .
¢ silicosts ; With reference to the quantity of dust present in the air of a workmom it is -
. ‘ apparent that when the dust concentration is high the exposed person will inhale z
clore dif- o |- greater quantity in a given period of time than he will when the dust concentration

of the atmosphere is relatively low, and since the rate of preduction of the fibrosis




Vs partually ‘dependent upon )
. plays ‘an" important role in ‘predicting the. relative danger, of differen .mmmn,
" Hence the need for the evaluation o the ‘quantity. of “dust” in the lind
. phere ia ‘obvious. . . 3
Rcscarch on the problcm of mdustrxal,dust mhalatmn has mdxcated hat g0 far a3

groups* (1) .those compoacd complctcly of ‘combined : silica,

. as pure asbestos; '(2) “those!contrining; frce mxca in ‘the’ crystallme. nnilumn’as
_quartz, (granitc contains -approximately 35 per cent of quartz); and’(3)"dust con-
taining free silica in a non-crystalline form such as diatomaceons earth.:In ‘general
it has been found  that the” harmfulncss of a quartz c:ontmnmg dunt is, in/ direct .
proportion to its quartz content. - For thxs reason, in attempting: to revaluate _the
harmfulness of a dust, it is of thc utmost 1mporta.ncc't0-‘ ascertam 1tn~cmct»mm«
eralogical composition, - -

It has been our cxpcncncc that to" detcrmme accurately ‘the  exact mmc:mlomcal
composition of a dust one should resort to a combined chemical  and - petrographic
analysis, By no other method: have we found :it posslblc to. dctcrmme the  amount

- of quartz present in a given sample.s:In’ certain’ instances,” suchias’ when  one is
dcaung with & mixture of guartz and ‘pure’ potash feldspar, it .is. possxblc to deter
mine .the amount :of guartz.present in-such . dust’ merely) by “a’ chemical? analytm
However, most dusts which come into question are mixtures of quarte and: silicates
Take granite for example. The average granite is made up chiefly. of - three “min
erals in about the following proportions: feldspar 60 per cent, quartz 30 per;cent,
and mica 15 per cent.. Chemical -analysis shows that -this average granite  contains .
70 per cent of silica. - Of this 70 per cent,. 30 per-cent i3 present as - quartz - (free.
silica) and the other 40 per’cent is present as combined sxhw, ‘in - chemical “com
bination with the other minerals. that make’ up granite; it is’ poasxblt: to detcrmxmr :
these propomom only with the aid of ‘the petrographic microscope. 't .

We find in practice that samples of dust settled out of the umphqm at ‘the
breathing level of the worker serve admirably for both chemical and mmcralomm.l\
determinations.  Table '1 presents -the quart: content of dusts obtamcd m vancmm,
-industries which we have studied.

TABLE 1
Percentage of Quartz Present in Varﬁcmz Indnstrial Dwm\
Kind of Dust ’ : ' Pcrccntage of le“tx'

Rock drilling dust (bituminous coal mine)............. 540
Granite cutting dust. ... e e ienisiienenaecmnovannes S 382
Rock drilling dust (anthr:_acitc coal mine)...... . 310
Brass foundry dust. .. .. iiiiiii it iaiiananenan 12.0
Dust from raw mills in ccmcnt plant. ... .ciiiinnensans 6.5
Slate mill dust (Vermont red slate)....vovennnveninns 30
Silverware polishing dust. ... iieiiiniiiierennnnis : 1.7
Anthracite coal dust.................. U K.
Bituminous coal dust . 12
Cement dust ol iiiiriniennciarcanraneasnenes 1.0
State mill dust (Vcrmont green slatc),.. v reaaaan trace
Tale mill dust. . ..ottt iieiinirainnenessenns opone.
Marble cutting dust.......oioviiiiiiriineniiirierrennses Y pone

It is evident from this table that rock drilling occupations in the . coal mining
industry and certain occupations in the granite cutting industry and in brass foun-
dries would be in the hazardous class as Judgcd by the propomcms of quartx in
the atmospheric dust.




;- curve is ‘:asxly obtained. . '
T AS pontcd out” carhcr, a knowlcdgc of - the q\nntxty “of ‘dust dupcrscd in the
atmosphe*c is :very important, since with any given dust the mtc of producuom of
- the injucy ‘will_be dependent’ upon'the total ‘quantity inhaled. :
. From ' the -practical . hygienic  viewpoint, the ! particle oount is at” pracnt ‘the  bes
'qusmtxtatxvc ‘index of ‘the ‘degree of - atmospheric | ﬂlmom “The dccmm as :to’ ‘the |
o sEe range of the particles which should: be mcluded ifi the dust count is'a question”
. requiring careful ‘consideration. . Obviously  the ‘size of ‘the mllwt vxsxblc particl
Cwill - depead _on - the' magmﬁcntxou and type -of, illumination used in’ the’ microscope,
the. refrastive’ properties of the dust and to: some extent on the: vuwll ‘acnity’ of lthe
“obscrver. & We must bear in mind -thzt our: “chief 'interest . in this ‘problem i
- industrial : hygmxuc ‘aspect.” Primariiy we are interested in. differentiating’ between
“the. dust content in the ordinary normal atmosphcru, not yet ‘known .to be harmful,
- and certsin industrial dusts which are knowm to“be associated with lung ‘damage.
- This dificrence is sharply marked so far as the dust particles hetween approximatel
one-balf ‘and ten microns in dizmeter are concerned; but :the difference’ between
such normal and- abnormal “air is masked and lost \vhm 'we “inclide ‘in our_ deter.
mxmtxum Lhc partnclcs of ultra«mncroscopuc mc whxch are. prcacnt m‘ vast number:

15780 far as thc upper lumt of particle size is conccrncd it has’ bcc:n demonstrated
by the houth  African . studies that pamclcs greater than ten microns in ‘fongest

; dimensiog. are,” 28 a:rule,” of negligible xmportnnoc. The data concerning the ‘idwer

7 size limit of potentially hazardous dust is not so’ oonclmwc. “Moir of South ‘Africa,
.. who examined ‘microscopically < 120 : dust  particles ‘obtained “from two specxmem ‘of
silicotic g, found that only ‘13 per cent of the particles were less than 0.5 microns’
and about 36 per cent of the particles were less than one micron in diameter. : Th

~ majority of the particles,” 60 per cent, were between one and three microns in size.
©0 The  median’ size cxf the :dust -was -found to 'be;.1.2 : microns in duuncm ~Drinker
“tn compering sthe size frequency of .the’ parhclcs measured by Moir; ‘with . the [ par

o ticles mensured by -him of the dust. found ‘in the'sputum of men employed :in;ore

