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INVESTIGATION COMCERNING THE CAPACITY OF INBALED XAYLO DUST
T0 INJURE THE LUNG

I. INTRODUCTION

In 1943 the Owens-Illinois Glass Company had developad to the pilet
plant stage a new industrial produst, Imown as Kaylo, which could bBe used
83 a thermal insulating materisl snd for other spplicatiens, According to
information supplied by the ocapeny, this product 'nu prepazed by beating

. '‘der steam pressure a surpensicn of caloimm hydraxide, silica, and asbestos

to forn'a kydrated caloiun silicate, Studies at The Seranac Laboratory
showed that although the prinelpal ocoponent of Xaylo was the bkydrated
caleiwm silicate, scme wnchanged raw Q.at.rinll, inoluding asbestos and free
tnioa.i.n the form of quarts or diatcmsoeous sarth, wers also precent in

. the final product, Before Eaylo was used ocxmercislly on & large soale,
] 1t was important to determine whother or not any dust libersted from this

product during manufacture, handling or fabrication would be likely to
oonstitute s respiratory hazard to exposed individuals, Therefore, a
comrehensive investigation was underteken in which the effect of inhaled
Kaylo dust en axnixmals was studled, The i.nwltignticn wag started in
February 1945 and was carried en for more than five years. . It explored the
zature of the pulmenary tissue resaotionm %o inhaled Kaylo dust in normal
aninelas end in animals barboring a tuberculous infeotion, In this ﬁnn

report of the ltudy tho principal findings given in previous interim

roports will be rouoﬂod briefly and the conolusiocns dori'nd ﬁ-oa the
entire oxperimental program will de mtod

. 01 034 0003
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1. DUSTING MATERTAL ysEp

received in separate shipments, as follows;
Lot g - Rooozwd in Jamuary 1945,

- » Fobm:-y 1947,
£ e . " Jazuvary 1949,

representative sample of the Raterial as received at The
Sarmac Leborstery, are givem 4n table 1, Tt will be noted thet the emly

minor alterations in ccmposition may occur from tine to tioe 4n acoordance
ith changes in the raw mxterials used, Por oxazple, the quarts ﬁ.lno for

Iot#lof!wlomIautbnnlperomh:tthoqmomtentotlota&

01 034 0004



anpag @
.

- -
¢ o oa

Final Report
Owens~Illinats 1-ao-sz -

B. X-Ray diffractien studies: The Xeray diffraction pattern of samples

of two dii?omt shipments of Zaylo are

shown in fig, 1, The prominent lines proau:rt are prodably those of a
hydrous caleium silicets, which 1s the prinoipal compenent of Xaylo, Coeme
parisen of petterns a gnd b disclosee that the quartsg l.tno is stronger in
b than in a, indicating that the Eaylo received in Jumu-y 1949 has a higher
quarte content than hag the earlier product, received in Janusry 1945, '
Faint 1lines representing caloits and chrysotile are visgidle in both patterna,
Diffracticn lines produced by emosite are also preseut in pattern b,
C. Sise-frequency rtudies: The slze—distribution of Keylo dust 1s shown

by the graph in fig, 2. The 1iznes of the graph
represeat the parent mtor-hl in the dust pachine and two nnplu of atmos~

pheric dust collectod in the dust rom oo different days, A npitioatian

.of 1200X was used 4in midng the sisssfroquency coumts, It will be noted
.th.tt about 83 per cent of the pertioles in the parent materisl visidblo at

that magnificaticn are smallor than S nior;nl in sige; the correspending
values for ths sumples of atsospherio dust are 90 and 95 per cant, iy
difference in the two eamplae of atmospherto dust, which were dorived frem
the same parent material, zay bave deen due fbtha dayeto-day varfaticn in
bidity ingide the dust Troom, |

III. REVIEW OP PREVIOUS REPORTS

Du.rin; the course of thae 1matignticn with Xaylo dust five interinm
reports were i{ssued,

The first report, dated Way 13, 1948, rovealed that in guines pigs

01 034 0005
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miorosoocpic fooal collecticms ef dust cells, The S3%0cixted tudberculous
infectian had mot deen altered enough to be of stgxtficance,

Ia ‘bm repert, issued an October 30, 1947, it wag noted that
there was ns evidmoe suggesting that Kaylo dust when inhsled {mto the lungs
producea pulmenary fibrosis 1o rats exposed for 18 months or in Suinea Pigs
exposed for 30 months, These findings seamed to show Xaylo dust to be g ..
blologically inert material, In the SIperiment dealing with the effact of
the dust on a tuberculous infectica the ‘rosulta wors inconclusive, indicating
that the experiment ahmxld. be repeated, - ’

The third Foport, dated October %0, 1948, presented the finsl observa-
ticus on the effect of inheled Kaylo dust on Dorzal wninfected guines pigs.
Contrary to previous toatative impressions, bdased Upod an exposure of SO

