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" 1. TiTTSIUSTION

Ia 1943 ‘the Ovcaselllinois Glasa Cenpany had developsd to tiie pilot
plant ptage a now industrinl preduct, lmewm a3 laylo, whish could bs ussc
=8 8 thermal ingulating meterisd wnid for other applicationn. According to
inforznticn supplied by tho coxpany, 4his product vas prngchi ed by hoating
upcer gtoom pronsuro a Sucpoasion of ealeiwa hydroxide, eilica, exnd sabestoc
26 forn e hydrated caleivm silicats, Studies ot The Serenac Laboratery
shewod thet although tha principal cezponent of Zeylo was the bydratzé

alzium silisanto, demr v::ccan*od r= matorisle, including nsboatos agg froe
silica im tho form of guartz or dislczcecous sarth, wero slos preneat iz
tae finaol product, Sefzre Xayle was ucod cormorcislly on = large ssals,

1% was important to doternine thothsr or pot auy dust liborated firem this
preduct during nonufacture, heniling or fadricatica would bo 1likaly %o
censtitute e reepiratory heeard <o exposod individuals, Thorafore, =
ovmmrehonsivo invostigoatica was undartzken in which the offect of imhizled
Jaylo duct on exisinls wes studicd, Thy inwstizatioa wee otarted in
Fobruary 1945 and wus cervivd on for more than fivo years, it cxplorel Tho
nature of the pulmonary tissvo rracticn 9 inhnled Haylo dust in nerm~l
aninzls 'md.*.n aninals herbording a tuborculeuws infaction, In this final
vepore of the oltudy ths prizeipal findings given in previsus intorim
roports will o roviomwzd briefly and lhe ceaclusicas dorived from tho

cutiro experimamriial program will bo otated,

sl
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1T, LUSTING WIERIAL USTD

The gatoried ue;:d for gonorating utmcspharic dust in the exparimental
duzt reon w=2 finsly-dividod Xnylo obtained from the duct colloctors «f the
Dorlin, New Jergey pleat, ia vhich Zaylo 15 manufectured, Tho matorinl wao
.rocoived in coparate chipments, as follows:

Lot 71 « Regeived in Jeauary 1945,
22 " " February 1947,
{3 " ® Jeaunry 1949,
A, Compzaition: Tas results of chamiccl and petrogrephic amalysis of a
' ' representative camiple of the material as received et The
Seranac Laboratory, aro given in tabla 1, It will be noted that the ouly
tsbarotos ninoral. rovoaled by the poiruzrophic cxaminatica of this sample
is chryzetile, Sinco Keylo ic a esumoreisl produest, it io poosiblo that
nizor alterations in composition mey ancur from time to time ia accerdance

vith chanzon in the reo matorials wsed, For oxampls, the quartz valiue for

lot #1 of Iaylo was logs then 1 per o3t but the quartz costent of lota 342

) 1P

end #3 wz2 botwsen 2 €3 5 per eeat, In tho fical shipzeat of Xeyls, ruoniss
in Jeounsy 1549 and {irst used ia this experimcnt in Japlozier 1947, tie
ozbusios cemponent centained Hhs mincral emssite 23 wull s ehrynotiln, .‘Iho
fidors ¢f amoritn, in cemparison with thozs of ohirysotile, ar: long {lomiblo
wid havo & highor iron ocutent, Jomevor, sinco oxperiminis nith animals

have gshotm that both sxmdeito aad chrysotile are cepehle of ceusing asbecteois,
it im unlikaly thet the subsiitution of the one tineral fer the othor in
flaylo would eauvw 2 oigmiflicant chongs in the toriz properiies of the flrcl

product, .

T e



¥4l Reners
Ongas=[1llinods 1~30+52

.