¢ smills, found 7a - close . corrcspmdmm. Thm ﬁndmgt bave alw bam‘ orrobcrmtcd

by Nawngordato. e : :

In counection thh the 1owcr lxmat of pamclc size of dust of pntholog‘xcal gig-

nificance the following pertinent question arises: Aside from the evidence dxmct’

or indirect of the non-retention of minute particles of dust by the hungs, what
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TABX«E 2
Average Dust Counts in Certain I)uaty Trades s

Dust exposure = - Average
: . in millions . per cent of
Industry and Occupation of part.xclcs'. quartz in
' per cubic foot dust

Tale Mining.and Milling ; Nope”
Jack-bammer drillers .. ... e . 2,160 None -
Packers ........ 50 None
Muckers oot . 45 None -
Crushermen and cylindermen.. e 14 None --

Slate Finishing Mills:

Fleormen ......oiiivieannnnen. v 1,598
Loaders ..vvvvrrreiiiinnanenenn 1,276
Disc crusher operators.... e eaeeene ‘ 12

QOuwartz Grinding Plant: ; .

Mill operators .............. .. 173
Iaborers ........coiaiiiiinnnn R 83
Packers . .oivniiiiiii i . 55
Granite Quarrying and Finishing:
Leyner drillers (... it 144
Jack-hammer drillers ........coiiniiinn. . 112
Hand pncumatic tool ﬁmshcrs. R .
Machine pneumatic tool finishers. .. .. e 36
Plug drillers .. oniiiiniinnn., . 37
Attendant labor (indoors) e - 17
Anthracite Coal Mining :
Miners and helpers ..
Attendant labor ....
Bituminous Coal Mining:
Coal cutters and loaders....... e
Attendant labor R
Marble Cutters vovvvereniiioniivan,
Cotton Cloth Manufacturing:
Carders oveeeiner i,
Weavers and spmners............

HEBEEEwwwmw

- Silverware Manufacturing :

Dusty trades .........
Non-dusty trades

evidence is there that appreciable percentages of ordinary industrinl dusts ever
fragment into those minute sizes less than 0.5 microns in diameter? The . best

answer to this question would be data of actual measurement of such dust,  Un-. .-
- fortunately we have but scant published data on the particle size frequency of dusts

in the air of industrial establishments. In 1929 Fehnel made some particle size
measurements in connection with. the dust study of ‘hard rock drilling. in New.
York City. He rcported the ﬁndings on three samples, which showed the “dust
which was less than 1 micron in size to vary from 1.10 15 per cent.'“Most of the

dust in these hard rock drilling operations was between 2 and 5 microns in  size.

Badham, in studying thc dust’ bazard among sandstone workers in Sydney, Aus-
tralia, measured some 16,000 particles of dust in the air of work places and found
that 67 per ccnt of these particles were about ! micron in size. In a particle size




- made: by lh«e filar mlcromctcr method at a’ magmﬁmtxon of -1,000.. dlamctcrs,
“speaker found that practically ‘all of the .dust was ' less ‘than 5! microns  in “size
Only 2 per cent’ of -the particles ‘were less than 0.5¢ xmcrous, “217 par’ cent ‘were les
than 1 mic ron, ‘apnd the ma;onty of thc dust. 71 pcr cent,”was foamd to be between
1 and 3 microns in diameter, | : : g

From all of the evidence: thcrcforc, and in thc a.bscncc of : conchmvc proof to thc
contrary, . 18 apparent that we need only’ be concerned with those dust particies
between. one-half and ‘5 microns in size, and from a- pract:cal standpomt thc lower
limit of particle size to be counted may well be: taken at’about’l?micren,  Many.
methods bave been devised and uscd for the purpose: “of - dctcrmmmg the ! quanmy
of dust v air, Suffice it to say’ 2hat ‘for -the purpose of dust . sampling 'in - cxthcr
high or low dust’ concentrations,” the : Greenburg-Smith - impinger . apparatus - now.
finds universal favor.  This instrument has been used by the -United States Public -
Health Service in all of its dust studies during the past:nine’ years and xs also
being used by other workers in this ficld in this country and abroad.

Durmg the past nine years the writer. has ‘made numerous mvcstxgakxom of dust
hazard in many industrial establishments “throughout the country. :In: Table 2,2
summary i presented of the average dust content of the air in a fcw of thcse dusty
industries. This table clearly shows that the -highest dust eXposure was’ in the tale
mines, slate finishing mills, - quartz ‘grinding : plant, coal mmmg and granite cutting -
industries. Owing to the hlgh percentage of quartz present in the dust of the quartz .-
grinding and granite cuiting plants,’as compared with ‘the dust in ‘the other indus-
teies listed in Table 2, quartz grinding ‘and gmmtc cuttmg are rcvcalcd to be the
most hazardous of_ the occupatno

e

Chmc an Statlstu:al Aspects of thcosxs
. By ALBERT E. RUSSELL, M. D, F. A.C.P..

Smrgnfon, 7. 8. Public Health Service' Surgeon, U S Burean oi Mmeﬁ,
Wuhmgton, D. C.

It would be dxﬁicuit to estimate with any degree of accuracy the numbcr of pcoplc :
in- the United States who are engaged in dusty trades. - It is evident, however, that
more pcoulc are exposed to dust, which constitutes the greatest smglc industrial haz-
ard, than is generally supposed. Certain dusts contain poisonous’ elements, such . as
lead, arsenic,” mercury, etc., which give rise to general. conditions resulting from
their absorption.  This paper however "will deal only with those dusts whxch are

. known to be dxrcct factors in the productmn of pulmonary. dxscascs.

. Bconomic Aspects of Siliconis

Thc economic problcm presented b;y silicosis  is tremendous. Thc suﬁ"crmg and :
loss of lile due to it cannot be adequately measured. In the gold mining arca around
Johannesourg, South Africa, during the pcnod 1911 to 1929, more than 53 million -
dollars have been paid in compensation alone. " The costs of medical care, hospna
ization, and legal proceedings further augment this enormous figure,

Mxm:s in Austra.ha are reported to have been bankrupted by payment of MhCOSIS
compensztion.. "1 kmow of 'a company in our own couniry which has claims amount- |

“ing to more than a million dollars for disability due to dust inhalation, There are !
other plants in the East which will be bankrupted if all the claims which are filed :
against them are allowed.” In most of the mdustrxal smtcs the number of claum ﬁlcd

. has greatly increased in recent years, ,

Tt 1s clear that dust-prevention work, like any health- ~promoting activity, wou!d
pay many times in money, good health, and efficient operation.

