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•Thie eeriu ■ of 1tudh1 ot a1best011a, inltio.tod at tho Sc.runno 
Laboratory more than twenty year ■ a6o by the latoDr. Loroj u. 
Gardner, director of the Lo.boretory, we• nearly completed at ~ho 
tir:io or hla dee.th in October 1940. Although pBrth\. r<•peirte end 
lnfon!!nl ruv\ewe of some or the oxpert:-.onto had bnon r..lv<'n rz.o., 
tirno to tln1e by l'loctor Gardnor, this paper !,ron,mtfl fur t~ . .> f1rrt 
tlr.10 a r.01r.t1lct.o s~ .. •ey or tho cnt.1ro oxpori.1'!lcntlll ln-vt;ct1gntioa. 

/ / I. 
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1 ,; T R O D U C T I O II 

Aaboetoslu ia a form or pnownocon1osLa resulting f'rou:. prol?11ged 

inhslat1.an or usbcetos duet. Tho nan.a aolJostoe, 11 torally "unburnnble, 11 

ic not thcit of II o1,cc1 rte 111irterol but 1• a term oppliod to a nur.'lber or 

dirrorent minorala whoue ch1n·acteri1tic toature 1s a structure composed 

of lor.~, parallul, flexible fibers. This structure is uniquo because 

th:, tibera aro ccpoblo or rn~oated lMgltudinal aubdivi:alon to units or 
moleculor propc:..rtior:a. Ia le-ngth the fibers i:ary rroo a r8\, microna to 

I• 

st x: or more inches. :~orao varietiea are at.\ rrer than othors but. many e.ra 

•uf'ticiently fl ex1ble to bo upun iuto yarn and wovon on 111odif111d textile 

aaaohinery. 

TI10 asbeslJO r:ilr-orals ore oillontoa or varil'lblo cm:!position and be­

lo ,g to tho aorr1e~1t1.1,e and tho amph!t:>lo iroupa. Listod boluw ure tho 

more collt!lllll v1u·1ot1ea. 

J..mphibole Group 

Actinolite 

A1:ioatte 

.Ar.phi bole 

Anthophyllito 

Crocic!olite 

Tremolite 

Serpentine Oroup_ 

Chryaotile 

.,.I -nu, bulk or tho ubutoa or comzneroe is chrysotile, 3:lg0.2S102 .21:12o, 

whloh i• mlneJ on thia cont1Dent pr1noipally 1n the Thetford re,1on or 

tho ~rovince of Queboc and in Vemont.. Crocidoll to aud amoai te aho aro 

-1-

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
ACL Doc 13192 · Page 2 of 95

Published by AsbestosClaims.Law

asbestosclaims.law/library/13192/2

https://asbestosclaims.law/library/13192/2


CRMC-Motley1000-Subj-000603

k • 
f1 

,. . .., 

I,_. 
I 
I 
I 

I 
I 
I 

I 

I 

'® 
I 

I 

I 

I 
I 
I 

,., 

ueoJ commercially but h. , .1 .• h smallor emounts. Chryisotllo occurs as 

Teins in serper1tine, a 111ir.oral or similar chcmlcal co:nposition ,"tlich 

oxiats in uuusi ve fonn and ls made up or mlcro11copio fibera wt thout tho 

• pa1·ollel orientutlon chsroctorlstic or chryootilo. The mar.ui vo blu-i sh. 

black aerc10:1tir:R, "hlch is su.ooth and soapy to tho touoh, 11 traversed by 

v«1J ns of fibrou:J chry3otile vo.rying in ridth from a bar,,ly perceptible 

l ii,e to eix or r.,oro inches. The fibers run across the vein nnd not length­

't:1ne wlth the furr:mtlon. 

Attentlcn i.s dlrncted to the mir.oral bruclte, i,1:,o.H2o, which is orten 
, . 

.found in tho sr, .o forr.n tion a -;,ri th sor;1on tine nnd chrysntilo o::d lllriy be 

r1~roua 1n etMJc~uro. Exoe?t tor the mnnuracture or mabr.e:iu:n, brucite 

hen no cor::n:orci,,l valuo at pr.,oont becnuao 1 ta fiber ■ Mro not rmfficieotly 

" fl<. xllln to be ,1eod in texttlos, but thoy are oap11ble of repoateu lonil-

tuc,inal auhdlvi 11011. Unlike othor ashoatiform rn1nerftls, hrucite is not. n 

ail ioiato and t'o:- thle reason it ha, boen • valuable tool in an ex;,erlrnontal 

o,-~luation or the aotion or 1'1.broua minerals upon lun& tisaue. 