. mouths, which suggested Iaylo dust to be inert, the study of mizals exposad
. for 36 months disolosed that the xaterial is not inert but 1s capadle, on

prolonged inhalaticn, of producing asbestosts in guinee pigs, &nﬁr,
neither silicosis nor the diffuge fidrosis whick 18 causzed by inhglea
diatomacecus earth developed in the eXposed lnina.ls!. '

The fourth report, dated April 30, 1949, reviewed the results of the
first 8 months of a pew oxperimeut in which the effoct of inhaled Kayla

, Qust en & tuberculous infection in guines Pigs was studied, 1w definsitely

adverse offect of the dust on the infeoticn during this 8.manthg period

The f1fth report, dated Jenuary 1, 1950, supplemented f‘.hb {nformation
givea in the fourty roport by extending the cbservaticns to infacted anizals

o4 a
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thes bed bm:. exposed %o Keylo durt fer noriods up 4o 14 cocthe, Ths

tindinge ot that tizs suggzected that 3~\'lo dust hed @ :llchtlg"gdvor:o

anflusngs e the courze of ¢ tubyreulerd Lufection in guizes 7igs byt that
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At o ec::t‘-uc.t‘on of the nrovious interiz raports exd es & sumary for

“ — -
e

_j;h;i.: :L_:,alp_zprt,_ g_rovieT of She exilze proga of soedy &3 reported,

_ Xa tbe iohalgtioa expecinict (Serpszo eoorstory X, ..312, 1100, 1104)

g:-c:;o of ;ﬁm Pigs, rets, oo =& beuctoz T=re pleced §n ¢ c.l"c..l du*t

- -

roa, 8 fest in divomsicn, o '-'S:i_ch__;n etoogpharie meepentiog of Keylo Cust
=t ._intaincd, "‘h- » TOe2 TS occra.-e.. Por Sore ton five .eu's, frm

Tebruery 19 to uum 15.«0 ’Xest 450 gnisalay =27 Tsed S: tte o:qeri:.:nt

A i e = -.. ——— -

t.:zd e ot "‘~u Uged In t.e dust »occ3 for a3 loxz o2 I jerss,
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2. Condiﬁm' Fomence -

The tb.ms;be'r‘.'c sarpeasia” of Legls dust w3 sreabsd by ths coticn of
a psddle that rotatsd inzids ¢ ropper, ~cozved s cazar of “he dust Toe=,
“which centrinsd the fiely-diviced Zz"lo product, The dzs cloud gomesaied
$2 this mannor flegted out {ute tho roo= TicTe iV Tus maistelz:d for 8 howr
~“cn ive é:f}‘t of tha voek zad far 4 Lou-z oa Satu~deyz, A% sspular ioterval

durirg the arporizezt a fow cairels Tooo Hlled =md tho sitsues crzxmined

- gresely and mleroscopically 4o Zoter=Xze thy nebre -—d trs extaat of tkho
éugt reactica, The tiszus Tes axlso onelyzed chizicelly o estizats tho
anmmt of Laylo cugt retalizsd i ths lumgs of mircle epored Jor defirits
poTiods «f-tim, ’ - ) ¢

-f o
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Dust comts of atzospheric samples collected {n the dust roon with the
aldget {mpinger were xgde Tegularly, The omoentration of Xaylo dust to
whiah the min.t;octod snimals wore exposed was gomnny ﬂthj.n tha range of
100 to 125 millien particles per cubic foot of air end the overall sverage .
was 115 millien, In the Speriment with infected anixals the cancentration
w8 bhigher, the aversge belng 206 milliam,

B, Exposure of wninfacted animalg

Three smecies - gainea pig, rat, hangter - were eployed in thip phase
of the investigaticm, A t\m.ry of the findings is given in table 2,
(1) Quines 315. At the beginning of the O-tporiluut 100 winfected
guinea pigs ware placed in the dust room end 6 menths later 25
TS ere added to replacs aninals that bad died i an epidexic of soute

pasuzcals, Singe this pneumonia occourred at that tine also in enimal,
‘#1p0sed to another dust ig a0 adjacent room, the wfortunate opidemic wus

ocnsidered accidental, Epidemics of this rind, which oceurred occasionally
in experinents at that time, bave since dean cc::tronod Groups of guirea
pigs, ususlly 2 to ¢ in sumber, were killed at 2, 4, 6, 8, 12, 8, 22, 24,
27, 30, 3§, and 36 months after the YoginningTof their €Iposure to Xaylo
dust 20 that the course of the pulmonery roaction sould be followed,

In guinea pizs oIposed for periods up to 30 menths there was only o
-uild tissue response to the inhaled Kaylo dust and tho Teactieon was lizited
to ﬁu accmlatian of olumps of dust-cantaining mcrophngot in groups of
adjoi.ning sir speces (fig. 3). The intervaning elveolar walls wore only
slightly thickened by aocumulated lymphocytes, Oocarfcnal multisuclested