D, Teflny dijiyaatica atudiza:  Tae Zevoy ilfrociion pattorn of samoinz

ol = difforent shipmenis of ¥2yle arn
chowm in fig, 1. Tho prowineut linss press:ns cr2 protsvly those of a
bydrous calcivm siliccts, whicis {8 tho principal compeaent of Kaylo, Cene
pariecon of puttorns ¢ and b digslcsos that tho guartz line ia strogger &n
b then in o, indicating that the fcylo rocesived in Jumaq 1549 hag 3 Lighor
quarts content than has ths ar;\ruor product, raccived ia Jcavery 1945,
Faint linea reprasenting calcito and chrysotilo ars vipoible in both ;a";tornﬁ,
Diffrootica }ines produced Ly esogite are also present in pattorn $.

C., Sizeefroquenzy stucdies: The cize«distriduticva of Kaylo dust is chom

oy the graph &n fig, 2. Tho lines of the gragh
reprosant thy peront matorial iz the dust mnchins and tvo cacplos of attoce
thorde dust collooted in tho tust roem em differsnt days, A magnificeiiom
of 1Z00X vap uand in meidiag the sizus~{rogueoncy counte, IV will Be not:d
that ebout 83 per ccat of tho periinlos 1:: tas pavont matirisl tisible 2%
{the? pagnilicstisn aro mallor %iae 5 yicrons in gize; the corrcepending

“nlues a1 the sanpica of atmecsnheric duet aro SO 2ad 95 por gsent, Tl

(3]

¢ifforercy in the Yoo oawplos of aissspheric dust, vhich wors dsrived fron
whe asmo prraont wedowviel, mav hove bean due te The deyeic.day Inriatiicn in

Liumldity dinnido the dust roon,

113, REVIEW CF DRIVIOUS RITORTS

During the courss of tho investigation with Xaylo dust five intarin

reporis wore issuod,

The first report, detod iay 13, 1343, rovealed that in guinea pigs

DIV
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2pecdd or 34 moentds to Tarlo dust e tisswo rozetion eessisied waly of
wisrossopis fesal collzsticns of dunt eelln,  The azzsciniad “ubharculuus
infcotion had nst bocn altorsd caocugh to bo of aignifiomncs,

1a the gocond repert, iscuod en Ootober 0, 1947, it was notod thai
thore ©z=s no evidonoo suggesting that I{cylo'duat when fnhalad fnte the lungs
produced pulmonary fibroeis in ratc uxpessd for 18 munths or in guizen pigs
oxpesed for 32 montks, Tu2se findiags sovcmed to chow Xzylo dust to to o
biolegicolly inert materiul, In tho experizvnt doaling with the grt‘ect of
the dust on a tuborcul‘ous infesticn the rocults woro insenclusive, indicating
thot tho oxperimont should be repcated,

The third report, dated Ostaber S0, 1040, prescatad the final obaerve -
ticns on tha effeet of 1.1:1::;3:6 Raylo dust on noroel wninfested guiacse pigd.
Contrary o provicus tsotativo inproesisns, based vpon an expsowr? of 30
wmonths, which sugrastod foy.‘.o dust to be incrt, ke study of anirals sipoasd
for 36 months diaslcsad thet the materisl is not izert but ia capable, on
proleonged inkaletion, of produsing astostosis 4in guinea pigs, However,
roither silicosis nor “ne Aifluss {iorosics which 13 cauead Ty dnlinled
¢iatzmaoecun earth dovalcped ia the ozposod anirala,

Tho fourth report, dated April 0, 1542, srovisewnd ihkn rosuliu of iho
Iirst 8 menths of s oo cuperimnud in which the eilwnd of inhnlad Haylo

dust on a tudbecrculous infecction in zuinea pigs was studied, ils dulinitely

>

ndvorse offect of tho dust on the infection duriag thiz 8.zoaths pordwe

Tas noted,
Tho fifsh report, datod Jenuary 1, 198D, upplementad tho infermnticy

tivon inm the fourth rcport by oxtoniing the obsorvations o infocted vridals
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what ket oemy e2porid Lo Faylo Just Jor poricds wr o 11 menths, The