.. 
F. X P E R l ~ F. N T A L A S n E S T O ~ I S 

For many y.:1ars atudiea(l, 2 ) haYe been carried on at the ~arnnac Lab­

oratory 1n an 1~·.veatigation or the cause, nature and devolopmcnt or aabei­

toda. 'lbe pro1.ont paper i a devoted to experill".ontnl aeheil\toci.:: nr.d 1n 1 t 

1 •. , Gardner, L •. ,. end Cummings, D.~., 
VI. Inhalation or Asbeatoa Dust. 

Studtoa on Experimontnl Pnoumoconioaia. 
J. Induat. Uyg. ,!!a 65, 97, 1931. 

2. o;rdner, L.?J.: Chry1ot1le .Aabeatoa aa an Indicator of Subtile Dit'­
rorencea in .Ani~•l Tiaaues. Am. Noy. T11bero. 45: 762, 1942. 
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an, dt1ocr1ba,, iho trnitn11: .. ,)t1rl~1.mta with various klods or oobestoe 

dust. Another roport, to to proparod and i~•~od ot a futuro dAte, will 

bo concentod wt th hur.1a.n asbeatosla c1?d will covor th• health as~octrs ot , 
wnrker11 who ho,.'a boo,1 OX£10SOd to aahe11tnu duet in rin industrinl environ-

1r.cnt. 

Although :,abrut.osi.1 in 1r.nn 11 a chronic dilunsa w1 th dirf\ise pulruon-
ye:,.rs 

ery fibrosil which requln3/to develo~, 1t h poulbh to reproduce in one 

or more specio:, or an11l.ill chnractorlslia tiuu19 changae "Milch or.a fllr.11.lnr 

to tho ledo:u ,, r hu:r.an aabe~tosh. ( tlg. 1 ). Sinco tho 11fe-sp:i.:c ot th9 

ex_:Jerii.1ont.nl ar.ll?l.Sl 1:t rol!ltiTely shc?"t, it 1s not poastble to devolop 

th., charaoteri.:.tlc loa1.or1a in anim.ah under condl ti one identical with the 

ue·.ial 1.nduatrfrl envlr0l".meot. 

I 
Cons~qJontly, to obtain a co:nplote evalua-

ti..:m er th" tit .mo ruponse to inhalei<! pnrticulate ar.d ribro\J3 ir..a.terill.l, 

1 t la necttsH.r) lo accolernte tho roact1.on by e:11Floylr..; higher cn:.cer.tra­

tl~Jne ot c!ust t~"Wl would ordinarily bo enoounterod in industry. l'lhile 

coudltlona of r.xJoaure are thus different, the information ytelded by 

expetfbontl with oniir.da 1 ■ invaluable in furnishing a bottor underatandt.ne 

or tho roactlor, of tho burr.an organin t.o inhaled u1baat0~ dust. 

Ex;:,cr1inont 111 Methods. For 1nvest.1.gat1Dg tho th&:utt reaction of the 

exper1~ental ar.imal to the ~•rloua aabeatoa minerals, two typoa or technique 

have been ffl?lc:,,od, namoly, tha 1nhalo.tlon method and tho injecttor. mothod. 

In inhalation c,..:.>erlmont~, grou;:ia or animal" - up to l•JO or moro e;ub.ea 

pir,'1 and aomoti!,OS s.1ualler numbora or rabbits, cats, doe;n, rats or r.uce -
g . . K 

are qpt ror ~;=, hour■ a day in a cubical duat room, ~ feet, in d1-
• 

111erilion, tn which a cloud or cubo:st, ... du,t \a. rtalr,ta1r.od by a rotcting 
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. l J pn:ic!le ln a du:;\: hC1pper' . At intervllll during the uxperimont, a few 

ar,imala aro n&\:rificed anu t!-o tiaauo examir.,Jd t:> detonnlne the nature 

up to 1hree ·yeL·r•. 'fhe injtJcti.>n uxperime11ts ore usu(l to detennino ln 

as 11hort a tim,.• es pu~aible ¥·huthor or not a vartlculor dust haa a po­

te,tlnl capacity tn produce iorl:un.-:atory r,mction when in direct contact 

Iii.th tissuoe or tho body. ~·he mathl)d 1.Hvolvea inJoctlnn of the dust, 

ei thcr dry or m.1apo!ldoJ in flutll, into tho animal by the intrav\;nous, the 
the 

in traperi toneol ,./ir:itra1.rachoal, or oth@r router .• 

Long-term 1.nhalntlon experimentl!I rurnhh infon:ation upon which 

ir~at roliance la placed wher. estimating tho degree to which• duet ml~ht 

coaati tute a r,, ap1ratory haurd to lnduatrlal work.era. Evon thouih an 

at..noselioric dur.: may be potentially dsugerous, as indic&J.ti,d by lnjoctlon 
4. 