01 034 0008
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giant oells were vidblo but there was no oxcéssive proliferaticn of tissue
I gtiocytes or deposition of connective tissue, A few asdestosts bodies

were semn (f1g, 4), Mioroscopic study of ?bo-'tx;acheobrmchial lymph nodes,
which becaze enlarged but remained soft, revealed olusters of inactive dust
oells similar to those in the lungs but without asbostosis bodies, It is
pertinent to poi;xt out bere that animala exposed to ssbestos dust for a
Similar S0-mcoths period exhibit a severs t18sue reaction with the producticn
of fibrosis (fig, 6), Por comparison, & lung section of a noreal guines pig
1s shomn (fig, 6),

The 9 animals exposed to Xaylo dust for more them X manths (3 animals
for S3 manths and 8 saaizals for 36 months) showed not caly the lesians 1iks
those of the X-aonths sninals bdut also exhibited & trus fibrosis of & type
characteriatio of the responss of gnino; Pigs to inhaled asbestos fibers,

"This reaction is a rather diffuse type of fibrosis which forns principally '

sbout the bromchioles, the small duots from whioh the terminal air spaces,
or alveoll, arize, 4 comparisen of fig. 7 and fig. § revoals the similarity
of the tissue reaction produced in the lungs by Xaylo dust and by asbestos
dust, The lesians in the tracheobronchial lymoh nodes ahowed no change
between 30 mamnthe and 36 moaths, o
(2) m;. This species was exployed because {ypiul nodular fibrosis
produced by 4nhaled quarts dust dovelops mare rapidly in rats than

"42 animals of other species, Forty rats wers used end somo of thea ware

- exposed to Iaylo duat for as long as 18 momths, Pnoumonia was uot a
prodlem during the Mrst yoar of the experiment but among the rcta oTposed
for 13 to 18 months i6 animals died with torminal dbroanchiolitis end lodbular

01 034 0009
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poewzonia, Singe laboratory rats older than cue year, ewen those not
oxposed to dust, are oomonly sudject to this type of lecion, the high
mortality rate s not oonsidered significant, In order to follew tho
progression of the tissus reaction to the inhaled Kaylo dust rats were
killed in groups of 4 after 8, 9, 12, 15, «nd 18 months of exposurs, I¢
was revealed (fig, 8) that throughout the sxperinent the reaction to the
dust consisted of focal collssticns, in the alveoli, of macrophages which
contained particles and spicules of dust. The only change cbeerved as the
sxposure period became longer was an increase in the number of the alveolsr
fool, Sixilar dustefilled macrophages were seen in the tracheobranshial
lyzph nodes, In no animsl was there any tissus reaction typical of 8ilicoais,
The peridronchiclar fibrosis of asbestosia was not disoovered, though oceasione ‘
al asbestosis bodies were cbserved, In view of other sxperiments with pure
:long-nbro ssbostoa dust, typiocal peridromshiolar fibrosis would not be
expeoted in 18 months exposure to Kaylo dust, -
(3) Zmsters. Twenty hamsters were placed in the duct rocm and after
S5 95 12, and 18 months of expowure 2 animale were killed at each
poriod for study; at the 6-aanths poriod 3 amimals that died from othar
Cau3es wire exemined, Histologic examination revealed that the Keylo dust
sccumilated very alowly in the lungs.. Ko fibroois Was soen excapt in ome
. hamster, which had been exposed for 18 nont.tu In that anizal thero was o

sener 8
prs

trace of peridbroschioclar fibrosis so slight that {t eould be definitely

- @
. * o

recognised anly et high magnification, Asboatotu bodies 1.: gmall pumbers

and at the usual sites wors presoat

01 034 0010
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€, Bxposure of tuderoulsus animals

There are three types of experiment which are valuable for dotermin!
the effect of inhaled dust on the development of tuberculosis in experime

enimals. In the sizultaneous infection experizent normsl animals are in:

with attenuated tuberole dacilli by the inhalatiocn method and then are L
ately tn;uforred to the dust room, Thus, the tuberculous disease and t
reactian to the inhaled dust will develop simultaneously, In the reacti
experiment the animale, after being infected with the tubersle bacilli,
allowed to 11ve in & clean atmosphere for several months bofore belng ex
posed to dust, During this period the tubsrsulous disease geaerally reg
and some healing takes place, Pollowing exposure of the minal.l to some
dusts the lesions may continue to regress or, with cthor dusts, the tube
process mey become aotive end spread, The predisposition experiment is
‘in whioh animals ars exposed to dust rc;r severasl months, ars then infec!
and sre immediately returned to the dust room, where their exposure to «
$s cantinusd, In this way the effeot of a previcus dust exposure ou th
early ococurse of a tuboronious infection can do studied,

