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E] CTICK

Ors year ago, on Octoder 30, 1947, an tatsria eoart wes s:balttey,
ecTering the progTess of certcin snicel exper{=erts vith Lsylo over ¢ totel

period ¢f 37 mooths, It wes Recestery ¢t 24t tlng tc reccazend fariter

oXpericants codcerning eertsln phrses of the Froblex, Tos —ezent rercri de. -

¥ith the firs) chrags of e ex;erizent then {n PrOofTez: ol vith e ecri-

observetione

x=de in ths vev serien ¢l axpecivents.,

e originel ex;erfzent hep BSV been comcletes ani toe eonelurieas deasy

&re besel apor the Tesults of & fuli thrge Jesrs! ex-osure ts an etz iarie

sispensicn of Keylo drust, Previois experizace M shove that ti{s ¢ o P

“tired period cyer whiey erxestres 4o a dust of doubify blologles) setivier

—~ ¥t Do continues before fima) ¢caclusicns are wvirreztol, wmi. axzarisend, &

feet, constitatas an exsrsle of the Ixocrtesce of saed ;rolazped Pty fer, bl ic ot-

be showvn telov, the findiagze at tirse Teers vare stirikingly differes: fro- thae:

et tvo en? cnsiler Feers acl the tentative eomelusicr Teachel at el tim: wiet ..

- b= llt&."d.

Thug, et the tixe of the FTeTicut rejert, the evidesoc fnffestes boe

Eeyic acted a¢ an fnert dast it oermel rats gnd guieee »ige; reritlzy axls L

the form=tion of elamye of dust cells, without fi{broele, Boverer, 1% viil M
&3ovn bolow that Larlo 45 eapedls, ea Frolozged inhslation, of produciis gebo-tort,

i3 t&s lungs

of gul =82 plgs, and that it should be hand)ed indostrinily ac & n:-

sardous dust.
m:nnﬂwhmwhfmm;nuuwu

4.

N c.

2.

Finel olservatioas, doat tahelatfon fe pormal guines pigs,

M reusslon.
Conelnsicas,
Mumummadwu.



de Pinel cl:irvsticns, dust inhelnddon &n ooresl guine: piec,
Zalarense to the Interis Eoport of Oclober 30, 1947, ¥i11 reweel that tve

gToups of norzal guinea pips ware Pleeed L3 the dust pommr  oge £rozz in Fetr:.
ary 194% snd e secend (n lugust 1528, The aniwsls VETR e1p02el 10 ttoarpaeric
surpensions of Keylo dust for elgtt houry ¢: A7, five wn2 eme-pelr d.7: ¢ wvey
toronghcul the experiment. The doed cozesatrztion, wriek werioe: POzevh t fros ti--
to tize, Ree sveriged 116 m¢Vd0n particlo: Per e2ble fool of &lr owes the e-vto,

“rre of the experizant to dets,

L brief reviev of ths choerviticons dereribod o P3ge 4 of the previsar pao
port vill reverl thet up to thirty monthg the recstion i pulner pigr wesr 3iocen
o e accmulatios of elur,s ef neTotAges, eottainin- dyet FPaTticler, i
ETouRs of ediscest eir space:. ¥=ide oceasionel mitiguclertes plent eeli- Ve,
8650, Were vss Be unsze proliferctics of tiseoe histlocyter rod fitre-rs Vet
ebseci, & fov mezistsisdle zstertoris bodles vere identifies., 1In geoeri, t=:
scerzletics cof eelle of the tyoes deseribe? clove on? ttelr cerclgtezes ov oo
over a full tires yeer pariod, vithout t= <sTelopaect ¢’ fidrosls, hes Becs
foznl to {nfleato tist tae agert re3ponasitle for thex s not cepatls of prodacin:

ibresic.  Suen agents are poy ecosidered to e "hiologieally Snert,® sive. t_
5% colluler sccumilstion Bae not boen sloxm to affect puimenery funesics cr
* Teeletancs o dinesse,