Strangely enough, only during the past 25 years has dust received much attention




that pcnod partly, explains the xmbiﬂse‘ oward :
hazard.  The ad\mnccs which have been made all branchcs industrial

* have helped ‘to" center” attention on dust -an

Rhe number of the workcrs in dusty trades |

the miners. It became mecessary cither to- study thc'.dxscasc,and‘ devise ‘methods’ for
i : ‘ ' funds persoancl’ and clxmcal
I

- Intcmtnonal le:oosu Coufcrcncc

In the United States the first stud) of -the effect of dust. was made by Dr,
Lanza, an officer- of the ' Public ‘Health ‘Service serving  with the Bureau of ‘Mines.
His obscrvations, made on miners inthe Joplin, Mo.," dxstrnct and published by the -
Burcan of Mines' and “Public  Health Service,” have’ been | confirmed by ; mbscqucnt

" studies. ~Agencies’ which have  done ‘and ‘are now’ domg ‘investigative . work are the

U. 5. Public Health Scrvxcc, ‘the” Burmu ‘of Mmu “and the: Universities qf Hamrd,';

* Yale, and Pcnnsylv::xma P te. pcrsons havc ‘al contrib tcd valuabi for

on silicosis. : :

The word “pncumonocomosxs is of Grcck ongm “an mcans
an inclusive term and is being used now more than previously ‘with 2 dcsxgnanm as’
to the type of dust responsible for the pathology. ' There ‘arc foew 1mtanc: wherea'
pure dust, i. ¢, one unmixed with other elements, occurs in industry.” R

The mtcllxgent consideration of the relation of dust to the ‘etiology of pulmonary .
disease must include the following: 1. Chemistry and petrography of dust, 2..Con-
centration, 3. Sizg of particles, 4. Condition of workcr at begmmng of exposure,
5. Length of exposure, and 6, Effects produccd N

' The dusts most frequently met with 'in the mdustncs are morgamcmmcndcntally,
more harmful.” It has been shown conclusively that silica, one of the most common
dusts cncountered, alone produces more permanent pulmonary damagc thaxx all othcr
causes combined. i

Condition of Worke: at Begmnmg of Expcmxre

Reference has been made to the manner in which a tubcrculcus mfccnon Ity aug~"
mented by the presence of silica. It follows that a worker having a tuberculous in-
fection, cither latent or active, will suffer more from the effects of dust than - per- ™
son who is not so infected. It is highly necessary for workers to be examined thor-
oughly before being permitted to engage in a dusty’ trade. - Experience thh miners;
in South Africa has shown that a worker having a latent tuberculosis, or ‘a. worker
in whom such infection was not demonstrable, or if a worker was of the so-called
“phthinoid” type, he developed silicosis more rapidly and & tuberculous comphmtxcm
carlier than did the normal worker. '

The length of exposure to dust is cvxdcnt)y a great factosr in the pmducnon of dis-

ability. - It has been found that the occurrence of silicosis is in direct relation to0

length of service and concentration of dust.




‘ even abswnt Incapacxty for . work may. be slxgixtly 1mpaxrcd “There must be/zde-
parture irom the ‘normal in"percussion “and auscultatory signs, and thc radlogram

| » must ;show . a0 increased - density ‘of | linear “shadows ‘and the [pr

shadows.

“In the ‘second stagc there must be an ‘increase of all the physncal :
"in the first stage,”and the' mdxograph must show an increase in the number. and sixe ;
of the nedular: sludows with'a® tendmcy to cmﬂumcc. Thcrc must be: some dcgree.
. of daﬁmtm nmpaxrmmt fsworkmg mpamty BT

- symptmw\,’”phynml sxgns, ‘and ndmgmphxc apputranm, and t.hc dcgrm of wo! k;mg‘

o mcapacxtwr lts pmcnccy’must therefore influence the stage classification.”

. Patients with silicosis - in uncomphcatcd formare usually well. nourished and ap
parcntly healthy, except, o ~com’s¢.“m the’ advanced stages. :

~z Limitation of chest expansion is'a’ vcry ‘consistent fmdmg. and unfess thc patient:
has ' engriged “in athlctm, the” extent ' of ' limitation” is  usually 'in  proportion to the
. length of service,” The restriction of the chest was found (each side was measured
- with obstetrical calipers) to be symmctncnl, in contmdnstmct:on o thc assymctry
’foccurrms in pulmonary tubcrculos:s. i 3

Dyspnom i usually thc firat” symptom and most” constant complamt in sxhcosu.
amd it increases with length of exposure and even after exposure cmcs, ‘if the dis-"
case has become well established.” Dr. Lanzz, the American pxoneer in “the' study

i _ silicosis, obscx‘vcd a very great amount of dyspnoca among the miners with silicosis

“in ‘the “Joplin District, Missouri. T do not know of any clinician who has fallcd to
" mention this*finding when describing the symptoms of silicosis, - -

. Tt has also been my observation that pains in the chest were a common complamt
A cough, which was usually non~productwc, :md frcqumt colds were also in evi-
dence.” .

Diaznonl of Smco:’s

Most of the physncxam thh whom I bavc workcd or havc dxscusscd sxhcosus are
. prone to rely solely on the x-ray findings for diagnosis. - These men had not been:
doing tuberculosis work, however, and were not particularly adept in the usual pro-
cedures  employed in making physical examinations iof the chest... The x-ray does
give more information than any one other means. - However, much can be Immcd_
by physical examination, which can usually he conﬁrmcd by the =-ray.
The following are some of ‘the principal points in diagnosxs by physxcal examina-
tion :
Pcrm;sxon ‘usually rcveals a gcncra! 1mpa.1rmcnt of resonance, the mtcnsxty of




" greater task for a lay jury. It scems to me that it would be better/to have’thelsns- |

' 6 T-u'cut\' ﬁr.w‘ Congrcs:: Natib'na‘l .‘S‘c'zfc'xvvl"’fCaikm:'il

which aspect varics as a  rule thh lmgth of scrvscc.v This ﬁndmg is ccms:stcm thh ;
the character of a generalized fibrosis,” which is'a common characteristic "of silicosts.

Tactile and vocal fremitus were not changed appreciably in the carlier . stages, but -

as the generalized fibrosis of silicosis increased these were decreased in intensity.

Fibrosis of tuberculosis causes an increase -in both tactile and vocal fremitus,” Thc )
condition 1is, however, localized, .whereas thc fibrosis of sxlxcc)sts is gcneral through-
out the lungs.