For investigating the effect of g.ﬁhulod iaylo dust on the course o
tuberculous infection a particular attonuated ;m-ai.n of human«type tube
bacilli, kmown .u the Rl strain, was employed, This strain ‘has & low
degree of virulence for guinoa pigs and, in the uomﬁ mimal, produces

" " selfelimitsd dlsease which will progress for 2 to § months and subseque

_ .heal, In an snimal which ha: inhalod quarts dust or certain other tox!

o ®*®

dusts, however, ths diseese usudlly progresses continuously end ultims’

csusos the doath of the animal, Since experience has indicated that &

-9-.
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Dacilll of the 21 ltmn have about the gane degree of virulence for the
gwines pig &8 tubercle bacilli of the humaz strain have for man, it ig
pozsible to obtain scme correlstien betwean the influenge of various dusts
en the By tuberculous infection in guinea Pigs and the effeot of those dusts
on & tuberculous disease in industrial workers,

For {nfeoting the enimals with taborcle bacilit en inhad atien tochnio
was used, A glass tube was fitted over tiw snimalts nose and imto thig
tube a suspension condaining a knom number of bacill! of the Rl strain
¥xs sprayed with a DeVilbiss atomitor. As the ®iza) dreathed, he inhaled

the atmospheric suspenstca of baoilli into the lLimgs, whers they becane
localised,

(1) simultanecus 1nfection: guinea oigs infooted at the time their
R Ll —.-.m—...-—.-.——..

axrosure to Xaylo_dust was started, In the firet experiment ia

. which enimale wore infected wich tubsrcle dacilli at the time that thetr
°exposure to Zaylo Gust was started (table 3), 25 guinea pigs were used dut

an epidemic of bnewzania during the first 10 manths reduced to 16 the umber
of snimals availadle for study, Two of these died at 14 months, apparently
frea progrossive tuberculosis, end 3 others died from undetermined causes,
but pot fram tuderculosia, In the rezalning IZ animals the course of the
taberculous disesses was followed by H1ling 1 or 2 animals st 1, 6,9, 12,
15, 18, and 24 months after infeotian, In 11 of the 12 animale the lesions
were isolated, *acapsulated, and rogressing; in the rezaining snimal, which
was ld.l}od ot 15 months, the lesions wers widespread throughout the lmg

" 'but fibrosis had been produced, whioh indicated a tendsmcy to heal, In an

attempt to dewslop a strain of guines pig resistamt to the infectian that
had caused the prneumonia, mome of the animals were used for bresding during

-10a
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tudbercle Mni 'haum- the infeoticn 18 combined with dust exposure or
not, those animals must bo excluded J.a assaying the effect of an inhgled
dust upen & tuberculous infoction. It is believed that "sports® are mimals
whose native Fosistance to the attenuated R) organiem s unusually low,
Support for this belief {s given by *Xperience with quarts dust, a definitely
hazardous material, which reactivates mm inhalatian infection produced by
attenaated Ry bacilli but ordivarily 1is not asscolated with Giberculous
extonsicn to organs other than the lungs and trachsobrenchisl lympk nodes,
The control ncn-dugted group (table 3) of guinea pigs for this experizent

was infected at the same time as the experinental P of animals subsequent-
1y dusted, The same culture of organims was used for all animalg, The

tuberoulons infection followed its usual course in the acatrol group and
rosolved in all of the snimals except one, o "sport", in which the disesse

. spread,

Although a progressive tuberculous disense was noted in ¢ guineas pigs
of the secend experiment, the degree of extonsien of the disesss in them
wes slight, The remaining 23 enivals, 8 of whick died of intercurrent
prouxonia, showed no spreed and the infection fallowed the datural course
of regression and Reeling as in the non=-dustdd control animgls, It 4s

believed, therefore, that ths inhaled Kaylo dust had no significantly adverse
offeot an the tuberculosis,

(2) hmﬁuﬁmidnﬁmeJﬂM&ﬂp.dﬁfhggmhd“luwd

dn clean air for several nonths before being exposed to Kzylo dust,

In the reactivation expertment (table 4) 26 guinea pigs were iafected wth
the attenuated bac{lli end allowed %o 1live in a clemn atmosi:haré. Animals

-12.
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this experimeat. The 2 enimals that died froa progruain tuborculouil (at

14 mouthq) and the eingle animal, killed at 15 months, that exhibited wide-
spread lesicus were sll used g3 breeders during the experiment but 4 othsr
animals in tke oxperimont, which wore algo employed for’ breeding, failed to
l.b.av extanaive disesse, Owing to the olcmcnt of mnosrtainty intraduced s 4
this factor of br«diz:g. and also because of the Righ rortality from poeunanis,
it uaa oaneidered imposeible to establish, n-o. this experimant, definits
coucluaiun- about the effect of inkaled Xaylo dust upon tuberculosis, ang
thearefare the oxperimast was repestad,