Eovever, aof nine animls sserificed oubes ezt to thirty mootlhr in the orv-
saxt experimest, o1l Xuvwe ghosz mot only the above losfons But o180 hevd deviioqed
e fidronls of « type eirsetaristic of ths Teapodse of guines ples tc ssdestor,
Tls 15 6 rather diffuse 750 of fikrosls whieh foras ehiafly eloot the senl air

~wsts, Dacwa us breoentelas, from whieh ths air speres, or alvecly, of the lumg
arise, bwmmmmmmmammwhmm_
~ cussed. Mig oadition fs {8eaticel with asbostosis as can D sean by ecmsaricg



Figers 2 with Figure 3,
Toe leslans $n the tractaobronehisl a2 rodes sh-ved ne ehznze Belvees

irty months end thrae Yezrs,

Chenteil spilvels of the 1. C2 o7 guinei. plge thet had inhale? .&3’19 €t
for .;wriodz B2 10 30 memihe yieddos the dats glven ¢ Teble 1, I8 W21 b petes
Cut en the parfo? ¢ exzowure bl lamzrs the aah vlue gradzlly icererce:,
frlic.ting an wesveilation of BIRéral artler in the Iag,  There wor g 2
Bomiced 1acToise {n the eflfec 0c3ponent 1) 1o s¥out ) gantys rn3 tier e =ilpne
decTeese, The ressea for thle comtftion, wifeh hua Yeey ctiarvel 4n X m~taert.
vitk other Guzls, 1s ns2t eniiraly ele v, Clase caly tve anl= Lo vers ::x-.ly;r.:'

fer eoeh excavre Porind, Ind{vi&iel wlues wers ccenrlotellv out wf 1¢as tos

e gezarel trec? ws cleosTly indicate?,

E. Recnesier,

Toe fincl obscrvatione in theg ezperizent vitk Zeyle tnhpleties n mermil
g2inee pig:, ruzortes edove and Musterted tn the figures, FTeve th-% Loedc o
exprdle of producice the elsreotertstic Tecction, wsbostosie, It ¢, cvi;:e:.'.,
tharefore, tast & consideradle portion of the asbestos cozpenest {r Leyilc rezldc:
waeenzed during tae memufeeturing mocess Or, &f 1t 45 ezenged, th L tag »lter
rroduet elateing its espaalty to cause Lideosis, While 3¢ lesione Ly w3l
aoothr ghowed ne fidroels, corteta aspeets of thea were eceoetidis vith ¢ ;relive
dnary zteze 4n tbe Seveloyment of asdeetonls, These a3pects wvery msied by tue
{247t type of resstion to the M teTials othar t2an asdesios In the dust. Tor
Aursetaristic aarly efage of the recstion to eshestss 1s e predilectios cf tue
,Awlhm}uhmlmndnnorbomnmm,mu&m

oactiloles. 210 15 {2 scatrust o partienlate meteriels, wfed Loselise eslerly



in the setonl ol f540¢s, or alveoli, In the present experiaeat the grostest
porticn of ths fehaled dust, belng partieviate, lodged 2 the alveoll ond macked
toe perilronchioler dejositlion of soza of the fitrous cozpoment, In relrc: e,
it 1z possihle to dircern that there is »ire evidence cof dust c2ll eciivizs &r
e reslen of toe brozenfolse than is chrrietoristic ¢f the re: cllon & oy dnir
rertleulate dust, Littls efomificinse wse attechod to thiz st the tire e tus
Frevicie reort beccuess {here wos o evidence cf the dovelemest ¢f fitpe-:a,

Tie 2ifferencer botvees the early razetion to erlo end thet te eebastsr
wF e inleryroted ge ¢ B¢ iflextion ef tac sesfons b the pertieulste eriozent.
of heyio, "™odifiestiog® of 62licosls 15 well Tecognired vhez lesieme of (o<
clrtsce develop following {nhalrtinz of » nized durt contelning eyart: Yoreinre
vit: meterinls of «a inert netire, suci az ira: oxide,

I} is of ixsortence to mote thzt walle tre geridronsenlclsr Taeticns ¢b
terved {pericinste Xayis os eczztle of croducing a.sbes.os. %, they exclude ti.