(X

Tindingn &% saat

“

422 segzected Shat doyle dusi had & zliphtly advors:
ialluensze en Lhe course of a tuiterculeua dufestion in guinse pigs but that

vho effcet wis by no monos es presownsed 2u that of quartz dust,

IV, IWALATION IUDERIVENT WITH WAYLO DUST

A3 o contizuatica of the provisus inturiz riports nnd as a cwmiery for
this fizsl report, a revizw of the entiro prograa of study is roported,

In tho inhelotion experirent (Seranac Leboratory llo. 1012, 1100, 1164)
Groupd of pguinoe gpizs, rets, and hensiors wors plased in a cubical duct
rooa, 8 fect in dizeneion, in Tiiich zn atzogpheriec sucpeacien of Keyln dust
v rointeinid, T2 roen was omersted for mors thon five years, from -
Fehruary 1943 to Juus 1359, Avout 409 grimals war uscd in tho s::pc:i.::&&:

end sowe of Them lived in tha dust roea for aw loag as 3 yesrs,

The almorrheric sucpensica of Yeyle dust was croeted by the psticy cf

g

:

T paddlec that rotatad imsidy o heoper, locsied i u cormcs of tho dust reenm,
Thish contaizsd the finmely~divided Yaylo product, The dust cloud gen:rated
in thiz na=or floatod out inds thn roowm whors &% was malnisined for 2 howrs
en Tive &rys of tha woelz and for 4 henrs on Zaturdave, A4S rogular datarvals
during the oxporimont a fow anirals wore killed and the tissues oxaminad
gressly aad miernascopicelly %o debermizo tho maiura end ths extent of 2ha
Cust reactica, Tho tissuo wnme sizn anclyzod chuidically %o cctimaeo tho

amount of laylo dust retpiunsd in dhe lungs of muimnls osposad for definia

peviods 2f timo,

e ameea
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T veiniid off atuaspheric somles celiusisd i the funh roo uitd L
ridoet impluger wors mads cogularly,  Tan ccocsriration ol Jaylo durt Y

which the wnlulesisd auimals wore uvipesad was gonorally within the renps ¢°

167 to 128 nillion particlos per cudis feot of oir and ths overall B3 LI ]

“wag 115 million, In the eczperiment with iafz2cted paimnls the concentintion

b ve

was aigher, tho average being 205 milliss,

.

B, Expacure of winiestad animals

Three cpecier = guinza pig, rad, hemcter - wero smployed in hic phoen

£ the iavustigaticn, A sramery of The {indinfgs i3 given in tabla 2,

(1, Guinen pizs, A% tha begloning of the oxperimsst 109 uninfeated

guince piga werd pliced im tho dugt roon and € nanths later 2f

Y3

ot

mers wera ecdsd Yo ropliace animals that hed disd in an epideomic ol asubo
whouonia,  CTlewes his pnewsoniz scevsred rt shal time al3s in enimals
anposad %o another dust in o3 adjasond roaz, She wnlertupett spidimis wms

censidered ceuidental, Epidinizs of thiz hiwd, which cseurrcd seeasicnslly

22 crparinesto at thal dimz, Leve since boem seastraliod, CGeowps of puwinon

e

sins, nTunlly 2 %o 4 lo nuabor, ware killed st 2, 4, §, £, 12, 10

~
-

'-l

-
L]

. 4

e ]

b % et v

7. A, 8. end 50 maaths ofter 4ho vagimning of thoedr sxzpomers %o leylo
:i-.mt; ro thad% tka coursr of tas r.nl:.-.:‘r.:.w seapiisn enuld Le follexmcd,
In guisea pija empousd Jor poriecda uz Tu 30 menthy ihiwre *ms3 only 2

i
mild tlesus rennrass Vo the inhelud fovis dust oud ths ronctien way 2ing iad
£ the cuenaudation of eluwrss of Jusiconiziniae wrereg! x-rf“ i growps ef

edjolning air soncos {fig, 5), The inturwening slveoler malls wars un

j,/; itly thiciienud Hy seeumeiatod lymphecytes, 0Ossenienal multinuslezeed

sets v .t
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Ao nd vuvcrele besilli of the humsn sersin At o7 RAD, LD in

to to sbteip szise corroletion totmem <the inflicnen of Tiriums dus

Py %uosrculous infection in guines pigs oad the <ff2ct of thoss dusis

‘c.