The simmltaneous !mi‘ection exporizont was canductcd & second tine
(table 3) with 30 guines pigs, instoad of 25, and animels were kt11ed in
pairs tor study at 2, 4, 6, g, 12, 15, and 24 zonths efter infection, Agatn

‘that cause duri.ng the first 8 manths of oXposure and 2 more during tke following

16 months, Of the remaiping 22 gulnea pigs ¢ animals Tevealed, at 16, 23,

end 24 nonthl after infection, a tprudi.ng tuberoulous dlssase, of minima)
sxtent (fig. 9), which ¥as confirmod by microssopic exsninstian, Three

other gnimals al go had o cproading tuborculuio but in tha the digeass bad
extendod to the spleen ard other organs, ‘n:sao anirals were considersd ex-
ceptional and in the past have been claaaified a8 "sports™,’ The ternm * sport®
is given to & muinss plg in which the inhalation infection with the ettenuated
bacilli ix act confired pr:lncipally to the lungs and triocheobronchial lymph

Bodea but extends algo to other organs and produces in them tuberculous

changes of sufficient extont to de roecognised {n the gross, '3iga5 "sports"

roprosent a departure from the normal pattesn of tissue rescticn to attenusted

e l]l o
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of this group were trassferred to the dust chx &t 2 months (10 mi:ull).,
4 aauths (8 animals), md 6 menths (8 animals) efter infection., In order
to follow the oourse of the tissue resoticn a peir of snimals of the first
subegraup (2 months 4n clean air) was killed a;ter cnly 2 months of dust
eXposure and, in addition, animals from all Eroups wore killed in paire
after 4, 8, and 12 months of exposure to the dust, !mmuap of the tissua
of the dusted animals failed to reveal a sigrificant reactivation of the
tuberoulous disease by the Snhaled Kaylo dust, Only cne mnimal ghowed
¢vidence of spreading pulmonary tuberculosis, wminimal in extent (£1g. 0).
That animal was 1 of S that had Yived in olean air for 2 months after ine
foction and then had been axposed to the dust for 12 manths,

In the oontrol group (table 4) ths tuberculous dissase bebaved in the
normal manner md bealod, with the exception that aue animel (a "spert®)

dovdopod a prud:.ng disease and died from tuberculosis & months after
“infestion,

- - {8) Predizpesition infectiem: guinea pigs were infacted § months aftar

their exposure to Xaylo dust was started, 4a experiment of thia
type 13 & severe test because a dust that is caly very slightly taxic may

produce tiscue changes which, thou.gﬁ ainor imcheracter, may de suffiocfent
to dtor profoundly the developmzent of a fresh tuberculous infection, In
this exporiment (tadle 6), which was designed to study the effect of Kaylo
dust scoumnlated 1.n the lung upon a nowly~developing tuberculeus digeace,

30 ;u.tnu Pigs wore exposed to the dust for 3 manths and then were infected

"lith attemuated tubercle bacilli, The dust exposure was izmediately reeumsd

u:d carried cn for another 21 montha,

«18 =
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During the eourge of this experiment § enimale were killed at the end i
of the prelininary $ mentn, dusting periocd, They showed enly an occasfanal
olmp of dust phagocytes within the alveolar spaces, Of the dusted and
infected animalg, 7 died from intercurrent paewmxnia, which eliminates them
for purposes of analysis; 1 antmal died at 14 mortis after infecticn fram
spreading tubereulosis; end th. rcm.tn:l.n; 17 enimals were killed in pa.i.rc
et 2, 4, 6, 8, 10, 12, amd 16 noathe cnd 3 were killed at 21 months after
infectim, Of the latter Eouwp of 17 animals, 1 showed 3Dy spreading
tubercles, 10 revealed soattercd spresding tubercles and 6 exhibited healed
tudercles, These nnd.ugg ipdicate that a tuberculous infection in guinsa
pige that oricimt“ soveral manths gfter a prolonged exposure of the mimpals
%o Xaylo dust was initigted may de wnfavorably tnfluenced by ths inhaled
dust, This influenoe, howsver, {a minimal in degree,

The tuberculous infection in the control mimals (table §) {n general

"regresscd and hosled, of the coatrol animals there 28, a3 usual, 1 "gport

. 0804
o

ee= @

o oo,

aninal”, killed 10 maaths after infection, which revealsd a fow mttcr-d
imlated tubercles that were of the spreading type,

D, Analysis of tis3ue of exosed animals

~ .

