PLAINTIFF’S EXHIBIT

December 27, 1948

Or. Charlies H. Sullivan, Jr. Q/ '
Armstrang Cork Company - A
Lancaster, Pa. . & )n,-@ [ {

T wldey

. Dear Dr. Sullivang
. - I am enclosing & short sketch 65 my services taksn fiom

"Nho's %ho in Industrial Xedicine.® You may use any part you
wish in my introduction.
Very truly yours,

We Jo HcConnell, K.D.
Agasistant Medical Director
Director, Industrial Health Section
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a¢ strixing #s vha ~dvunces huvs been !n nes 3 thsds und rew
tovhinivue Lo geb:-:cining ths vailrtile eolvents in the rorking :nvironment
waring race:nt yesrs, 5ur anovledge 5f their toxic ectisa has not <apt pace
»ith thé evar-mouating number >f newly oerfected =slvents uszed in incress-—
ing cuentity und viriety in nrerly every manufscturing industry t>day.
Further cifficulties frequently are expsrienced in identifying their chemicel
coapoclitions which are coacexled by the use of vurious trede nan-s.

although f{t is qulte well znown that the lnmhal=t’sa of coneon-
tratec vapors of certsin of the volatile szolvents 1z Gangerous, it too often
happens thut the dangor inhereat in sase of the nuwnr solvents ass not been
suspected until fatal poisoning hss occurred or i‘nstances of sicknass have
besen traced bacs to tneir exposure. Polsoning from the industrial use of
such solvents csn be avoidad only by more scieatific énd, ineldentzlly, less
axpensive nethods of deterzining their toxle properties befsrs use.

lLespita the fsct thet the celluler reactiocns of small leboratory
snla:le wre pot strictly analogous to those.of 3zam, r.posurs >f these aniueals
to verying concentrations af salvané zaterisls provide relevant svidence of
the érobanlc efiects of thesa lubsuuec; on ;u. While naturally there nay
b2 dlfferences, both qualitative and quantitative, {n behavior betwesn nan
and laborstory sataale, sufficient manifeatotiss of the tyoe of toxic sctisa

*faad tvefore Llth sonual Conveantisa -~ Graater Mew York Stfaty Council,
tiotels Pennsylwvenia and Governmor Clintom, Asril 17, 1340.
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~usually can be predicted. However, It sust ce raaembered that the toxic threshold

3£ solvent vspors for 2sn can only be roughly esrorimated from exposure >f anizels,
cven wnen acosage ls cirefully correlatsd with body r~ight.

agife from-imdividual veriztlons In the >hysislogical res-vonta to toxiec
vapors in asa, ticse vapors arac-nt a stecial risk to those individucls who cre
elther unusually sensltive to polsons or «re suffering from orgsnic diceases vhich
incraag2 thelr susceptibility. Therefore, =¢ desirable us soma mesrure~ of the
harafulness of =n stmosphore iB shich men woark undoubtedly is, our corrent tables

of azinimum torlc concentratisng wust be accepted with due conziderstion for these

verieble fectors affecting the individusl.

after inhalution, solvent vapors enter into the general circulstiosn

end are rapioly distributed to the hesrt und to tha central nervous system, whers

. they can produce either & general toxic sction without harm to the respiratory

pcssages or s aixed effect, baing generslly toxic and loczlly irritsnt. Seldom
do these exert their influence on s single organ. Changes ususlly sre found in
the blood, «idneys, lLiver, hesrt, nervous syetem snd other orgens. A faw irres-

2irable vapors «ct so wiolantly In tha upper resoviretory tract and lungs that

taelr generul toxic effects are cecondary considerations.

Jther avenuas of sntrence {nta the body are by vay »f the gastrointes-
tinal tract snd by absorption thraugh the intact skin. Substances lngested, Lf

they do not lnitiate vomiting, may be absorbed by the !ntestine in varying amounts,

.depending on their projerties and their resction 5a the ztomach contents. A

_ major portion of the ubsorbsd aaterial passes into the portal circulutisn znd may

b= satlsfactorily handled by the liver. The intact skin iz vulnorable to some

of the more toxie fat soluple vapors. Lermatitis may result froa the contloual
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handling of slmost any of them, cither becsuass »f their I+t solvent aronarties or
becaus= of ssnsltlvity, puturel or scquired. A few wmay =ffect the ayes end any

9ptle a=uritis or peraLysii in " orkeré srpogad thould give riee to ‘nvestiygstiosnm,

!ith-f;' =xcedtione, ell volatils solvents, if inhaled in =ufflclent
woncentretioa for s sufficient Luongth of time, 18y be =aid ts be detriznentsl to
heultn, cltnsugd tuelr eurly «ffects on the biady freduently zo unrecognized or
are regurded us aimor silasnts »>f no conseguence, because of f‘nsdeguate nowledge
of tnelir ohyzlologic propertics.