Xrlbliiity that ot By cause gilicocis, eince, cver ¢ fu: - terve yeor parie. -

T there 4: ip B0 anfx:} any foous cf hyiline noduler £idros!s earrocternictic ¢f

Lie resctior to courte, Furtberucre, 1t muy te adesd tacs e aniesls gan o

Jeviceucy of tze ype¢ of diffuse fibrecis walar bas bess obearves i thie Zebn:e

atary o foliov immsdeticn cf dlrtomcocys sarth Swst. lo referc to Eyirtie.
Bono—cslelux silicete, & mzjor ecastitusnt of Leylo, £t mey bo gadd thst Wil
Wore 13 8o pointed evifesce ap tc its offeet ca pulmonary tissae, thce 15 mue,
evidence tc show that & wariety of wilioetos, inelndlcs scae forms o oc.ciu.
Lucsuz, are hiologluny ipart, It peens Bkely th:t tae caloiom sillerte

L Lyle Mld tcnform Witk this previcns sxpeTionce,

s, Qu PIULULy expressed by Doctar Cardnar ia kis early oonsiderytion
of m: protlem, fut Kayle atght profuce twe ReTnocceioses, asdestosls enld p!iicosls,
vith €3 rvsultant safety N23xds, Das Doen 32ervataly strdfad  ced e e oo



e Irtier conditlicn can be Clexismed, Turiler eon <darztion must b Elver to
urlestosts, hovewver, . .

The ledorztcry s revertly oen~leted & larze easunt of word Vith aebeatce,
shich hee dosn renarted to certein other epparting corpentes, but nct €s ze.
;:ablished. The follewin: disciasion of the sreblex 4o dravn .le?gcl;-' Lron tat
v¥ori, end ve weuld re et tist thise eoments be ecuslderod esmildent ., v.

Is folt taet the folloviry infermrtion BT be of &1d ts the Cveas-Iilfgelic na-lte
dererinert 4n formiletiey & erfoly prograx, whiek e@:'talnly' {2 mecessery iz vign
cl the results of thie Eeylo experinast,

bsbertosls, both 1r gep sn enlmels, dp ¢ eirenie, sloviy devele Mo opee-lo
bromechicls s fiboorle, whict §- 1cte steger extende fros the criginel site o

~—lezelfsaticn frtc the sirrownding slvecls, Wy Yronchicier loeridestlcr ¢- [ SIS 2
ently dus to the fitreas netupe of the minerel, Experizestel siudies fndie s,
What the ellef node of setico is by cechento:} Irrititicn ¢f tipsce by e Zives,
Tae structure of these fiber:, and the Crpadilifty of Tepseted looglitudine? ¢ipi_
flon to mclecular strende yie tmioTtent In the Bechanim ¢f sctics, elace tuc

20353 fibers ¢f glesz wool are p-t cspedle of aroduclies the fitroste, Coezzecl
rciloz i3 of 1ittls or mo La,0rtence 1o causicz reaetlc:, sinee Tyt le rea
derel urtieulste by cutting and separxtion does nct initiate fibrazle,
. Certaln {ovestigrtions have indlsstad thst o seexingly sesligsible arc;ortic:
of fibrous asbestos 14 sufficieat %o produce the taraeteristic reretics, m:,
&3 In%alstice u;-ori.mnt ¥ e:rried out with Bell-milled ssdestor in \dua. (1.}

4-06 dust cousisted of fiders, The @urecteristic paritronchiclar fikroals
or 407810ped 1n the ex3864 snimals after forty monthe, Thus, {t appears thal very



sr:ll aatters of fibers ere ecmblo of prodocing artesisels, altheougt i Cevela
orrent of tho lezlons 15 Celaysd. The present experiment with Keylo 1s eldrns 42
exapple of this feet,

Tae importeat metter of prograsalon ef receticrn 2{ler eiporare to epde-t--

gurt coeses Las baen extancively Invertiprted, The reclie fnilerte Lt ¢ ¢oma

trast te elltcerde, shere pregrescion ecrtinyes for rets tisg, thov: fe g Lis.-
Tleest degree of procrescicn (o extent of the leclioze, Bather, the nfze (7 4 -
lerlcas decreases in asdestosts dus te the tecdeaey of the fitmons tlacze to
ecotrrct after the ebtimulns to $ts profuction is rezsveld, %o {rritnti.- -7 A

by an sebestos fider 4o eppeTeatly errestel vithin ¢ fov montis efier it ente--

the luag by e formaticn of tha Tagbostocts Baly® (& corting of the fibew 1o s

eantedning materizl), vith the result thct the exieiiny fitrous %8:cge cootm o -,