Chemical analyaia of the lungs of uninfected guinea pigs that had
inhaled Xaylo dust for periods up to 38 months yioldod the datc reported
in table 8, It will be noted that as the periocd of exposurs beceme lcnger
the ash wvalues Cradually {norecased, thus showing that mineral matter was
acouulating in the lungs, There was a pronounced incroase tn tho silica
eompamout up to about 30 menths end theg @ slight decrease, . The reason for

alf .
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this camdition, which has deen observed in experiments with other dusts, {s i
Bot sutirely clear but it seams to be dus in part to diluticn of the inhaled
dust with the inorganic components mobilized 28 & result of the ircreased
tissue reaction which developed, &s already nc;timed, in the guinea pigs
betwsen 30 and 36 months of sxpoeure to Xaylo dust, Since cnly 2 mmimals

were analyzed for esch exposurs poriod, individual values occoasianelly
were out of line but the general trend was ¢learly {ndicated,

V. REVIEW OP EXPERIMENTAL FIXDINGS

The findings deriwved broa the varicus inhalaticn exporimsnts will be
revieved briefly and some points of significance neticned,

A, TFindings for normal animals inhaling Kaylo dust

The results of the {nhalaticn experioont prove that Xaylo dust, whan

.inhalod into the lungs of guines pigs for a prolonged period (30 to 36

ctrnng &
s
L ]

owa @
o & o

months), is capeblo of producing the peribrenchiolar fibrosis charactoristic
of the diseass asbostosis, No fidrosis was formed by the inhaled dust 4n
rats or in hamsters, with the choptian that fibrosis va3 barely recognizable
in a single hamster, exposed for 18 manths, In animals oxpo“d- for 30 months
or leas the les.iom showed no fibrosis but certain aspeots of the lesicng,
although masked by ths resotion to the inert companents in iwlc dust, were
compatible with s early stage in the dovelopment or asbestosis, a disease
in which there {s a predilocticn of the fibors to localite in ths terminal
bronchioles, This behavior 1s umlike that of particulats material, which

is initially deposited chiefly in the alwwoli rather then hx th; lupens of

-l -
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the bronchicles, Stnce the Rajor porticn of XKayle dust 1g particulate,
great deal of it do¢zed in the alweoly and the rescticn overshedowed the
devoloping peribronchiolar Tesponse to the asbestos fiders of Kayle, It

Wus noted that in the region of the branchioles of animals whick were exposed
for leea than 30 manths there was evidence of more dust gell activity than
i3 ysual in the reaction to a0 inert dust, Little significance was attached
to this observaticn at first, however, because there was no indicaticn of
fidrosis, The early rucfion to Keylo dust is sozewhat 'different from that
to asbestos dust, since the particulate caTpanonts modify the typo of lesion,
In silfcoeia modification of the lesions 43 a nn-rocogn.tud conditien
which fullrmgs the inhalation of a mixed dust contci.ning quart: and certein
inert watericl, such as iron oxide,

" The rato of pnoumania among ths mimals exposed to Kaylo dust was

.wnteeally high. Stnce the poounonia rate has been cletated also ia sovera)

izhalation experiments concuctad with asbostos dust, 1t i, possidle thet the
asbaztos ccmponent of Eaylo may have an unfavorable influence on the incidense
of prew=amig, Veriflcation of this Posaibility must swast further study,
Fhile the experimentel invostigation pmvud that Kaylo dust 4o capable
of produciag asbostomis, the reoults showed that the dust will not cause
51licosia in eximals of the throe mpecios tested, In noune of the animals,
even thoee expozod for the full 3~year psriod, was ﬁ:ore &ny focus of the
byeling medviar fibposis sheracteristio of wlicosie, A study of the expesed
aninzls diosloscd also that Eaylo dust did not produce tae dtftu:o fibroais

which follows the inhalation of diatomaceous earth, In regard to the hydrated

- 18 -
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caloiua silicate Ihich‘u the major canstituent of Kaylo it may b; said
that although thers is pno specifio information about the effect of that
compound o8 pulmonary tissue, there 1s imoh o}_ﬁ,n‘icd and experimental
evidence to muggest that it 1a biologioally imert, Purthermare, in the
inhalation exporiment with Xaylo dust there was no deleterious effoct noted
which could be c&nbutcd to the caloiwm silicate Samponent of the inheled ‘

material, This observation i3 supperted by our studies concerning siodlar
calofum silicates in oenent,

B, P:.ndinp for tuberculous animals mmg !ﬂlo dust

The inhalation *xporiments in which tuberculous guinea pigs were
exposed to Kaylo dust indicate that when the enimals wors infected with
attenuated tubstole bacilli at the time exposure to the dust was started,
. OF wore infected pridr to that tine, the inhaled Laylo dust had little e
"no wnfavorable effect of significance an the tuberculous infeoctica, In

Rost of the expoced animals the tudsrculous disease hesled in a narmal
Ranner and in the few animals that oxhibited » sproading type of lesian
the sgzravation of the disease by the dust was alnimal,