In my cases of granite cutters xhcre was no marked change to any pamcular
variety of breath sounds in uncomplicated cascs, but rather a softening (or “soft
pedal” effect) on all the brcath sounds. whxch naturally brought out ﬂnc vcsncular
type of breathing. s g

Rales were absent in the uncomplxcatcd cases. No toxemia was prescm, which is
accounted for by the absence of infection. - i

‘I‘ubcrculons a8 a Complxmnon af thcoms

It is not surpnsmg that ‘workers who hmc latent tubcrculoms mfccncms become
disabled earlier than the average individual, "It was our experience that these cases
developed silicosis more rapidly, and that when they developed ‘the clinical tubercu-
losis, they were still young people and the disease ran a more prolonged course. This
was not true of the cases which developed silicosis first. The South African investi-
gators, too, have observed that the ‘cases -which they classnfy as phthmmd brr"ak
down with tuberculosis carly in their mining careers, '

Physical examination ‘of silicotic “patients .who are brcakmg down thh 3 tub«:rcw
lou:» complication provides information which is nat always available with the x-~ray.
Dr. Pancoast stated in a talk on pneumonoconiosis at the local (Washington) woed-
ical society recently that during this transitional stage the differential diagnosia is .
often impossible. \‘\ hmx the tuberculous comphcatxon has advanccd dxagnos:s is, of
Course, easy.

Inquiry into’ the pahcnts condmon will usually reveal sy mptoms which are com-
mon to uncomplicated - tuberculosis. ~ It was our experience that  carly complaints
were fatigue, night sweats, increase in dyspnaea, pains'in the chest, and an after-
noon rise in temperature. There was frequently complamt of a _cough,”which - was
productive. © Many. patients had hemoptysis and later in the dxscasc. ‘frank - hm'mr~
rhages from the lungs, 'Loss of weight did not seem to occur so carly 2s in wmeom-

plicated cases, but when this symptom became manifest, it was. markcd Tubcmic .

hacilli were usually found in the sputum-early in the discase.

. The later stages presented nmo great dxﬁercnccs from those fulmmatmg typm of .
nncomplxcatcd tuberculosis.

The physical signs presented variations from . thosc in uncomphcaﬁcd ca:seq, inas- g
much as there ‘existed already” a general pulmonary fibrosis,  The latent or post-
tussic rale was constant and not-unlike the same valuablc pathognommxc sngsn in 1
complicated cases of tuberculosis,”

- The x-rays of cascs in this stage usually rcvc.xlcd areas of conglomcratxon, or fns-
ing, of fibrotic markings.” They were less distinet in charactcr tban
catcd silicosis. This fact will be demonstrated in the slides. " T

The diagnosis- of silicosis is not an easy task...The patient’s history, carcful m1y~j
sis of his occupational life, a study of his phy mcal condition and reliable x-rays arc
necessary to determine the presence of silicosis and to attempt to evaluate the extont
of disability present. It is obvious that it is difficult for physicians to do’ thxs and.a-

,pcctf:d casc examined at a reliable clinic or. gencral hospital by a groupiof: unbinsed
- physicians and to abide by their findings rather:than to have these cases’ fought® ont
in courts. -~ In most every manufacturing city. Iargc general hospitals and’ tuberculosis
clinics are available and the use of these institutions will, it seems, xmurc bctta:r dcn .
cisions both to the patxcnt and to thc industry.
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In thc st ady of sxhcom ane of the most important qucsuons whnch has ariscn is
the health history of those individuals who have worked in the granite industry for
- a number of years and then left, to find occupations in other trades where there was
no f{urther cdust exposure, It was possible during the course of the stud) at Barrc to i
obscrve 24 such cases.” - .

The latercy of mhcosxs has been rcfcrrcd to by othcr mvcstxgawrs, Thc South
African workers found that “a steady fall over a period of years in dust concentra-~
tion s not associated with the corresponding fall in the silicosis incidence” - Dr.
Watkins-Piichford also records cases of miners who had been exposed to dust for a
‘long perivd of time, apparently sufficient to develop silicosis, but who went ‘into the
war apparently not silicotic. He asserted that such cases were liable to’ develop
:tuberculosis.  Doctor Pancoast ‘presents a case of advanced pneumonoconiosis in a
quartz mincr who had been exposed to dust for cight years, He had been out of
the mining industry for ten years, yet the x-ray showed extensive pneumonoconiosts
with irrcgularities of diaphragm, and by fluoroscope he found the  diaphragm re-
stricted on ~ach side. There was, pcrhaps, a tuberculous mf‘:ctxon mtervmmg at the,
time.

Britton reports two cases of workers who had been ctposcd to dust bctwu:n seven
and eight’ yrars. They changed-occupations and had been away from giliccous dust
for cight ard nine years.” They developed’ pulmonary symptoms and were found to.
be suffering from silicosis and tuberculosis. Tattersall also observed cases of latemt
silicosis in his studies: * “Some of the men’ (rock drillers), morcover, had changed
their occupation for various reasons quite apart from health, but-in due course the
incvitable dvspnoea came on. One man, for instance, worked eight years regularly
with rock drills, from 1906 to 1914, then joincd the Army, was passed as A-1; but
in spite of his open-air life, dyspnoea.came on in 1918, and from then wmtil his dcath.
“six years:later his illness was a typical case of silicosis.”

The wmflurnce of dust i mortality from  tuberculosis is clmrly xndxcatt:dl in the fol~

- lowing table. . New methods of manufacturing stone which created excessive dust by
the use of pneumatic tools, were introduced in the granite industry about the begin-
ning of the present century, and the tuberculosis rate has increased rapidly with
their use. "he rate has risen in direct proportion to the lmgth of time durmg which
they have been employed as follows: -

.1910-1914
.. 19241926+ v
(*during period of our observations.)
A consideration of the mortality statistics of Barre, Vermont, shows that there
has been an excessive death rate from pncumoma and other respiratory discases ( tu- -
herculosis Mdudcd) during this period, 3
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Methads for the Control of Dust in Industry and for the
Protection of the Worker

By THEO DORE HATCH

Imm‘uctcs‘ in Industrul Sanitation, Harvard School of Public Health and
merd Enxmecrmg School

The spmlccr said in part:  The health hazard associated with exposure to indus-
trial dusts varics with the industry and depends upon a number of factors, chief of
which arc the physical characteristics of those exposed, the chemical and physical
properties of the dust, and its concentration in the atmosphere of the work places.




“of. the ‘results.” The mvutxgauon “should xnclude' physical.
and a study of morbidity and mortality 'statistics, : chemica .eximmatxm ‘of the. dust,
and determinations of its physical  properties’such as’ pacticle siz £
dust and thc conccntrauom produccd by the dusty; processes. must be! determined

g be’ _tmml analysi

by mcans ‘of: phym:al cnmmat:on, and 1umtmg their cxposm'e “through'a; ym:m of
rotation . of cmploymmt. It ‘may be further increased’ by : reducing -

of toxic material in the’ dust and othcrwzsc controlling * its . chemical and phymal
charactmsncs.