Ve

ether Lls contrzetion exartis ¢ beneflcicl or deleterious effcst o wsng fanee

¢lon 35 nsv wnlar investigeticea,

Balortmataly, the stuiles wvit: sebrcics hive nol o= yel 80z letely elerifie’

L Jrohlen of Lts 6ffect on s3asoclsted taderculous infecticz, Tt agperss -

Liyle moy exert ¢ #183btly acre merke! ecvirss {nfluence cn tua infectics Lirr
©o¢i zure asbestos, Tbe differenco acy well Be dus to the Fecence of W oo .
ezoutt of querts 4n Raylo er vorbeps te older noldentel facior.., Oue RS

©f the rtudier now undar wey &s to elerify this prodiem,

C. Qa_elucigg.

1. Xayio, because of it scatent of an aprrocisdle aaommt of Sitecuy -«
ehr7sotile, L0 capeble of produeing estsetorts end should be
w 25 & Massrdons Sndustrial dust.

2 Wbémlntmdnnd.umuhm.
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3. Taylo does not producs the &iffuse coellulap fitracis of tre
lungs pov reocgnissd &3 resulting froz Imhaletica of dlcto-

=3ceons perth,

D. Zrogres: Feport on nev s2rie:z cf exserinestrs,

Tae thoee pheses of the experisment, sx outlines fn tac recert ¢l Cetolr &
1947 ars 1n & letter deteld Marels 3, 1948, ere mov under Vir.e Nulle U4e o
eifnificznce hie developsd thus fer, & reviev of the wvery ‘¢ preseciel here,
Proyresc an? resulte to0 dzte ef tuese oxgeTinents e gives belew wmdcr s
title ¢Z each phage,

(1} Tue effect of Leylo inbrlrticn on tuberculous iafeciios Lnisftes’ . <
tie cnzet of dusct expocure.

Thirty experisentrl eslesls vere infecte? with the rttente-te !
etrain (B)) of tubercle boeiliue wuses $= this tTe of experizent wn! ver:
Flrced in the cdurt roos the mext day, Thiriy-three contrel ariz-ls wes:
infocted et the ssixe tive an:I‘ zept 4o Bormel alr, €I the experizmentsl
enlwls, 23X ere mov desd, tvo hevieg Dees sscrifices st two moathc, thve
et four moaths end two hevieg died,

Qoo déeth cecurred st five veeks, due to {zlercurrent mevzoni:.
Tze other wvas 80 recent thet sectioss hive not Te! beec prepered,

Ths tni;e.ls kl1led at tvo months shoved leslons coaparshle vith
thoze ia the eomtrole, Both grossly end ricroscoyieclly., The eninmels
X11ed 2t four l—cnt.hs bavs not beez siudied microscopliedlly, But o grees
exzainstion the lesions appesr similar {n the the grougs.

(2) Toe offect of Laylo imhalsetion on regressing tubderculous lesicns iz

s “J-m #‘6.

In 1215 phase of the experinent, twenty-five guines plgs wese
Moeiod, aad groupe of them wers koot 13 aotwal eir for two, four and six

- NN A



aooths afoere Yelag Flieed 4o the dust Toox. At She rrecect tlae o, 2ipst
tvo growps Bave beer Flaced Ln the dust roce; the titrd is to go &+ on
Troeader 15, 1948,

Galy tve enlecle of the firet Erou> kevs Yeer sscTifiecel ¢
Fet, efter tvo moothe gr the Cust, Micrcses.ic ctsere: ﬁ,‘-’}“-“ 3rws not pee-
acde, tul in tre ETO2R, ta: ls'mas VETe COZATLDIe vILL Yhons p cinim?
tuincls,

(3} T effect cof eccenmloted aylo L0 the lunze ez & gobae RENY tute—elio.
infection.