If tae nydroc.rbon groups of solvents -~nesunter:d Lo industry, the
moat i{mportant froam taa polnt >f vi-w Of toxiclty ie the aroastlic saries.
bensene (benzal), ane of the aset volatile of the group, 18 widely used in ‘nfustry,
not only as & solvent end diluent, but in learge cucntitlies in the blending of motor
fuels and in the chealcal incustries. The central nurvous system primarily is
af{zcted Ln acute jolsoning in contrest to its destructive cction on the bliod,
the blood-forming orguns, znd the blyod wvessels in chroale poisoning. High con-
. centrations of benzens sre rapldly f=ztal, vhareesg exposuree of wodernte concan-
trstiong causs symptoms siailsr to alcsholic Intoxication at first, but ere fallowed
by syaptome of progressive depressiosn, twitchings, convulsions, and pecralysis with
loas of conecisusuess. These sre not coamon tynes of poleoning snd ususlly result
from an accident or ln cleaning vsts, tsnks, =tc, Repeated sxposures to small
concentrations of benzene céuge gastra£nteati£al di{sturbences, hacdaches, vert!i;o,
weskness £od freyuently nosebleeds, snd amall heaorrhzges of the gume =ad conjunctive.
Th= blood undergoes changes es £ rasult of deetruction >f the blood-forming organs.

anemia is sn important alignsstie fuetor.
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Ehile thezre oy be at first & slight leukocytosis, a arythropenia
znd & l:zugopenlz sltn a 3light reductlz>n in hemoglobln content £illow. Thece
finaingz ars sJpport:a oy Lr. P, a, Luvis, who sne benn :bescrving and exenining
batwaen b;jds:Léd-7;JGU'aen snd women wnore work lavolved contict with various
coampounds cantainlag oenzena for th: Ll:ist tweaty yeers,

A r.cwzot avaber 3f the Jourasl of Inkustriel Hygtane -nd Toxleolovy,
02 :ver, 0a& :uolished & eerles of flve 2=prrs on chronic inmfuctrisl Yenzene
solesoning valch chi:ileage, ssre or Lase paositively, >ur pressnt concentisn of the
élagnoaLS, clinicel courss =nd psthology of chronic benzene 3>'edninz. Rhile
tlae »Lll not 2rmit & dlscussiszn of the cointroversizl fsctors resented in
these Japers, it le obvisus that the toxic effects of benxzane muct be restudied
i{n the lLizght 2f these new observations.

The wction of the higher homologues of benssne are &lso somewhet
controvirsial, perhapp becsuee in industrisl use benzene frequently s resant
t{n the alxture. Under ardinery clrecumstances, they anre ohyiruely l-=x dangerous
then bDensene beceuesr tavy sre less volatile, Tolusne, though more irritsnt -.nd
exerting a slightly amors narcotic =2ff~ct on anlmale, at larxst does not sprecr
to have a destructive effect on the blood and the blood-farming orgene so
charseterietic of benrene. Xylene, which caarercially is usually a aixture of
three iLzomeric arylenes, iz bell:ved by zom2 authoriti-ss, ynd denied by otliers,
to be .Jors toxic in proaueing narcotic effects than benzena snd toluane. Like
tolucne, Lt coes not cuuse charscteristic changeez in the blood or ln the bload-
forning argans.

The nigher !15a0logues >f benzsne, osther  than toluene and rylene, sre

seldom uced in pure fora, but in airxtures of verying compositiom. Alth>ugh further
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lavestigation aay demsnstrite toxic propertiss, =t oresent they are considereod
auch l.&s dangersus than bensens.

The cozl tar solvent nsphthee should be distinguished from ths petrolaum
aLstilLate-ézggthh;'“EFEde naphthe consists »f & aixture of benzene, *t>luane,
xjlene, cod >thor lmpuritise. Coal iar zolvent naphths, though vsrying in
coaposition, consists of aylemes 'nd cumenes =zad small quantitl-s >f hydroec-.rbons
of the jparaffim series. ualflash naphtha, sccording to Lr. alice dsmilton, if a
alzture of toluene, xylene, :nd the still hzavier cumenes, Eolvent naphtha
consists of xylene #nd nigher hogolsgues, :nd is rolstlvely free of banzenc und
toluens. These nsy )rocuce scute oolsdning in man shen csaverely exposed =né cecth
aey result from rspiretory parsiysis.