Cll..:'erimenta, o:. ly inhalation µrocedur~• will rovcul Y.'hether the dust cnn 

be inhaled, pa!is 1.he natural detenne barriors or the body ant.! re.oh tho 

pulmonary tiuue in quanti tie• ■ufricient to c11use damai;e. Injection 

methods are ua,•ful, howeTer, booauae they ~nko certain that contact oc-
~ 

eura between tl1a duet particle• o.nd ti3sue1 and becausa thay allow accur-

ate e1Uma.tior. of the doaa~e and ot tho potentlal co.paci ty or the1t dose 

to produco reartion. The intratracheal method ta particul3rly valuable 

whsn dealing with tibrou1 mineral• like a1b~•toe, since it permits obsor• 

Ya tion of t.he t'. !'feet or tho flber11 on pul111onary ti 1111110 • 

. ; .Tissue Su~ccptlbility. Unliko free ailico, •~Lestos. dooa not prc­

duoe specific effect in all ~rgaos of all apecies of aulmal. Comparative 

_,,_ 
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dota, proaor.tc,,l in tl:\bl, _L. ia baaed upon cc,11:plutoJ oboorvat.lons nnd ... 
tJ1erefore dltf,-1ra slithtl/ from a preliminary report( 2) ~· Introduction 

of' flno qunrtz into V'2rious ort;11111 of the tuir.oll .,1g, r1otb'ui t, rat., saouse, .. 
cat, dot, chicA:tm anti even ti.dpeJltt e"llentuolly Y.-ill prcduoe ailicotic no-

ciuloe but at a di rr"r£111t nitu of Jevt.lo.-ment. =:imilur intruduc Lion of 

lohr".;f,t~.% l:o~~ Y.!-:U7.Ql'. asbestos has resulted in a fibrous reaction in tho 

lu •:i and, to a lo s ser t1xtent, in tho peritoneum but not in o thl:lr or g:m a 

ot' tho guinea 1,lf!, r11bl1lt, cat and whlte rMt. In C)ur expot'ionco tho lungs 

of the doe: 1md "'11lto mouso ta.llod to reapor,d "ith fibroah although 
,, 

Schuator( 3) ha:, roporlbd anch chancoo in a dog U1nt llvod in o.n asboatoa 

tchriceting ph 11t. 'n1h variation in 1pecloe ond in organ auaccpt.ibili ty 

19 yet to be accounted for< 4 ) 1 it h µruwr.r,d that in t.he suRoeptlble 
t 

nnbala the grt utor r<.,netion or the lung to aubei:tos, for exceodlr.g the 

reuction o!' 0U:1r orgim Us&ues, tu due prir.cipally to the gr,~atcr mcbtaty 

of the lung. 

Peculiar Characteriatlc• of Asbestos. Experience has demonetrated 
J!. 

thnt most ot tJ:., no:1-fibroua particulate dust inhaled into tho lunr,e of 

man onll animal 1 s lll microns or lona in mn.xirr.um di:uenillon. Lar&er parti­

clna o.pparentl) do not. gain access to the lung• because ot two reasona, 

tl~•t, lar&• particle• 1ettl• in air so rapidly that few remain suspended 

3. tchuster, Ji.II.: Pul.::.onary Aebestoai& in a Vor.. 
Part 2, 751, 1931. , 

i :d 
J. Pat.h. hact. l,!i 

Vorwald, A • .J.1 Variations in Indhidual Zuaoeptibility to lnduatrial 
°'¼•ta Inhahd iuto the LUl:lga. Am. Jtev. Tuberc. !!• lB, 13, l9SO. 
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in the atmoeph«~re brel\thcJJ aecond, large p11rt1cha are more erroct1vely 

r11;:r,oved hy the pro1.ect1 ve 11.eohnnlanus of tho UL>:1er resr1rc:tory trr.ct. In 

• tt.e cass of ft:,rous 111eteriall'I theso factor~ hn,rc lees 1!1fluuicr. o.nd rt-

oi r s1lt\COS of hu1n11n lun[B. In 00:1111 le.borntory r.i.nimt:ls eT.pos,,d to &r.heato ■ 

dust tho mCLXir.!:.:m longth of flbor fow1d in tho lu:ii rflroly el:c;e:c.,dr. E'.O tt1crona. 

hr:c; 1 s fow!d i r. tho terr,'Linol eir sp:.ce:. ( d vccl c.r ,'u::t, utri ti, el vooll) 