wboreulous diseage in {ndustricl wmorkeursg,

i{nfeoting tho animels with tuberole bacilli an iniicl ation tashnic

1i2d, A glosz tubo was fittod ovar tha animal's nos2 and inte thi:z

prnoicn containing a 3:ncr.a nwubor et tacilli of the nl riraia

proysd with a OeVilbias clomiser, As the mizal brsothed, he izhaled

tmorphetric zusnonzica of bacilli into tho lungs, whers they bovans

£8_infoebad ot Sho tina uzir

oxesyre ts_iavio dust_vos_atasiss. Io the firet exporizent o
]

asimels wors i.tf*hted with taberelo teellll et the timo thnt Lhsir

wurs €9 Reylo dusd sme sizrted {Goble 3), 23 muinen 3iga more wewd i
;pideniz of gnmmnonia during the first 10 menthis roduded o 15 the wmier

uidands atailabls fer study, Twe o8 theso died at i weelhg, e320ui)y
A progresoive Suhereulotia, ond 2 othors disd frem wilenarmsined eancow,
cacd {rom fuborevdosis, In the remsinicg 12 qrimsles thoe courad off a2

wven)ama diseasa ran Collovad by billiag 2 e 2 mnimals ot ), £, 2, 12,

ths aftor infaction, In 1l ol ¢

:d, suyapsulated, ond regrecsing :
enn rere widcuaraad hrovchout the lwax

9 killed 2l 1u mevthsz, the losd

-

indienisd & Cendenvy o heal. la on

1€ Tibrosias hed Wotn productd, which
stonpe o davalep & sirzin of guinwes plp resistent Yo ®he infestion that

-k
-
-

2d cauged thz prewnceia, wane of the andmals ware uosd Por drooding during

- ’4" (4]




F1, . fopeve
29013 1in0in 13040

thida ercorinzaat, 100 3 ndnals that died Irom progrevsive ludnrcaldonlia o

34 meniixg) ap¢ Sha cingls snimel, Lillsd ot 10 montas, thad emhibiled i

apread lesisne vmrs all uwssd o2 broeders during $he experinsat dut ¢ other

animels in tho vzparinent, vhich were alze cmpleyed for bdrnoding, failsd €3
ahow extansive digezzse, OCwing to thn slcasnt of uncortsinty intraducud %y
thig fectur of Lroeding, cnd aizo dscsuze of the aigh mortality from prersiiia,

&

it =m2 vonciisrad izposalble tn esun2lizh, [rom tals exporimenw, lefinii:
concluzioan gbout the offznel of lnaalrd Rerlo duct upen taborenlssiv, zad
thorofero tho axperimsnt was ropeated,

2 simulisonoous infecticn smocrizcat m=us conductcd a seccsad Line
(tavlo 8) with 0 gainoa pign, inszead ef 26, end animals vers killed in
pairs far ciudy at 2, 4, 6, 3, 12, 13, end 2& nontho after infoctlion, Anzin