Tirty noreel giteen ;.ig: Vere plsced In the dust poes eor New Ll
1828, ret en upunt } 1, 2552 vere infacted vith the rtlemu- trd tuderess
deeillf, Flvc enfanls ympe esoTiliced ¢t this tims fo- ehesle L enslvor
e ertatiich the ancumt af dyust fcheleld, Control sn’mcls ves=e infeoelad o=
the eoxe dete, /nimcls yverw Becrificel recsatly, tuc manine ofter i=Teetise,

dreasly, the leotems in the xperizsctel wnd contrel anl=sle vere ST erak e,

et sgnin mlerescorte obsesvstions bive act bean anie,

Toe resulite to dute $n this experizent are of 1itsle elguilflicine:, alnes t.
diseise Le o oNronle one and LIy edinges ue to tae ind latics of Guet e, ER S AR

L8780 It Lo e glov, Bmwr, it ez Do gald gt the ax;erizest s  rogTessin-

very satisfecterily, and that we enttel xte acns of the o2 licvtlons wniea ials--
Tored wits the Leteraretaticn of the Fevious experiaent {r rezard te L.e €ffect
of faylo ec axperisests) tabereulosiy, =

o NNl RS
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e, arjeciclly to 2y Fight af the brasehiols, ese
oTe the meropbapes ondt miltinnelestod glant colls, dsseride;
ic the text, lotot.hcth.f.muortb‘ullcrt.‘um lels;
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Tig. ¢ - Laylo fshalitica, 36 scmits, 2507

Toe Broochisls In thls photomlcresmesh Lo Jost atew
ans 80 Whs right of center, FKoto the thickness of tha tiescc
Tetveen 2ts Tiara and thet ef %2 sdfceest elvsoll 2 22§ L
- Isan vith Qe brnzehiloler walls 42 Pizures 1 and S, Fiume
otrals of fidrous tlseus eea W gson bere, Pt ther ¢ro morc
dpparent, Vecaise 1e2s denss, In the are: at the right of tue
L1l Boare fidrosis Mae sxteniad tc edfecert slvacisr wilic,
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Tals fleld shovs twe brocediclse, ¢oe i longititie.?,
tos cthor iz erces secticn, Toe axll sssociated biood
Teoeel {9 geonm clcve tha foraer broaehials, Cewprra the
thicinses of the well of these brooehicles, vith trut of tae
drcacniolss La Plgures 1, 2, snd 3. MNote slec the ex:ty
alveoll axd taln alvecler malls,
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Figure 2 with Figure 3.

The lesions in the tracheobronchial lymph nodes showed no change between
thirty months and three years.

Chemical analysis of the lungs of guinea pigs that had inhaled Kaylo dust
for periods up to 36 months yielded the data given in Table 3. It will be noted
that as the period of exposure became longer the ash value gradually increased,

indicating an accumulation of mineral matter in the lungs. There was a pro-

nounced increase in the silica component up to about 30 months and then a slight
decrease. The reason for this condition, which has been observed in the experiments
with other dusts, is not entirely clear. Since only two animals were analyzed

for each exposure period, individual values were occasionally out of Line but

the general trend was clearly indicated.

D. Discussion.

The final observations in this experiment with Kaylo inhalation in normal
guinea pigs, reported above and illustrated in the figures, proves that Kaylo is
capable of producing the characteristic reaction, asbestosisi It is evident,
therefore, that a considerable portion of the asbestos compoﬁent in Kaylo remains
unchanged during the manufacturing process or, if it is changed, that the altered
product maintains its capacity to cause fibrosis. While the lesions up to 30
months showed no fibrosis, certain aspects of them were compatible with a
preliminary stage in the development of asbestosis. These aspects were masked by the
inert type of reaction to the materials other than asbestos in the dust. The
characteristic early stage of the reaction to asbestos is the predilection of the
fibers to localize in the lumen and wall of the small air ducts, known as terminal

~~. bronchioles. this is in contrast to particulate materials, which localize chiefly



small numbers of fibers are capable of producing asbestosis, although the devel -
opment of the lesions is delayed. The present experiment with Kaylo is also an

example of this fact.