+ Standards " of . pﬂmmsxblc dustiness “have - b*cn,propoacd for "a few .of : the dusty =
tmdcs. ‘From a study of the’ snclmcss and ‘death’ [Fates. among the’ worktra in rela- .
" tion to the dust concentrations to which ‘they are ‘exposed, “safe concentrations ‘have
“been determined for m cement and granite cutting iindustries in the  United’ States,

the gold mines in So Afnca, and the sandstone mdum'y m Austmha. Thc

' missible concentration {sf zinc, oxide “has" been

cﬁcct upon . experimen subj.ccts.
A standard for \lead mining which has been proposcd was ‘based upon

dxtxons found in that mdustry This list, while it is not complctc, serves to mdmate"

the xrmtcd nature of the dam and’ cmphasxzcs the xmportancc of car cful mtcrprem

YERATS t\o demonstrate: ¢
there Sre\ .may “have  little value, ' In: thc,abscncc’ofidcﬁmt
course is|to consider all ‘dusts dangerous’ until’ _proved mnocen

. The dusty ' proccsses encountered in mdustry differ wxdr*ly and: exhibit a consid-
erable variation in the restrictions placed -upon the design and operation of. “devices
for .the control .of the dust. *No single method . of control can bc,unwcrm,lly,_a
plied; on the contrary a number of methods have been developed to meet the needs
of the dusty trades and the choice -of methods’ must be based upon' a thorough study
of local conditions. “The common methods may be listed ‘as follows: ~ (1) substi-
tution of a non-hazardous process, (2) isolation of hau:ardcus procef;s, (3) gtncml
ventilation, (4) control of dust at point of origin.

.The silicosis hazard has been reduced in a number of mdusstrxcs by substxtutmg

- for the dusty process one which is dust-free or which produces a relatively harmless -

dust.”- In the granite industry the surfacing machine, a heavy dust ‘producingtool,
has been replaced to some extent by the gang saw and the artificial abrasive: wheel,

“These are wet processes and have reduced the dust concentrations associated. thh -

the surfacing of the stone to a figure well below the hygienic safe limit." In

grinding and polishing jobs, the sandstone wheels have been replaced by ,_artxﬁm‘l_,: i
abrasive: wheels containing little or no free silica and though dust is still produced, .
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_ ,Tlus.metlm ‘of control s dec:dcdly limited in apphcauon gince w usually involves
mdammtal changes in the manufacturing -process. -Moreover, great care must be’
takw in’ aulayftxt;:txng tbe ‘so-called harmless dust, to make sure that a mew, hazard.

Ea ity pouﬂ)lc to isolate the dusty process in many cases, 'I‘hu may_ consist. merely
in: cmxﬁnmg the  hazardous stages of: manufacture -to a ‘separate building “or. room,
‘thereby reducing “the . number ..of mm _exposed to the. dust - (and these men’ Ty, be.

. protected by masks)," ‘or it may . mean . complete  isolation for | the” workers -in  an.
“enclosed “space, - Comp)ctc ‘isolation “of sandblastmg operations | within s - cabmc:t 13
now common practice.’. Escape of dust is prevented by keeping the cabinet under:a
: shg‘ht negrtive pressure,’and by menns ‘of suitable controls ‘and, wmdown, the opera
‘tnom mRY be directed  from the outside. - For 'some pmecues au‘komatnc blutmg
requiring no - direct | operation,” may -be “employed, although thc entrance and exit
Jocks for. the material, must be mrefnlly maintained in order to prcvcnt the escape
cof dust at these -points.

‘In & few. instances:o gcneralucd dust productxm thmughout thclactcx'y,
of - general 'ventilation” may: prove satisfactory as:a’ -means -of ; dust .control.”.

-such - conditions, ” the ~introduction ’ of  large® quantities :of dust-frec ‘air serv
- reduce the’ dust concentration by mmplc dilution.”: This ' method is used ‘in_ certain
‘mxnmg {operations,” also for. purposss ‘of -removing. heat and  toxic gases as mll a8

- dost, “In general, itiinvolves the. installation of large fans and is: cxpcnsxvc to “oper-

ClatesoIng oel"l climates it becomes prohibitive owing ito ‘the’ great increase in the cost
“af s hmtmg. “General ‘ventilation : should " be ; ‘looked  upon* as" an “adjunct to bther

. methods of coatrol, rather’ than an- mdcpcndcnt ‘method.

. Effective control of the dust at. -the: peint of generation prcvcnts xt;fmm resching

e the' brcathmg zone of . the ‘worker. and . hence oﬂ‘crs a  positive . means " of rcducmg
";ihe ‘dust’ hezard. It may . be effected by the use-of water or -other liquids for . cap-

’ ﬁurmg thc idust, or.by means of local exhaust thxlatmn.

i The! nee of ‘water. for laying dust is an old ‘method ‘of - coutrol STt has bccn used
extensm:ly i connection with grinding wheels and is' commonly employed in mining
and tunnel operations ‘in the form of wet drilling and water: sprays.’ In opcréttun,
some of the particles are carried off immediately by the stream of water; i whereas
others are thrown into the 'air ;with the water. spray. - The latter,” howc:vcr, are
suspended in ‘water’ droplets and therefore settle out rapidly.” This method of control
undoubtedlr - rcduces ‘the dust . concentration “but “investigations - have ' shown’ that | it
dogs not & ways give the high degree of protection required. . Its efficiency’ dcpmds
_primarily upon the completeness with which the particles are wet. =In some. cases
the: fine purticles  are surrounded by. mvclopcs ‘of gas. and may: pasn ‘through ' the .
liquids: mtlwut ‘coming ‘in contact with it. |- Others, escaping - with' the water spray,”
MAY.. remAin | smpmdcd in ‘the atmosphere after the water droplets have evaporated.”
The wc:ttmg cﬁimcncy has bccn mcrmscd m some cases through the use of oxlu
and other liquads, 05 ‘

Local exhaust - ventilation consxsts in removing the dust through a suctmn hood-
placed close to the point of generation, This method of control is widely used in’
industry and is most. cifcctxvc when applied to a-stationary. dust producing ‘machine
ot when it s attached to’ a moving tool, thus keeping ‘it at a fixed distance from

© the-point of - dust - origin, - Its  general apphcaum has “been : recognized “and ‘most -

states have moorpomted apeciﬁcatxom for the design of local “exhaust : systems “in .