ke ineidmmoo of pnmmenis Tas wusually kigh, § of the animals dring irou

o

~

Ghat eevos during ths first 3 momtis of s=nocure.md & acrs durirsy the fol.oviag

~

16 meutbs, O the ressining 22 guizca pign ¢ erimals fovealed, o3 18,

‘-S

~
e

sud 24 roathg aftor infscticn, & orinding 4uborsvlous digsass, o7 sizined

aicranespic cxanminnrtion, SThreq

mraet (D3, 0), which wac coufirmed by
ethor ouienls slan Ued o gproading tuborvwlosis but in thea the dizesca wad
wrizndsd to thy zplavs :;«xzé otiier ovgins., 1299 gnivels woro cousidayed 2.
:ationcl cad Sm tho anst haso hecn classifisd en "aporun”.  The fnpa Frpaes
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SSteaugted tunsscle breilll ot S$he Siuu erpesure to the Gest wvis eltariel;
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s, Kaylo dust received in Jenuary 1946,
be Fayle duct recoived in Jna'u:x'y 1349,
Both mttevrnz centain lives vhich represeat a naderats timtamt
of chrysotile cad of caloite an’ & small emount of quarts, Faint
lineo represcating what 1o prodedly the hydrous crlcivn silicale
cooponent of Xcyle are also prscaat ia both patisrng, I ndditicn,
the original film of pattern b centaina a very wea line cor:'c'a;wndi::;;
to wzoaito but the lins i3 too faint to oppear in the reproduced raltera.
Tho quartr comtont indicatod by pcttern & i5 losa thas 1 per cant

end by pattern b, about 4 per ceat,
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a, Keylo dust received in Japuery 1945,
* b, Raglo dust reoceivod 4o depurry 1945,
Poth pattesas coptain 1isss thich repressnt o msderate szt
of chrysotile od of caloite c=d a emall amount of qQuarte, Fai=s
2ines peprosenting whet &8 prodadly the hydrous esleiw> silicste
cempaneat of Kayle ore alsd presest is both pavteras, Is réddiier,
‘the original fila of pattern b contains & very watk limo correcpmiéing
to amostte but ths line $9 too faint to cppesr to the reprodused puztern,
B The quarts omtost $ndicatcd Ly petters & 3 leos thas ! per cect
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‘eo:.;x- of cxposure o dust ) 2 4 [ [} 1) 12 18 21 23 29 20 33 36

| (sonunz)

_ - T S A - T S SR AP S
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Fize 8. Lamp tissur of 9 guluva pi7 umyeded L2030
inrslasics end daer Lilled, A erose szguis: ef u b

ahete e=d Sligativ v She lefs of eszier of tho fipsre, Int ot? X3

ere elvosll, Nozo Ghe dard mossss vismin €32 ol tou uller gpasie, efp.auiill
ta thy right of thae bLreacvhiois., Thoule mmases fre SuIresiaedss Lol taolle
suclieded glans eells, Jitks e tihimwysr el Sre il e Lo bLronshliile; ik

{2 wiptuslly porzml, g2 4% expsrent on eexgiriran with th Algn

of & voraxl guins: pig ifig, €, L: crbortesis kody e gt

$isld 3% 80 povesled o 833, ¢ &C higatr wmgmilieaticr,

Fig, &, EBigh mumnifienticr of Ut tissur sesiisn thovs & S8¢, &, Tate
Rigiter pygrificctics of pert ef {he S4edd o iz, ¥ rovvale £ Soplenl fom.

of sehsytoels bedr, thi €a%it curesd tiaufateC pEroilure e the Sight of

esater, (1200 7))

Fig. 5. Luag tissuv of o guines pig ciiposes.
seodezton dust by fuhaissing thts Nilidd,
wierogresh £8 Just eduv, o WL 38.S e
of f¢t5 vells, 3Brraely of it
tLis dranohiole =2 woll ..
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Fig, €. L=g Sisse 6 ¢ nerasd puiton pig, Snir fioi6 hews v s
one &0 cross sacticd ol the right ¢l et2tsr gnd toe osther &r lessitvaiizi: o
Tiev ex2d) esseciated blesd vessel §3 wizdblu abave 2hie Bromeltele iy iess.ee
s3] zestion, Caspere the thicimess o the well el {Brss bronchisies iun sne
Shickdess of wull of the-bronenfoles in figs, 3, 6, end 7, lote eleo ths
eopty alvecli ehé the this alvesler wells &m the scrmal madzmel, (02 2)