Nuphthalene, a distillation product of coal tar, cauces local irritation
&8 vall a8 systamic toxle effects. It nay ceuse 2 rsthar severe eczema of the
ecin sad injury to the cornea. rﬁxphthslene has been suenected by a number of
sbeervers 8 a caus: af cataract. Gastrolntestinsl disturbancee and irritztinn
of the tidneys have besn sbgerved from {nhslstion of Lts hot vaporse.

The coal tar distillutes 2lso furnieh us with sn latzresting group of
pharmaceuticals, guch as aspirin, novocaine, #nd esulphanilamide, to wusntisn only
a few, Sulfapyridine, which has been so successful {n the tresutment of nneumonis,

is produced from the tar base - yridine. Of current 'nteraest ls thes utllizatisn

~of coal tur Gerivatives i{n the praduetion of nylon from which textile fibers

are nov being nade.
The chlorineted hydrocarbon group of compounde er- importsznt beckusge
of their anesthetic aad joisonous zetisn. The aember of thie group with which

ve are u«ll familiar i{s chloroform shich posserczes high golvent powers, but does

‘oot find wide application in industry because of ite well known anesthetie
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praperties. Tne most widely used sslvent of this grouo is carbon tetrachloride.
[t i= used extensively &5 & clesning fluid, in flre extingulz::re, and °2 2

23lvens for fata soa oils. It hes been used wedicelly oc s veramifuge i{n rookworm

dls=use, féAi; very muéh Lize chloroform Gut s aove toxie. [te narcotic affects
vr+ l:85 a2:r&ed thsn tnogs of chloroform, but Lts torxlec offacts >n tha tiver,
b.srt, .nd xidn:ys ere auch -wore ranid.
Iricnlorethylens, b:cruse >f its solvent cction >n fzts -nd oils, is

us=a &6 & tialaner for coatinge snd vernishes, and v& & solvent for rubber, replecing
cLroon tetrmchlorids ia aeny instances. It 1s marketed under nsny diffarent trede
nyaes. [ts chief inaustriel appllcetion, however, is in the =2tal incustry =nd
is used In degrexsing of netal parts. It is claimad to be 2ven lesa narcotle
thun carbon tstrechloride, but its toxlclty i3 in the sa®e >rd«r. Bacszuse of *the
mild feeling of lntoxication it creates whem Inhiled n low concentratlons a craving
for such eiposure may develon leeding ts anemia and nervous sequeles.

| Tetrechlorethune, ¥hich hes = wide field of =zpplicetisn on sccount of
Lts cigh solvent power, ic thue a0set polsonous of th: chlorinzted hydrocarbons. Its
toric «ftzcte huve restricted Lts use in the asviction industry, vhere Lt was uldely
usea during tne World §cr in seroplzne “dope®. [n acute noisoning the symntcoms
develop rapialy resulting in atrophy of the Lliver, Jaundice, rnd fatty chsnges in
other viscera, czpecially the hesrt. In chronic casges the blood chinges cre narced,
lewaing to seconcdery &anemia, helogLobinuria‘aud hesolysis.

Uichlorethans (sthylene dlchloride) used in the chomical industry and

s& & clraning fluld end in the extrzectisn of >ils =znd fsts, hes irritant and
narcotlc jraperties but so fur hss not given rise to chronie syaptome from
srolonged exposurs. It Ls frequently mized rith elther trichlorethylsn= or

carbon tstracnlorlde.
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LCicalorethylane is uewd <8 » eslvent for callulose rcetate =nd
«8 = gry-clcanin, :4,20%, =s well :s io the rubber .nd 2erfume industries.

It :ze n.reotle end irritsnt proaertiag, but snly ~ne fetal cese no‘ed by

azuilton i; 1534 nes be2n reported from tte Industrisl use.

Tetrucaiorathyl-ne {verchlorsthylsne) us ¢ :r n constituent of
galvent torps oo +5 a fet sylvent {n the arinting {ndustry und zozetizes -s a
dry civéning ugenl, lg 4 reletively new solvent and {2 lese nzrcotic than the
mejority, =Ltbough cymotome of drowsinees, heudeche, glécimess, nnd & nsrrrowing
o1 the vi:uul {leld hove beecn reported froa rapested daily lnhwletions.