their industrial codes. ” Surveys in certain industrial plants, however, have demon-

strated that many systems do not have the required efficiency of dust removal. . This :




xc!ocxty which ‘overcomes thc cncrgy of the: pak*tnclcs and draws them 'inta i the  col-
lcctmg system. ~The:air vclocnty required “varies - with the mturc “of “the 'process
since it depends upon the size, shape and dcmxty of the® partlclcs and theu‘ spred
of travel. = S :
This function is common to all cxhaust hoods :and thc ob)cct of their dcsxgn is to
" create the required air velocity with: a’ minimum .total . air. flow . and i power con~
“sumption, -but “at the same time thhout obscurmg or othcrwxsc nterfering . with
the manufacturmg process. To this end four:rules of: dcsxgn may:be’ formu .
Enclose the process as. far as: possxblc Properly “located hot sings’ or ‘baffics -

to mtcrccpt the particles reduce their energy; -and ‘hence” dccrmsc ithe ‘air vclomt}','_ ;

required for their collection. .~ Enclosing thc process also ‘reduces the ‘area’ of ‘the
. hood opening and for.a ‘given rate of air’flow increases “the: vclcx:tty at  the face
“The ‘use ‘of housings ' and bafﬂcs is - limited :to ‘processes " that “do not réquire cloae
. attention and manipulation. . The “Kelley -trap” cmplovcd thh pncumat!c rock drill

is a good example of a complctc: enclosure, - R

2. Locate the hood opcnmg im the path of the dust stream. In many matancm_
the dust is thrown off in.a ~well defined direction, and by proper ‘location of the
hood thé .energy .of the partxclcs can‘be made. to carry many, of thct_n directly - into
'thc collectmg systcm Thls is cspccxally xrnportant in: the case of. hxgh spctd grmdfmg
' : v ith i ff

, g :
air "clocxty decreases rapidly thh distance from ‘the' opcnmg, and hmcc. the ' distance

to the dust source has an important bearing . on: the rate. of air: ﬂow NECEISATY 10
producc the requlrcd air velocity at this pomt In thc ‘CASE . of A fopr mch Toun

point six. inches out is ten times grcatcr than’ that rcqulrcd in thc
’ two inches from the face. - It is important to note’in’ ‘this® cormcctxoa ,
thc rate of dccrease of velocxty with dxstancc zs fess’ for thcilargc opcmngs.

; produ"tlon, the larger ‘opening ‘or even one rcctangular in’ shapc would ngc bcttcr~
:..rcsults -Also, by placing a flange around the hood the: efficiency “ofthe " air: ﬂcm
is improved and the rate of ﬂow necessary to create a gwcm clocit;
is decreased, - ;

s meg to the great warxcty of condxt:ons under wh:ch cvchaust hoods are cmploycd

_it is impossible to formulate a set of ‘rules of design . which "are’ unuvcrsal in.appli
cation, On the contrary, every problem must be- solved mdcpcndcmly In spite ‘of
their limited applications, however, the foregoing rules serve to. cmphasxze the ncﬂd B




Indusmal Hea.’th .S‘ecnou -

“ for at‘.c:«m“cful study of; th:,;clumctcrlshcs of opcranom of thc dusty ‘process and
the ‘importance of the. acrodymmlc ‘characteristics of an exhaust hood in determining

. its cfﬁcm\cy. They alsosuggest- the xmpossxbxhty of cmplovmg any. smglc: measure
of operation a5 the basis of design,

. -State codes commonly ‘specify cxhaust hood rcqunrcmcnts in terms of the negative
statnc pressurc at the hood throat. :In some cases a single value has’ been “adopted
for all. dusty processes and an examination of existing ‘codes reveals a cnnsldcrable
_variation sin the suct:on requtrmcnts In some Cascs th' diameter.of

. is also_specified.

mmed by thv nature of: the process and .the dcsngn and’ 1omtxon “of “the * hood.
Furthermore, the rate of air flow necessary to develop the required air - vclocxty also
depmds upon the shape and size of the hood and its distance: from: thc ‘dust - sour
© o Thus the sta,txc: suction “at the throat bcan Tittle” relation’ to -the "dust’ collecting
officiency of an exhaust’ hood “and ‘has”no’ placc in"legal ~ specxﬁcatmns - On' the
contrary, the only “satisfactory - index "of - opcratnon is " the “efficiency of |dust removal
sitself. v Indusirial codes - should thcrcforc ‘be written 'in  terms  of | pcrm:ssxblc dust
- concentrations and approval must “be: bascd upon tactual “dust dc‘tcrmmatlms iin  the
factory.”: In’ this ' connection * it’ must ' be emphasized * that * visual mspcchon is ‘not
cnough since with the ordinary’ condmons of: xllummabon, com:cntratlon “below’ 50-60
- million” particies »per cubic foot- of air” cannot?be’ detected by the eyc alone. "
general, concentrations of this magnitude are well abovc the hygienic safe limit.
Satisfactory ‘data vpon the design of exhaust hoods can be secured only through :
- experimental investigation: and - experience, combined with “actnal quantltatxvc MeRS~
“urements of “dust collecting efficiency and carefully executed mvcstlgatwns of thns
“source must w‘placc the prcscnt unccrtam methods of dcsngn E :

SN . Wk ?)& QL'\ V\ -
Methods of Pmtcctmg thc Workcr Agamsf ’ M
Dust Inhalatlon

By PHILIP DRINKER

Ammta meemor, Induml Hygicne, Hmard School of Pubhc Hcalth j, i
s Bontnn, Mage.

The sxbcons problem ‘in this country is not a plcasant spectacle for tho.se of us
concerned - with industrial - hygiene and safety measures. ;' Painful ‘as the ‘cure may
he, it consists of - two: pcrfcctly definite steps:(a) " medical . examinations ' of . new
employees and routine ‘examinations of all persons exposed to dangerous dust con-:
. centrations ; and “(b) rcductxcm of dust conccntrattons brcathcd by work«crs to what
are considercd to be safe limits,

H dustiness can be controlled by local cxhaust fang and dust collcctmg equ-
ment,  proteciive dewccs such ‘as respirators or positive pressure. helmcts have no
place “oxcept A emergency - equipment. Howcvcr, many " processes  like - abrasive ’
(sand or “stecl)  blasting,” paint and enamel spraymg, porcelain manufacture, - stone

“cutting, sand grinding, and the like,” will not, in’all probability, be made rcasonably
dustfrec- for some years to come. In work of this type, respirators “and:other

" protective devices have an important place. The safety man should understand
thoroughly what can be expected of protective devices, and above all, should be able -
to check and observe whether the workmen are getting the protection they require.

|
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Onc sces occaslcmally statcmcnts to the £ ; ;
industry ‘because they filter out’ only large: partxclcu ‘and “let " pass thcismall ones’
which are always the more harmful. © Against this ia- the’ mduputable factithat the
dust catching efficiency of several ‘makes’of - respirators exceeds’ 90 per ,cmt'(m
silica dust with pamclcs less than 2 microns. . A careful .measurement of the ‘size
of dust pamclcs cntcrmg and leaving rcspxramrs shows -2 “slight * but lmxmportam
reduction in average size of the dust particles, ‘But by far . the ‘most convincing
proof that well built respirators remove dust is the microscapic examination of the
nasal discharge and. sputum of a man who wmrn 2 rcsp:rator m B dust‘y atmosphere
and of ‘one who does pot.:n T