g @

Fig, 7. luog tissue of o guines pl: expased for 30 mocths xo Favle duss 3
imhslation end thoa hilled, In ¢hi: photemicrograph ¢ oroneniels ¢t juil
ebove and to the rigat of centor, Xoto ths thichnzac ¢l the tic:ius bLetran
the luwmen 0f the brasshicle end the lumes of the sdjsernt glvecli in ceoe
perioon with the ¢his bronzhiolar walls in fign, $ 2sC €, etz eles thet ens
grostly thickoned bronchelar wells of the minsl c=posed to srhrstes Cuss
for 30 mentas (fig, §) ere cimilar %9 those of thiec e=imel, ompozsd te Y ie
dust for 36 montas, Fize ttrande of fibrius tesus aro viridle neze thy

Srenohiele in this photomierogreph but they ere nore epparest, brecesze tasy

sre 1039 dense, §5 tho zrcz ot the right of ¢he field vihore {israsic o3
extendod to adjscont alveoler walls, (U9 X)

Fig. 8, Lung tisgue of ¢ rat exposed for 18 meatds €5 Neyledust by drheiute:
eod thoa killed, The photenicrogropn revecls riz=ile aceumwlatics of czlle i
elveold, 7Tbs cyteplazm of thu callt &8 picked with puriities e gusl, i
that the alvevler soptz, even $hase 22 spucor centeiming auserour €uis 2l
o Wia and delicgio.o (2U2.08 .. .. .. e
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Fog. 0, lung tissue o = guisia pip infectsg with gltizvate? surestle
ené ipssdistely expessé to Jzvle dust dy schalstiens for 24 mazaine, zul ¢a
Eilled., The fiparo te a slightly mg=ificd photegreph £2 She routins histeless:
presaratiss of $he lungy, imciuding Beth lumgs frem sp2v 2 Tose,  ThRe eiusts
of dark foci of {rrecultr cuslins in the lewer cexter {=cddaz lobe) exs st t
right {1eft cau2el lode) are 3zt 0f sctivn spreadiny toderscloric, Yos widel:
distriduted pinuts dark fesi ars psrely 1yehail eoll olurtsrs ond zre unrelots:
to tho dnfeciion. TNe extent of the trdercuious 4::4%iTy 43 sevn 5 bo uzzoaci:
Iy =m2v), (2.8 %)

Fige 10, lung tiszuo of & guirass pig t2fectad with stienusted tuberels basillt
ené Jeft in clemn eir for 2 ficaths, thoa s:p22sd for 12 2euthy to Eeyle duss by
$nhalstica, ec? killed, Tho derl zose, irreguler ip outling, ia the lefe upper
Quadrent {right copbilic lode) 4z en ares of ootiv: eprssding tutereulosis, 4
satller but similar foeus ¢ vizidlo st the lovar pergin of the b f¢ cephulic
lobe, Agsio, es in £ig, 9, the extemt of the tudsrculaus process i wory
e=all, (1.5 7)

*ig. 11, Llung tiscue of g guizec piy ¢xpessd to Reylo duee by indaetien for
zoathe, then infected ritd atisnusted tussrele baelilld and exposzd to tht dust
fo an edditicnsl 16 montne, end killed, The numerout pocrly-szfined derl: 3o3:
trrogaler 4n outling, ere all sitss of active, cpreeding wuberculou: diseds?,
tuderculeus invelvement exiifbised in thic protagreph i3 the mast ertenacicy rele
13 eny enizel killed duricg the experincns, The imvelvezznt e reletivaly cli
in eomprrison with tho progreszies vaich oszure §» exiszle enpossd to Quare: du
wider ofmiler conditions; Ln fact, ell of the e=iuzsia ciposed to quervz Cust we
have dicd withini? oonths elver fefecties bresuse ef almast cesplets loss ef
furctioning pulseasry tissuo, (1.0 2)