Then thn simals fnheled Xaylo dust £or several monthe before being
infeoted, the subsequent accumulation of the dusts in the lungs seemed to

bave a alightly utfavoreble influence an the usual course of the tuberculous

*.. discase,

‘ VI, SMOuRY

4. Xaylo dust, whon fnhaled for a prolonged i;oriod, 1s cspanle of produoing

-17 -
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in ths lungs of guinea pigs, but not of rats, the peridremehiolar fidrosis
typical of asbestosis,

~“\

3. The inhalatian of Xaylo dust will not cause in guines pigs, rats, or
banmsters either eilicosis or the diffuse fidrosis which eometimes follows
the inhalation ef diatemaceons carth, )

C. The inhalatien of Kaylo dust dces Bot aignificantly influence the usual
course of tuberculosis in guinsa Pigs i{nfeoted with attenuated tuberole
Bacilly, provided the infection 18 given to the anizals before they are
first exposed to the dust, In guines pige that have inhslad Kaylo dust
for ssveral months before I;cing infeoted, a continuation of the exposure
sppesrs t have a slightly unfavorable offect oo the diseass,

.- .
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Tablel !

ANALYSIS OF KAYLO : )

(Analyais of lot #2, receivsd in January 1947)

4

Chemiocal snalysis

810 . 43.80%
r.zss 1.69
710, 0,12
MnO . 0.09
Cel 24,94
MeO 7.10
Ka30 0,17
X0 0.15
Loss below 105°C 4,52
"  above 105°C 15.19
98.74

Pztrograshic and Xeray diffraction analysis

The material oonsisted principally of elay-like meéses
which produced a dcﬁ.nitcj X~ray diffraction pattern, presumadbly
that of a hydrous calcium sfilicecte, Qu:rtz particles up to
0 miorc?ns in sigze were present, but thsy were not numercus
and by weight probdably made up less than 1 per cent of the
sszple, About 6 per cent of the material was osleite and

approxicately 16 to 20 por cent was chrysotile or serpentine,

which was largely fibrous, The fibers and bundles presomt
Were usually several millimeters in lemgth and wers seldom
shorter than 0,3 millimeter,

01 034
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Table 2

SUMIARY OP IMHALATION EXPERIMENT WITH XAYLO DUS?

Expoawre of Uninfected Animals

Kature of Animels  laximm Results

Experizent used duration
of

exXyosure

to Xaylo
dust

moanths

125 36 Peribronchiclar fibrosis, like
g. pigs that of asbestosis, produced after
36 months of exposure, At 30
months of exposure reaction was
limited to accumilation of cluxps
of dust~cantaining macrophages,

. without fibrosis, A few asbestosis
’ - bodies wore seen, Tracheobrenchial
( 1y=ph nodes becars enlarged but

remained soft and without fibroeis,
Uninfected
animals 40 18 Pocal collections of duste
exposad Tats containing macrephages in the
continuously alvecli and in the trachecbronchial
to Keylo lymph nodes, Increase in number
dust until of focal collectiona was the enly
death,

change cbsorved as exposure poried
became longer,

Fo silicosis or asbestosis,

8

18 Dust accumlatod very slowly,

Ho fidroais except {n cne animal
whiod showed very slight fidrous
reaction after 18 months of exposure,

Asbestosis bodies in smmll miumbera
and at usual sites,

harstera

-~y
PRI
%

s =
o e, .
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Tatle 3
1

SUAMARY OF INHALATION BXPERIMBNT WITH XAYLO DUST
Exposure of Infected Animals

(Simultanaous infectien phase)

Kature of Animals Max{imm Results
experiment used duration
of
exposure
to Kaylo
dust
months
Animals infeoted . Results tnconclusive; adverce
with tuberole influence of Kaylo dust oo a
bacilli® at 25 24 tuberculecus infeotion not defi-
Yoginning of 8. pigs aitely established, 'Progressive
exposure to disease in 3 animals thet had
Keylo dust been used ss broeders, .
Centrols to 26 0 Infectica followed usual

* infection; no g. pigs course; no spreading disease,

© exposure to dust ¥o ponoumania,

Animals tnfected Little or no significantly
with tubercle adverse effect of fnhaled Kaylo
bacilli® at 30 24 dust on a tuberoulous infection
begimming of g. pigs was demoustrated, Confirmed
exposure to sproads, all of slight degres,
Kaylo dust, in 4 of 27 exposed animale; the
(Repetiticn of other 3 exposed animals were
previcus experi- _ “eports”,

) , o _
Centrols to 34 0 Infecticn follomed psual
infection; mo g. pigs gourse; no spreading disease
exposure to except in 1 "sport”,
dust )

*The guines pigs wero infeoted with tubercle bacilli of ‘the -
lowavirulent Ry strain,
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SROURY OF IMHALATION EXPERIMENT WITE KAYLO DUST

Exposure of Infected Animals

(Rezctivation phase)