Calorinsted nuphthalene raducts, used, waong o*h-r ways, =2 2 firm
>f-wax in lnsulating, have been clserly chown to cause severe sxin troublus and
have csuged sywptoms of hepatie disturbsnces with fetal ceses showving signs of
toxlc jsundice. It 18 intwresting thet there subetances &prezr rel:tivaly hara-
L2c2 wnen cold, uut wheﬁ heuted, desoitas tha fuet that they 4o not decompoce,
th lr ;cpors ctUce GChe Tore Jor lece cherecteristic of wax or tzr sxcne.

aqOBE the msny toric cheamleals resulting from th2 latratuction »f

sulphur loto elliphnstic hydrocerbons, crrbon digulfide dazervee speclal mentlon
becuuse of Lts verled uftects on the body fol'owing repsated erposure to smell
conceatrations. It iz us~d as & salvant for fatiy bodiea {n =ssential oilr :nd
recins &8 well a8 Lo lnsecticides, #nd ln the rayon, rubber nnd chentcﬁl {niustriss.
In ni_n concantratisnz, carbsn dlsulfide funéc affect & per=on somewhat like

chloroform end, if e.posure ig continued, the fumes ceuse complete ingensibility,

cona and death.
Chrynie polsoning is chsrecterlzed by paraletent herdache, somnolence

during tne dsy, elasplessn-se ut night, ~nd weakness of the llabs. It is esrtr:zely
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damaging to the nervous sycten, crusing o>olyne2uritis, visuel cisturbsnces,

tremors, a-ntei confus’on, eevere Jcycansis ind 2taria. 4n impartant chsrecter-
lstic >i twiie yolesa is ite =ff=ct >n the highsr nsrve cant.rs. Not oanly is

it dazagingizgnthé'éjggl'but the aleap~ecrznce 2f tha cornesl refles s ia suid

t> o¢ en srly clgn o& poisaning. Recovery !r tlow :nd Lf the noleonlng ta

£uv.re, ther® &y be )arasp-nt {njury. Jnc attock sey oredianses t5 & s+cond.

Petroleum nycroc:irbing, which repres:nt mirtures f ay“rocarbons Lsving

ad déan§ta caampasliisg, =re 2ifftcult to> sppralse physisloglceslly hacaussn sf
Loeduquate inoslecgs Ji the source >f thelr sraauct and the roc-2s of manuf:cturs,
~Iney uxve &n extensive use as =n automobile fusl snd ~= solvente in ths rubher,
clectrical, psint and varmish, glue, thoe, =id orinting Incustries. Thay h:ive

a »ildly rnacthetie sction sod in Bigh concentrstion cause herdache, dixziness,
blurred vision snd even laoss of conscisusnese. Generzlly epeaking, Lt spoears

that their toxiclty lncrecess »ith their specific gravity aad bLoiling volmt. Any
'cnronié bload dsacge from this group ir controversizl =nd, if found, probsbly
salnte ty the sdvisability of looking for rfoms other s posure or csuge, particuiurly
the ‘dmixture 3! >ne of the wore dangar-sue tynes >f solvants in the substancee
" handled. Lixe sll the other solvents, these can readlly ceuse & daraatitie.

Turpontine, which is a aixtura of terpenss, cliesly releted to the

sroantic nydrocarbons, is used chiefly =8 a snlvent or thinner !n the npaint und
varaich inoustry and to some axtent far cleaning type and rollers of orinting
. aschinet opd for cl-qaning fabrics. Tufpfnttne vapors huva = dlract zctiom »n the
scin, ctusing reddening =nd not infresuantly sn abstinate ~czeme. [rrit-tion
'af gucous a-mbrunes :nd burning 5f ths ayns are experiencrd with comprratlvely low
concentrations. Tha imhsalstion of hoavy'funﬂs of turpentins induce zymptoms >f

» ®lld narcotic >olsoning. MNephritis hss been repsrted from prolonged exposurs,

-
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A iaré;r group Of nev;r solvente vhich L= éapidly coming ints groater
srominence ic the aleohol-stuers, or ixides, Jftan thecm <2y te compounded with
shthulle .cid, oralic ecid or foraic veid, thereby inirolucing the aossibillity
of & :ccandifi}%c_gqqggiv Jur xnoxlecge sf thls group Ls lcpgely b rced an onimel
sxperizeatstion, tiough & number o>f ceses >f incuctriel ~olsoning Have bmsan
reported, &g u group, they ure nzrestle ar znssthetle, rod s34 5f th:om are known
to be toxlc in thne higher cancentrstins, but ths-» tc Littls {nfsrmutisn crnc-ro-
ing thzir chronic effects >r the zexitum permissibla ¢oncentratiom.

The alcohale 2nd their ethers are parhecps the moct widely used of the verlous
cluszes of solvents. 4is & group, they are narestic and injurious to the nsrvous
system. The toxicity of the slcohols generally incresezes with the asleculsr
veight, but che decremsed solubility snd volatllity of the highsr aleohols partiselly
2ffs=t the danger of exposure to concentr:zted vapors. The exception to this rule
is wood alcohol wnich includes methyl alcohol :nd me*hanol =nd is psrepsred both
by aistillation of wood and synthetically from cerbon monoxlde und hydrogen.
although its narcotic effuct ls lLepe azrced thsn that of ethyl slecohol, Lt im &
poverful nerve polson which specifically ..ffects tha optic nerves und 7ay result
in blindness -nd desth. Jwing to the sccumuletisn within tha body Llasues
of Lts oala: tisn provucts, formaldehyde and foraie scid, =nd Lts alow exerstion
froa ths body, Lte effects >m tha nervous cystes are hasz-~rdous {roa continued
gxposure t> :sven saull coneentrations.