,. 
1ri ell {JO.rte Ol" the ortanr tu contrnct, inhnlftc:! 11:hcstoe fl"iora are first 

dlacoverod in t.he respiratory bronch1.olo ■• Thnno mnall pa111,ages 1&re 1m­

ir.ed1ately dllt•.1 to bronchiol.ou lined hy ct 1 b.ted op1 tholiwn( 6). Their 

1 
OY.11 eJ.acntial 11nint is a low cubo1.dr1l typo or e!"ith.,liu-n but, ne the,r 

,:arne irr,;Jlies, ~hey actually function in rospiro.tion through loternl nlveo­

li .dietributed along their walls. Either these alveoli or tho nbrupt 

change in the ~haraoter or the lining epithelium or the small diDJneter ot 

the r"c90piratory bronchiole or the co~bination or ~11 three factor ■ is re­

•t>onaible for 1·etention ot the fiber nt thlo Gito. Only after asbestosis 

is well natabli3hed ar~ apprecieblo nt.U11boro of rthera aeon in the moro 

pedpherRl air apacea. Further e:rplnnation 1a required to clarity thla 

ob aerTa tion. 

nntc or T, al\uo Roe.rtion to Asbesto ■ Fibers. 'l'hrJ tissue roactio:i to 

•~beetos dovolo:,s cuch more rapidly thnn dr.es tho rco.ct1on to qunrt, du~t. 

s. U1ller, William~., The Lune. Charloa c. Tho~aa, l'ublinhora, 1~~7. 

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
ACL Doc 13192 · Page 7 of 95

Published by AsbestosClaims.Law

asbestosclaims.law/library/13192/7

https://asbestosclaims.law/library/13192/7


CRMC-Motley1000-Subj-000608

• • • • ' 

(7;; 

" • >! 

II 
;,. 

Ill 

" ~ 
~ 

1 

For exnrnj_)le, in rote rol .,i · lni; osbuat01 flbora by intr11.tr11cht1ol 1njoc­

tlou flbrod o cf ct:11ro.cte1 lstic typo 11 vioible ae curly aa ,mu mcmth 

urter icjoction; to1· qu1artz cust ·t.ho lat"ut i,oriod iii t,,lj 1.1cn.th1; 01· &0ra • 

• 
T11111, thn dovoluµ,~rmt of nodulr.ir rtbrll:Jis duo t.o intmhd ail1ct4 lat;G t.o-

or tho dirruse 1·uact1011 to ,n,,outos. ·nlia results ill a d1fforc1:ct1 in t},e 

de1,rev of' µro(.l"••Bsion v.hi ch follow3 tunnlnr1tion o!' exl-'011uru to dust. l'or 

exi.Ui)le, on diu;ont.ii:ulng exposures. the 11udule1 of 81 licoui~ be:;001,,a lttreer, 

t.o n limited u.ttmt, !'or a .,;onsi.Jernbltt porluJ e,{' tl1,,u, whe1'bbO thu fi• 

,. 
bro310 of a:Jl,u1:·:,011ia lnorta11u1 for ozi:l.y a short tir1tt. !:ubsbclu&Jntly, the 

\ 
u:;liu ■totic fiLr"u1a coutractaa this proottu oi'ton llistorta the 1&djacer,t 

vulmon&ry t111n.:u t..r,<l may roault 111 • pro£reaaivo iut.erreretace w1t.h cu-dio• 1 .. 
ret1;,1f1,tory fur.ction. 

.Ashestoei E i:\odios. Tho· poculinr structuro known as thu asboatosio 

bocy or "ouriou:1 bod:," i ■ a specific conco:nitant or acbcutolie{l.,G, 7). 

The typ1cnl body is a golden-yellow, beadeJ or hauetrated rod which ruiy 
~ 

he ei the1· etrrai r.:ht or curved ( figs. 2 and 3). Crtt1n 0:10 or both cn~ls ai·o 

bulbouo like a duub-b6ll. l'he bodies Yary coueluerably in length, anu 

dix:.onaiona u~ t.) 260 ru.lcror:a hoTe been recordod. 

It la beli~ved that aabeatoala bodies are Jue to a deposit of protein 

BJ1d iron piCJNnl. or tleaue origin upon the surtaco or lr1haloJ til,ora 

6.·.1Gloyno, s.li.1 'lb" Formation or the A:sb,ut.>do Body in tJ1d Lwlg. 
'J'uborcle _!!: i9e, 1931. 