Tature of Animalea Naxdimm Results
experiment used duratica
of
exposure
to Iaylo
dugt
months
Animals infected
with tubercle
bacilli® end then
left in clean air
for the following
periods before
being expased to
durt:
2 mmths 10 12 Eo definite evidence of
g. pige Terctivatiar of the tuberculous
infection exgept in 1 animal,
oxposed to Kaylo dust for 12
months, that had a slight spread
of the disease,
4 months 8 12 Fo definite evidedce of
reactivation,
6 moaths 8 12 = No definite evidence of
reactivatian,
Controls to 34 (o} Infection followed its usual

infecticn; no
eIposures to dust

course and resolved in all
anizals except cne, a "sport”,
in which the diasase spread to
othor orgens and caused the
death of the animal 6 months °
after infectian,

*The guines pigs wors infscted with tubercle dacilli of the

lowevirulent R1 strain,

01 034 0024
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SUIGURY OF IRHALATIOR EXPERDMERT WITH EAYLO DUST

Exposure of Animals That Were Infocted 3 ¥onths After Their
Bxposure to Xaylo Dust Ras Started

Hature of Animals Maximm Reocults
experimzent used duraticn
of
exposure .
to Kaylo
dust

months
Animals 30 ] Spreading disease in 1
exposed to 8. pigs | (before infect.)| eniwal killed 2 monthe after
Kaylo dust infectin and in 2 animals
for 3 mogths, plus dying 14 momths after infection.
then infectad
with tubercle 21 ;
bacilll®, and (after infeot,)
the exposure
to dust
aptimsd
Cantrols to 2§ -0 Infecticn followed its uswal
infeotion; g. pigs ocurse and resolved, with the
O exXposure exooption that 1 mim.l killed
to dust

10 months after i.nroction
showed scattered Lsolstod
sproeding tudercles,

th guinea pigs were infected with tubercle bacilli of the
lowevirulent By strain, ;
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Table 6

ANALYEES OF LUNGS OF ORINFECTED GUINEA PIQS EXPOSED TO DUST

IN INHALATION RXPBRIMENT WITH XAYLO DosT

An-ﬁo.ﬁ.r of anipale to duat was oontinuous uptil death)

Owense=Illinois 1-X-562

.
PO

Poriod of exposure. to.dust 2 4 & 8 10 12 18 21 20 2 0 335 .30
{months) .
X % £ %X % %X % % £ % £ £
' ’ ‘ . .. )
Anount of ash . 4.42 4,47 4,154,609 4,66 4,88 4,85 6,12 6,08 §,13. 6,62 6,70 6,63
(X of dried tigssue) 4.04 4,42 5,74 4,34 4,81 4,9 4,9 5,23 ¢.71 4,78 8,83 5.38 6.38
. . K ) - . .... . Qo‘ﬂ
. . ) u. e
Rineral components Sidy 0.24 0,22 0,26 0,31 :p,48 0,68 0,69 0.64.70,66 0,82 1,10 0,07 0,66
(X of dried tiasue) s 0.20 0.19 0,20 .0,26 0,41 0,61 0,86 0.64/0,60 0,46 1,12 0,69 0,07
. : . © 0,54
Ca0 0,06 0,09 0.,08° 0,13 0,24 0,14 0,09 0,19 013 0,14 -0,14 0,13 0.16
0.06 0,06 0.10.0,21 0,11 0,16 0,10 0,16 0,14 0,13 0,13 0.12 0,11
. ) .o.- ° ’ OOHQ
Mg0 0,07 0,09 0,08 '0,00 0,21 0,22 0,26 0,13 0,068 0,19 0,06 0,21 0,19 .
o 0,08 0,08° 0,08 0,11 0,14 0,08 0.32 0,08. 0,00 0,16 0,06 0,17 0,17
M ‘e ’ ) : QQH«
Minoral components 810, 6.67. 4,87 6,05 6.04 10,12 10,60 12,27 12,64 12,70 15,03 19,66 17,10 16,10
(% of asn) 4.06 4.42 6,36 8,49 6,42 10,26 17,66 10,30 12,62 0,66 20,26 11,00 12,45
. . T 9,92
Cal 1.06 1.9 2,00 2,76 3,064 2,60 1,85 3,68 2.6 2,67 2,68 2,26 2,89
1.23 1,69 2,68 2,43 2,20 3,17 2,06 2:90 2,82 2,41 2,28 2,26 2,11
' 2,96
g0 1.69 1,99 2.00 1,77 4,307 4,66 6,51 2,03 1,20 3,78 0,03 8,77 S,28
1,62 1,09 2,19 2,43 5,02 1,60 6,66 1,46 1.72 3,00 0.9} 3,26 8,17
Lo ' 2,38
/l\ N . f“\ v ol.\u.
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Fig. 7. lung tiseus o 2 33iz3a piz infacioc wiih attczuniee tubsrels bacril:s
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