Bhlle propyl, isooropyl, &nd'bptyl alenhol eh:ire with the other alcohols
& nareotic «ffect on the central nerv-us atrudturho, their induetrisl usze hes
c.rried littls danger for worksrs. Iphalation evoarinenta with the recondcry end
tertiary alcohols are regulred to indicats thelr dunger froa anm itndustrizl soint

af view,.
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The zost laportant group of =olvents f&r nitrocellulose and cslluloce
acetate sre found swong the ostars, keton-e, glycols end thelr ethers, 2nd
furfuruls. ALl sre nurcotic In sufficlently hesvy concentrstiins <nd In
praportion Lg_theirkxzfétilitlas. Fherers (ctal sccldente nre very rare,
avidence 1;"Seginning to apj-ar nolnting to their ohysislogie 2ffeccts as being
aors dangersus than they wera formerly consider=d,

althoagh the a5st cozwon <ffect noticed from the iphslution of eyl
ecetats, xnoen ~e “boanans 2il® and readily recogaized by its sweet, sickening
odor, la merely thet Of irritstisn on mucoues membranes, one death which mss
attributed to amyl acetate intoxicatisn ie reported in the literaturs. A fatal
caze >f seute poisoning by sthyl acatate also has bean reported in a workasn rho
was puinting the lnterior of x tank with +slnt contalning 30% othyl ecetate.

Methyl, propyl, and butyl acetate are other meabsras »f ths ester
group of solvents. Ethyl and butyl acetates are the zost widely usad of all the
solvents of nitrocellulose.

Jf the ketones group of solvents, acetone, a highly valatile, inflammable
fluid, ia probubly the most widely ueed, and Lt ia ocne of the acst powsrful sol-
vents <nown. absorption taices plsce through all mucous zembranes and ias excrat:d
through the lungs w.nd urine. It has a narcotic action msore pronounced than that
of chloroform and is irritant t> the conjunctiva aﬁq skin.

Several ketones of higher moleculer welight have been rscommaonded us

~ good solvents for nitrocellulosc, but they hav: 1ittle or no effect om celluloze
acatate. The more lmportant smenbers >f this grsup are znethyl-propyl kstone, or
‘pentanone, =nd sethyl-butyl ketose, or hexanome. Thelr acute effects on juineca-pigs
were studled by Yant and his collesgues, who report that death results froa a

state of narcosis rathar thaa froa the irritatta; of the lungs. All fatalities

" occurred during the exposure. den momentarily exposed to approximately 1.3 and 5
per ceat of pentanome vapor aad t¢'1.23 amd 2 per cent of hoxa:o-.vfpor complained
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of Lrritation of the syss und natal pesesges and of # charscteristic atrong
odor. ‘

The glycols und thelr derivatives sre uaed in & veriety of induestprisl

Jricesses. nghylrne glyéol is Bonetimes used'se a constituent of enti-freesze
ail.tures «nd the drioking >t such & aixture hes sccasionad the only rerl-us cases
of polsaqing. L.ath sppasrs to be due to raspiratsry failur= snd cenvulaions.

Ths m>no-=tayl zther 5f athylena glycol, or "ecallasolve®™ is en
iaportant coivent of thls group. It ls & =table Llquid end it ie used s8 z aslvent
for nitrocelliulose »m resins. It o2ffers th: advantage over moet sthar salvents
of zlmilsr boiling >olnt in buing nesrly odorluss in low conerntrstisna. It
tas found by Walte, Patty sod Yamt to be toxic for sniasls. During the investiga-
tion two aen, who breathea air contalning 2.5 ~er cent by volume of the vanors for
a f-w peconds, reportsd the atmosphare ta be {rritating to the ~yes and of e

‘disagrecvable odor. Howaver, very Little evidence 3f =ny injury ‘a hecalth fraz the
usa of écliosoLvo hes been reportsd. 0Onder csrtain conditione, the mono-mathyl
ather of ethylene ;lycol .cs found by Greanburg, deyers end Soldvatar to cmurs or,
" at sny rute, contributs to abnormal blood changes, vith or without nsurslogical
'ftndingl, uzong a2 sxall jroup of workers in a shirt faetsry, where this subatance
vag usxd ln conjunction with denatured alcohol =8 2 solvent for cellulore acetzte.