Roqturementa for Respu'atorz Lp to thc prcscnt time our only U. 8. specifica-

tions for respirators have ‘been formulated by the Bureau of :Mines. Rcspxratox‘s

submxttcd to their Pittsburgh Expcrxmcnt Station -are tcstcd according to a schedule .
which is the direct result of their pioncer ‘war work in gas:masks.= The Bureau

requires for approval that a gas mask canister.: (whxch mcludmwrcsplratom) have .
at least 50 per cent filtering cfficiency against tobacco ‘smoke, : me:asurcd at 85 liters
per. minute, and a resistance at:all times of (less than four) inches ‘of ‘water ga.ugc,'
and that the filter shall not plug rcadxly ‘and thcrcby make - the! brcathmg resistance
prohibitive. = They require also a “man test” in which ' the "respirator i shall - give
adequate protection to men pcrx'ormmg light:work in an. atmosphcrc contammg An
xrrcspxrablc suspcnsxon (not snlxca) “of deﬁmtc concmtmtton

‘At paper: by Katz, Sm:th “and Mcxter ‘of the; ‘Bureau of | Mmcs,:

7 that these specifications are. inadequatefor - rcspxmtors in daily ‘use in mdusti'y.

resistance of four inches at- 85 liters’ ‘per minute’is too high for any but the trained
subject such as the soldier 'in war ‘time or -the rescue squads of our .mines and
public utilities. - Katz showed that respirators with high cfﬁcncnc and low resistance
were entirely practical to manufacturc and_to use. :

The Bureau dctermmcs ‘tobacco’ smokc cﬁicxcnmcs b) cstnmatmg photomcmr:a!ly.l
the smokiness of .air cntcnng sand lcavmg ‘the “filter. of the’ respirator,:
density ‘or _concentration” of : the ¢ smoke pamcles i atr s < poti R
similar photomcmc procedure, -the filter can be tested for silica dust’ efficiency. :Thc:_
. test is rapid and rcasonably accuratr:%«hcﬂce its ‘appeal to the, )Iaboratory workm“,f
For - tobacco smoke 'testing, “the” mcthod .waorks mccly but : for dusts‘
the “ntcrs op:mon, satxsfactory

“air passed through a standard impinger, and: thc 1mpmgcr samplc cornparcd Against -
- another sample, taken at the same time, of the unfiltered air.’,' Comparizons of [the,
two samples can be made by the standard dust counting method :by: turbidimetry |
“or photometry. The last mentioned is much the quickest and is 3ufﬁcxmtlyiaccm“am
for all practical purposes. A ten to twcnt) mmutc: dustmg should give an: efficirnoy
of at least 90 per cent. . 5
“Finely ground calcium carbonatc (less than 2 mncrons) in the. form of .. “hxtmg
hmcstonc: or of magnesium oxide smoke (less than 1 mieron) from: bumed MAE-~
nesium ribbon can’ be determined either, chemically or photomctncally, both iprace-
dures being quicker and more accurate than the’ countmg method, & A 90
- minimum - eficiency is rcqmrcd thc test conccntratxon varying from 25
. per cubic meter, -
3. By burning vellow phosphorous, a wct whltc suspensxon ‘of :about thc; exture
" of tobacco smoke is obtained. ‘A filter which shows 50 per cent’ “efficiency agalmt
thxs subsmncc usually exceeds 90 per cent agamst fine silica. Estimations can best

’
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be rmdc mhex by usmg two 1mpmgcrs in' series or by clcctnc prccxpmtor and
- determining chemically the quantity of smoke collected. . i
4. Smoke made by burning various kinds of pipe tobacco are a llttlc ‘easicr to
catch than the smoke. formed by burning the special mixture used by the ‘Burcan,
By drying thoroughly .ordinary pipe tobacco and using chemically dried air, a smoke
approximating that used by the Burcau is apparently obtained. A filter which shows
50 per -crnt cﬁxmmcy against smokc from drxcd tobacco WI" gcncrally cxa:ccd 90 -
per cent against all dusts, : '
5. Resistance -to airflow, by the Bureau's set- up, should not., cxcccd 03 mchcz '

kbeforc: ‘silica :dusting  (item 1) ‘nor 0.4 inches . after “dusting, both resistance tests - '

1o b madc at 85 liters per mmutc, using an inclined manometer and suxtabic ﬂow
meter,”: (The Burean now permits any resistance less than four inches.) :
A more exacting resistance ‘test is obtained by drawing ‘through known amounts
of magnesium oxide fume which has an extraordinary tendency to plug filters, ..
6. For the man_ test, a small hole is punched througlh . the "face piece of the

respirator and & small bore, dust free tube is connected to a special type of impinger: . .

or to an electric precipitator. A man,: wearing “the respirator, performs moderate !
work-in an atmosphere” of -known” dustiness ‘and air ‘from’ within:the face piece of =
the' respirator  is -sampled for. dustiness at 'a steady known rate “of about “15 liters
per minute or Jess. The dustiness of the sample thus coliected should not .exceed

2 million particles per cubic- foot -or have an efficiency of less than90 per cent, :
whichever rating 1s the more exacting. The sampling rate, in . this case, .must. be .-

about .18 “liters per. mxmxtc,‘m -order :not - to ' interfere -with' the "natural .respiratory

efforts of the subject.” Xf it 'is desired to sample by impinger, a tube with a nozzle .