The important matter of progression of reaction after exposure to asbestos
dust ceases has been extensively investigated. The results indicate that in con-
trast to silicosis, where progression continues for some time, there is non signi-
ficant degree of progression in extent of the lesions. Rather, the size of the
lesions decreases in asbestosis due to the tendency of the fibrous tissue to
contract after the stimulus to its production is removed. The irritation of tissue
by an asbestos fiber is apparently arrested within a few months after it enters
the lung by the formation of the "asbestosis body" (a coating of the fiber by iron-
containing material), with the result that the existing fibrous tissue contracts.
Whether this contraction exerts a beneficial or deleterious effect on lung func-
tion is now under investigation.

Unfortunately, the studies with asbestos have not as yet completely clarified
the problem of its effect on associated tuberculous infection. It appears that
Kaylo may exert a slightly more marked adverse influence on the infection than
does pure asbestos. The difference may well be due to the presence of the small
amount of quarts in kaylo or perhaps to other incidental factors. One purpose

of the studies now under way is to clarify this problem.

c. Conclugions.
1. Kaylo, because of its content of an appreciable amount of fibrous
chrysotile, is capable of producing asbestosis and should be
handled as a hazardous industrial dust.

2. Kaylo does not produce silicosis in animals.



the latter condition can be dismissed., Further consideration must be given to
asbestosis, however.

The laboratory has recently completed a large amount of work with asbestos,
which has been reported to certain other supporting companies, but not as yet
published. The following discussion of the problem is drawn largely from that
work, and we would request that those comments be considered confidential. 1t
is felt that the following information may be of aid to the Owens-Illinois health
department in formulating a safety program, which certainly is necessary in view
of the results of this Kaylo experiment.

Asbestosis, both in man and animals, is a chronic, slowly developing peri-
bronchiolar fibrosis, which in Late stages extends from the original site of
localization into the surrounding alveoli. The bronchiolar localization is appar-
ently due to the fibrous nature of the mineral. Experimental studies indicate
that the chief mode of action is by mechanical irritation in tissue of the fibers.
The structure of these fibers, and the capability of repeated longitudinal divi-
sion to molecular strands is important in the mechanism of action, since the
solid fibers of glass wWool are not capable of producing the }ibrosis. Chemical
action is of little or no importance in causing reaction, since chrysotile ren-
dered particulate by cutting and separation does not initiate fibrosis.

Certain investigations have indicated that a seemingly negligible proportion

of fibrous asbestos is sufficient to produce teristic reaction. Thus,

an inhalation experiment was carried out with bell-milled asbestos in which an
attempt was made to eliminate all fibers ial., It was found to be
impossible to b;eak up all of the fibers a ut one per cent of the air sus-
pended dust consisted of fibers. The characteristic peribronchiolar fibrosis

developed in the exposed animals after forty months, Thus, it appears that very



INTRODUCTION

One year ago, on October 30, 1947, an interim report was submitted,
covering the progress of certain animal experiments with Kaylo over a total
period of 30 months. It was necessary at that time to recommend further
experiments concerning certain phases of the problem. The present report deals
with the final phases of the experiment then in progress and with the early
observations made in the new-series of experiments.

The original experiment has now been completed and the conclusions drawn
are based upon the results of a full three years' exposure to an atmospheric
suspension of Kaylo dust. Previous experience has shown that this is the re-
quired period over which exposures to a dust of doubtful biological activity
must be continued before final conclusions are warranted. This experiment, in
fact, constitutes an example of the importance of such prolonged study for, as is to
be shown below, the findings at three years were strikingly different from those
at two and one-half years and the tentative conclusion reached at that time must now
be altered. Thus, at the time of the previous report, the evidence indicated that
Kaylo acted as an inert dust in normal rats and guinea pigs; resulting only in
the formation of clumps of dust cells, without fibrosis. However, it will be
shown below that Kaylo is capable, on prolonged inhalation, of producing asbestosis
in the lungs of guinea pigs, and that it should be handled industrially as a ha-
zardous dust,

This report will be presented in four sections as follows:

A. Final observations, dust inhalation in normal guinea pigs.

B. Discussion.
C. Conclusions.

D. Progress report on New series of experiments.