The inhalation of glycol chlorohydrin, or ethylene chlorohydrin, causes
local irritation of curfuce mucous mezbranss and deeper lung ticsue. Its toxle
effect Lz that of & zevers nerve end metsbolic polson. Fatal crses of scuta
"aolsoning have baen reported.

Tha second sther ;f ethylene glycol, or dioxan, is a solvent of numerous
praducts such s fats, wax, oils, guas, ete. It is uasd {n the lacquer, celluloid
und textile industri-s and in the manufacture of solishes, choe craawa, glue,

cosmstics and pharascsutical preparatiomsa. At low concentrations, aside from a
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10 A. J. LANZA AND ROBERT J. VANE

_ workers who have been exposed to silica dust in these various occupations
and are now engaged in other forms of work.

OTHER INDUSTRIES ommc EXPOSURE TO SILICA DUST

The silica hazard, to be sure, is known to be present in mining a.nd
manufacturing industries other than ‘those we have mentioned and in
" the building industry as well. Our survey would not be complete with-
out giving some consideration to the large number of workers exposed to
the hazard in these industries. Bituminous coal-mining, for example,
employs 458,000 men, among whom, as among anthracite miners, are a
number who are engaged in rock-drilling, and consequently are exposed
to silica dust. Among the manufacturing industries with a more or less
definite silica hazard, should be mentioned the making of abrasive wheels,
sandpaper, hones and mineral earths, employing together about 8,000
men; the manufacture of mineral fertilizers, 21,000 men; of clay products
(other than pottery manufacture) 93,000 men; and of cordage and jute-
goods manufacture, 19,000 workers.

Many branches of construction work require consdemble drilling in
" giliceous rock. In New York City alone, about 2,000 men at one time
were employed at drilling, excavating, and blasting in rock containing a
high percentage of free silica. Laborers and helpers in general construc-
tion and in road and street construction, together with steam- and street-
railroad 1sborers and laborers in public service, many of whom are en-
gaged in construction work, numbered 1,337,000 in 1930. It is in this
class that most of the workers in the building trades exposed to silica dust
will be found.

The combined total of workers included in this group of miscellaneous
industries numbers about 2,000,000. In all probability only a small
fraction of this total is exposed to the silica hazard. If, however, we
apply even the conservative figure of 5 per cent as our estimate of those
who would be exposed to the hazard, we shall have to add 100,000
workers to our general estimate.

Our very rough, but obviously conservative, estimate of the number
of workers exposed to silica dust to a harmful degree in the United States
is, therefore, upward of 500,000. We recognize that the data upon which
this estimate is based leave much to be desired. Only the known ex-
posures could be taken into account. The interesting thing about sili-
cosis, which must not be overlooked in considering its importance in the
nation’s toll of ill health, is the unexpected places in which it is being
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amcovered, and the revelations as to the extent of the damage be_mg done
in industries in which the hazard is known to exist. .. = _.

What does the exposure of more than half a million workers to sxhca
dust mean in terms of the prevalence of silicosis and of tuberculosis? We
¢annot, for the reasons given at the beginning of this paper, give a direct

.answer to these questions. Many competent students of industrial hy-
giene, as you are well aware, have shown an extremely high incidence of
silicosis in those industries in which they-have carried out thorough in-
vestigations. They have shown, too, bow frequently silicosis terminates
in tuberculosis. It is not our purpose to review these findings. Valu-
eble as-they are, they are entirely inadequate to serve as the basis for
anything like a countrywide estimate of the number of silicotics. We
think, however, that their findings, taken in conjunction with our esti-
mate of persons exposed to silica dust, amply justify the assumption that,
first of all, a very large number of industrial workers are the victims of
silicosis, and second, that these silicotics contribute to the high incidence
of tuberculosis and the high death-rates of industrial workers-from this
disease, especially at the later ages of life.

This latter statement finds partial support in certain mortality sta-
tistics made available to us. We present two graphs which are interest-
ing in that they show the age-curve of tuberculosis death-rates for several
population groups with varying degrees of industrial exposure. The
graph on the right shows how the rates for female industrial policyholders
compare with those of male industrial policyholders. The maximum
female mortality, it will be noticed, occurs in the age-period 20-24 years,
after which it rapidly declines to the age-period 55-64 years. The male
mortality, on the other hand, rises rapidly with age, reaching its maxi-
mum in the period 45-64 years. At these ages, the death-rate for males
is three times that of females, whereas at ages 20-24 the female rate
exceeds the male rate by about one-third.