. diameter of about 1.6 millimeters (instead ‘of the standard 2.3 millimeters) - shou\d
- bc uscd, vnth whxch mstrumcnts a rate of 15 htcrs per. mmutc 15 «uggcstcd :

i Reqmimme:um for Sﬁndblut Helmets. Wmslow Grccnburg. and: Rcevc_s have
. «shovm_,, that: positive pressure ‘sandblast helmets  can . be 'tested .while actually in use -
< hy “the “sandblaster. “An improvement of their technic has been ‘made by Greenburg
and ‘Bloomfield, "sa that anyone familiar ‘with the standard impinger “outfit "can per- -

- form “the necessary tests. All ‘admit that sandblast helmets should bc tec.ted undcr :

pract:ml “sandbiast conditions and not in the’laboratory. :

“A’hole’is made in the helmet, a suitable rubber tube connected, and thc air thhm

‘ihc helmet “sampled by “the “standard impinger, ‘at 1.cubic foot a" minute, ‘for-a

" reasonable’ period-—preferably at least twenty mmutcm “The * subject * should . be
sandblasting throughout the period of - sampling. - The dustiness - thus * found - should

_be less -than. two million. particles per cubic foot, regardless of the ‘abrasive ‘used -

* or the conditicn of the objects being blasted. As a control, it is advisablc to sample -
', the comprcssctl axr supphed to the hclmct in case thc mr supply 1s xtsclf also dusty

: chmmmanm for Pamt Spny Maxkz “As pamt spraymg is carncd out only
“with a_convenent source of. compressed air at hand, it is natural that masks supplied
with ‘positive pressure’ should be ‘used. - Like the - sandblaster, the paint spfayer -
~ moves ‘about but little and is’ not grcatly inconvenienced by-a light air-line attached
ta his hack o clothing.”:While spraying under ‘practical conditions, air- within his
‘mask _should ;e sampled ‘and - the pmtcction”aﬁordcd by the mask rated in terms:
of the concentratwn inside the face piece.”" The’ dcvxcc should gwc thc same measure |
of protection as afforded by the sandblast helmet.” e i
" The ‘manufacturer of 'protective  equipment should bc ailowcd all possnblc hccnsc :

rm medifications “and - improvements having to do .with appearance, obstruction -to .
vision,’ comiort, mggedncss and practxcab:hty of his’ equipment. 1 If the manufacturer &

~ desired  his” product “to_be  certified ‘as to its performance under the conditions for :
_which be i designed’ “and buxlt it,’ the “prospective purchascr and safety mgmccr is
cqmlly desirous of knowing the performance data, -

In wcw of thc past work of the Bureau of Mmcs the unquestioned mﬁcgrlty of .




facturcr of protcctwe equxpmcnt wccomcs' ‘cﬁmt pecif;
‘ testing ' bill whether i hi
pass-cd or rejected.’ No- pnvatc ‘testing g
. this:type of work w:thout chargmg the mnufacturc alfectadequate tc
' : or. . this " type. of

7“thc Bureaus laboratory., Unlcss an’ absurd andiwholly

. pay-as-you-go, basis,

"amcndmmts to ‘the' occnpahonal dxscasc laws i in" various” statcs for the compie:t‘
“coverage of occupatxoml diseases, so “that : claims can be’ decided iby. thc commissions
rather than by common law." The. ccmﬂ:ct of -testimony by somllcd _experts APPLAT-
ing before the commtsmons is somctxmca rcmarkablc ' ;

" to'he- pald by the” Smtc whosc op:mon in cofnpcnsat:on cases _shoul
" There is '3 grcat dlffercncc of opxmon about thcsc cascs, saxd»-Cha

industrialists have not been a!crt to the smxatx(m but thcy can“do

the future.  Compensation Boards in the: past” have  been somewhat arbrtrary fn
their decisions. Some time ago I suggested . in Connecticut” that “the s commission
should be made up of a lawyer, a’ physician: spcmalxst, and an. cngmccr bt this
suggestion did not mect with very much favor.

Asked to outline how 'silicosis cases are handled in Canada Dr. .G Cunnmgham,
Toronto, Ontario, said: Our laws define the  terms silicosis /and tuberculosis,
and they further define the industries and occupahons ‘affected,” but they . refer: to'
mining especially. The cases come from the individual phys:cxans and “are. referved ©
to the silicosis board. When the claim is reccived, the board ‘examines the ‘records
and the claimants, to see if the regulations of exposure have been zcomphcd with;
if so, the claimant is personally referred to the silicosis board; two or:three ofvthc
members examine the case pcrsonally, and then ‘each case is decided by "all threc™

members of the board. The claim is then referred back to the compcnsatnon hoard. o

Two other points of interest occur to me, hc said further: first,"we have had a
number of stone cutters with 15 years exposure to limestone, contacting: tubcrculoms,
but in every case the occupational history showed that they previously ‘had. cut'sand-
stone; second, in an extensive examination of workers exposed ’ tosilica | dust’ and
alkaline powdcrs, reports in the literature have shown the rapid development “of -
silicosis, but in our experience an examination of two small groups with “similar =
exposure has shown only a small amount of fibrosis. The importance of expesure
to coal dust also has not yet been sufficiently realized. : B P T




."Lcal U S Pubhc chlth Scrvrcc. \Vashmgtm. D :
pomt made bv Professor Dnnkcr comcrnmg the use. of masks. that ‘the ‘minimum

Cin' thc: variouws indnstries’ workcrs are’ found who have sharp and . lrrcgula feﬂtures,
and “many ‘times a mask’ ar. respirator “will ‘not ‘work “on these faces as’ on ‘other
workers with round, smooth features.” The protective device thus becomes a menace
- vather than a help. :We are also very much conccmcd whcthcr the filter is satisfactory .
uand will properly strain out the particles. i,
=Tt has been mc:nnoned said Dr. Russell,” that some hrncstonc and sandstone workers
: havc had silicos We must remember that granite workers and others have “shown,
- the ‘presence of sxhcosns although thcy ‘have not’been directly exposed, and ‘othe
workers beside cutters have shovm ‘the presence of - silicosis, ‘all of these cascs being
due to previcus occupational. exposure ‘involving silica hazards. . Recently we had a
case of a man with silicosis and tuberculosis, his{job havmg bcm loading coal :(not
a real silicosis. exposure), but previously ‘be had: been a gold ‘miner.” He: is:now: 50
vears old, has fubcrcu]onis,‘ and three of his five children also give positive tuberculin
reactions,” which s’ agamst the usual conccptlcm that tubcrculos:s from mhcosns xs
transmissible. SRR .
: Professor Trinker said: I haw becn a«kcd v.hcthcr I comtdcr a rcsptrator a gmd
" protection i no other apparatis s available.” My answer is that it would no# be.
In a-high concentration of dust, if the respirator is functioning properly, it: should
reduce the amount of dust breathed.” But a respirator is not really an eight-hour day
' apparatuﬂ -In other processes, however, where the work is intermittent and a work-
man - is not -obliged to wear his rcspxrator contmuously it should function as an
cﬁimcnt protective apparatus,

WEDNESDAY MORNING SESSION
OCtOber 5, 1932

For the record of this jomt aeuion of delegates of the Industrirl Health Sccmzx
with the Chemical Section, see page 166 of this volume.
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Chairman Greenburg, on- the opening of this session, called for the report of the
Nominating Committee and officers were chosen as follows: '
For Chairman, Dr. R, G. Leland, American Medical Association, Chicago.
Vice-Chairman, Dr. W, R. Redden, American Red Cross, New York City.
Secretary, Dr. C. Q. Sappington, Chicago.
Chairman Greenburg then introduced the first speaker,
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