Graph 1, on the left, compares the mortality of three groups, all males,
namely industrial policyholders, representing the greatest industrial ex-
posure; ordinary policyholders, representing the least, with the meles
of the general population midway between. At each age, the lowest
death-rate is shown for the ordinary policyholders, and the highest rate
for the industrial policyholders. The disparity in rates increases rapidly
with age from 15 to 19 years, when the rate for industrial policyholders
is 28 per cent in excess of that for ordinary policyholders, to ages 45-54,
when the industrial rate is three and one-quarter times the ordinary rate.
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Ehese differences: may not.be ascribed to-industrial influences alone,
least of all do they measure the effect of silicosis. The- classes vary asito
-ecomomicstatus for one thing, which, as has been well estahlished, has an
Important bearing on tuberculosis mortality. The very considerable dif-
.ferences do, however, suggest the influence of silicosis, especially as: the
greatest disparity in the mortglity rates occurs in. tboseapmwhmh
: zilmsmmosthkelytushowltseﬁ'ects. .
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More indicative of the direct influence-of silicosis on the general death-
rate-from tuberculosis is. s comparison of the.mortality from this cause
for menengaged in specific occupations with expoesure to silica dust with.the
mortality. for those not exposed. There is, unfortunately, in.the United
States no complete analysis of occupational meortality by which: we
might measure: the effect of exposure to silica dust. on. the. health- and
langevity, of workers. The: most. recent data are found.in an investi-
gation. made by twelve life-insurance companies into the occupa-
tional mortality of persons insured under ordinary palicies (policies of
$1,000: or. more, payable quarterly or at longer intervals).. The study

[

o
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analyzes: the mortality experience of those insured under policies issued
durng the years 1915 to 1926. The method employed was to compare
‘thes actual pumber of deaths, which occurred among men engaged in
specified occupations, with the expected number of deaths on the basis
of death-rates prevailing among standard lives of the same ages and for
the same duration of insurance. Although these figures have been pre-
sented before, they will bear repetition.? It must be kept in mind that
the. standard of comparison is a group of selected lives insured under
ordinary policies and not the general population. To aoffset this, how-
ever, it should be pointed out that the men in these specific occupations
also underwent: insurance selection. Table 1 shows the figures for occu-
pations exposed to silica dust.

Table 1 bears out in a striking way what is implied by exposure to silica
dust in: terms of tuberculosis. The occupations showing the highest
ratios of actual to expected deaths were, in order: underground lead- and
zinc-miners, granite- and sandstone-cutters, copper-miners and gold- and
silver-miners. All.of these workers are exposed to a serious silica hazard.
The ratios of actual to expected deaths from tuberculosis were, respec-
tively: 1,833 per cent, 976 per cent, 913 per cent, and 804 per cent.
There were actually 60 deaths from tuberculosis among these men as
against six expected. Tuberculosis was responsible for one-half of all
the deaths of lead- and zinc-miners, 29 per cent of the deaths of copper-
miners, and 20 per cent of those among gold- and silver-miners. In all
of these thres mining classes, deaths from tuberculosis exceeded deaths
from accidental injuries. Among iron-miners, who are, on the whole,
probably less expos:d to silica dust than are the other mining classes
mentioned, we find that the ratio of actual to expected tuberculosis
deaths is only 260 per cent. The ratio among quarry-workers was 263
per cent, 7 of the deaths being due to tuberculosis, while 2.7 might have
been expected. It was impracticable to separate the granite-quarriers
from the limestone-quarriers. If we had the figures, we should probably
find that the excess among granite-quarrymen exposed to silica was much
greater than among the limestone-quarrymen. This is clearly indicated
by the difference in the mortality ratios far the granite- and sandstone-
cutters and the marble- and limestone-cutters. The ratio of actual to

5 Tke: Presalencerof Tuberculosis in Indusiry with Obsersations on the Dust Haxard: a digest
aof apaper by. Doctor A, J. Lanza and R, J. Vane, read before the Industrial Hygiene Confer-
ence, Chicsgo Tuberculosis Institute, April 25, 1930. Published in Statistical Bulletin, Meiro-
potitam Life-Insurance-Compony, July, 1930, =3, no. 7.
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expected deaths among the former was 976 per cent, while among the
latter it was but 294 per cent. There were 16 deaths from tuberculosis
among the granite-cutters, as against 1.7 expected; whereas, there were
.3 deaths in the limestone group, against 1 expected.

TABLE 1 |
Number of deaths expected from specified causes and mumber whick adually occurred among
' persons engoged in certain occupations exposed bo silica dusi :

Onrdinary department mortality experience of twelve life insurance companies 1915-1926*

ALL CAUKES EESPIRATORY TUBIRCULOSS
- Percent-
OOCUPATION
Actual Bx- age, nal | P Percentage,
Pl | g | A B0 | BEE! | domalef
pected
Meial mine operabives (underground)
Gold and silver mines. .............. 44 | 9.77| 450 [4 1.12 804
Lead and zinc mines. . .............. 22 | 5.03] 437 11 | 0.60(1)| 1,833 (1)
Coppermines..........ovuvevunnnn. 83 | 22.63] 367 | 24 2.63 913
Tron mines....ccoovvnnannnnnnnnenn 33 |12.12| 2712 4 | 154 260
Quarry operalives..........coovunuua.n. 37 | 22.45| 165 7 2.66 263
Stone-cutiers
Granite and sandstone............... 290 | 17.47] 166 | 16 1.64 976
Marble and limestone. .............. 12 | 10.55) 114 3 1.02 294
Metal industries
Grinders.......cooivuaiiiiniiannn.. 46 | 28.65} 161 7 | 3.33 210
Buffers and polishers................ 89 | 64.10f 139 10 6.80 147
Chippers (not ship).........cc...... 38 | 14.14| 269 8 1.30 615
Core-makers and sand-moulders...... 32 | 22.65] 41 3 2.92 103
Iron and steed foundries
Moulders, founders and casters..,....| 202 |130.14] 155 | 2¢ {13.38 179
Other operalives
Drillers, lask-makers, machine-hands,
TOIRETS, B2Cee . vvurrrrononnenseanse 45 | 31.03] 145 7 3.03 231

* Compiled from Joins Occupation Study—1928, Actusrial Society of Americe and Associa-
tion of Life Insurance Medical Directors.
(1) Approximats figure.

In grinding, another occupation in which there is exposure to silica
dust, the ratio of actual to expected deaths was 210 per cent and there
were 7 deaths from tuberculosis, as against 3.3 expected. Here, again,
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we have a mixed hazard, for the sandstone-grinders, who work in the
cutlery trade, have extreme exposure to silica dust and undoubtedly suffer
inordinately from tuberculosis, whereas those who work on the composi-
tion wheels do not have this exposure and probably do not have very
high rates from this disease.

The only other large occupational groups suffering exposure to silica
dust included in the study are certain selected foundry occupations. An
interesting feature of the foundry operatives’ mortality, not brought out
in the table, is that, while deaths from tuberculosis were higher than
expected, extreme ratios are found for influenza and pneumonia rather
than for tuberculosis. Dust is probably an important factor also in the
high nontuberculous respiratory-disease rate. Chippers of metal bad
very high death-rates from both influenza-pneumonia and tuberculosis.
There were 8 actual deaths from tuberculosis, as against 1.3 expected;
and 17 deaths from influenza and pneumonia, as against 2 expected.
Moulders, founriers and casters had 24 actual deaths from tuberculosis,
as against 13.4 expected; while there were 61 deaths from influenza and
poeumonia, as ageinst 23 expected.

There is another important question: What is the effect of silicosis in
terms of tuberculous infection among other members of the family?
Here again we are confronted by a lack of conclusive information. It has
always been the impression among metal-mining communities, where
silicosis is prevalent, that there is little tuberculosis among miners’
families, even when the miner has died of silicotuberculosis. McFar-
land, and also Russell of the Public Health Service, have commented
that in Barre, Vermont, the amount of tuberculosis among families of
silicotics was less than among the general population, which they attrib-
ute in part to the comparatively late age at which the silicotics become
tuberculous. However, Cummings of the Saranac Laboratory has
kindly permitted me to quote some conclusions from as yet unpublished
studies which he has made.

He studied a number of families of individuals with silicosis plus tuber-
culosis, the diagnosis being made by X-ray. He divided these into two
groups, namely, sputum-positive and sputum-negative by guinea-pig
inoculation. Over SO per cent of the children under sixteen, living in
contact with a silicotic having a positive sputum, showed X-ray evidence
of tuberculous infection. Less than 30 per cent of the children under
sixteen, living in contact with a silicotic having negative sputum, showed
X-ray evidence of tuberculosis. All of the tuberculous infection shown
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in these children was of the primary type; there were no cases of -adult-
type tuberculosis. Probably the situation with respect .to tuberculosis
among families of silicotics varies with the gravity of the silicosis hazard.
When silicosis is severe and the individuals become tuberculous at &
period when their children are small, there is naturally more likelihood
of contact infection than when the silicosis hazard is less severe and be-
comes manifest .at a later period in life when the children are.older and
have perhaps left the family circle. The whole field of family tubercu-
losis, in relation to silicosis, awaits careful investigation and study.

To sum up: There are suffident data to indicate that,.in the United
States, the number of industrial workers exposed to the silica-dust hazard
is in excess of half a million; that the mortality fram tuberculosis among
these persons is appreciably affected thereby; and that the extent .of
family infection due to silicosis plus tuberculosis is uncertain; but under
some -canditions, at least, it may be a serious problem.
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