T. Gloyne, S.R.1 The Asbeatoaia Body. Lancet. 1551, June 25, 1932. 

I ,., 
I 
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f.n tho for.z.er, ~.r~'babl:r becnu:10 th, hr~cr-slto;i afr p:1!lsni:1,J ad.~it fl-

.. 
th, t1:Jhost.o::1l:: ,,o•ly i>rnvf'nt, d:111.:ic:e t:> ~l,o t! U3UIJ l.,y tho rn~or. :tur:y ur 

U1,, point• 11 .. 1111. I onod obovo w1 ll be eluborRted ur,on in euhsoquon t ;,ara­

~r.,phs donllng n1 th tho 110tur.l eic;,arir.icn t.o. For lJrOP.o::tQtion our lnvc,~ti-

• e;c.cl.on is divli'o,! into t"o a"ctlona, ono do11l111~ Tilth inhnlatlon eX'pori.­
lff 

! N ll A L A T I O M E 1 P E R I ~ r M T S 

:]I 

Four la:cc.-:.cnlC: in?ullaUon 1'Xilt:rh:ontn hsvi: be~;i cooc!u::tud in thi1 

luhoralor,1 T,·itl, ve.riou.s forn,:s or l\tibc:otoa c!u:st. !n er.ch o!' thc&e invcsti-

&a.o.lo:u St1.Jrt1 tl,·:n lCO 11111::-.ala Ytoro ttadd end the cx:porh.ants .,.ore carried 

on ror periods .~nting trom 2 to =ore than 5 years. The four kinds of a1-

be~t011 dust e1:lr,loyod are desi~~natcd a.s !lng'n 1'10:lts, ahort-rihcr, 100 per 

ceut Lnl 1-r.iillt•·J, o.r.tl h .g-fitor csbc~toa luct • 

.,.. ,, .. 

o. Lynch, I.M. and S~ith, W.A.a Asbe ■toais bodies io ~putum and Lung. 
J ., .• ~., .• ~' 65:;, 1no. 

9. f.imac.r,, F.'I. anJ Strachan, A.r..: ~abca:Lo&:io .·od1t?a in tl.J :·,:.tt~i: 
A Study or :·j)ocLu,,ns rt-010 Fitty ,·;c t·kora in nn /,ahuatos \!ill. J. 
Path. and t" ct. ~: l, 1931. 
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__, KI?IG'S nOATS A!>IIFS'fO;, DU:,r 

The f'1r1t i1Jhalatlon e>.periment conducted ftt the taranao Laboratory wi t.h 

nsbeatoa dust waa begun in 1928. Animals inhaled the dust tor periods up to ~3 
,. 

months. Some guinea pitR t1ith B and 9 111onths' exposure lived for fln additional 

thre3 yenra aftflr cessation or their exposure. A prellmlnary report(l) presented 

obaorvationa art~r 29 montha of exposure. At that time observations covered a 

period ot only 2-1/4 years and the conclusions os to the ultima.te effeota or in• 

hale:l asbestos ~ust 1rerc, provieional. 'nloee conclusions aro aubctantiated by 

results Qf the com~leted study, which is reported as follows. 

Composition nnd Atmospheric Concentration or the Oust. The duoting material, 

a oo!l'llleroial variety or asbeatoa known as King'a floats, was oom~oaed of short 

ribor•• rangin& in length from l millimeter to 1 micron or less, o.nd ot particle• .• 
-~ 

which also 'V'ariod in elio. It was obtained !'roin tho Th"tford, <;uohec plo.nt of the 

Aabustos Corporation or America and analyaea (tablas 2 and 3) ro'V'eal thnt the amount 

or fibroua ohrysotlle ••• only 1, per cent, a rather low Taluo. Impinger samples 

take:, soon after the experiment was •tarted indicated thnt the dust concentration 
~ 

was at tlrat quite low, t.he average dust count being only 6.0 million particles per 
tor 

cubic foot or air by the 1tandard light-field technique and o.a million/particles 

and fiber, greater than 10 mlcrcms. After tho inhalation experiment had been under 

•r1y tor about bo yeara, the apeed or tho rotating paddle in the dusting machine 

••• increa1od and tor the remaining 10 months of the experimont considerably more 

du1t was dispersed into tl.., atmosphere. The averoe;e dulJt count or irop!.nger sa:i;>les 

col~cted after thi• change was 53.7 million by the usual light-field method and 

1.6 million tar particle• and fiber ■ larger than 10 microns. It is probabi.,, how­

eTer, that the true Teluea ot t.he duat ~oncentration were higher than the coUDta 

tiven in this paragraph. The impinger oompl<,s for the Kin&'• floota experiment were 
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collecled in water but. le, J . .,t.udiea( lO) have shown that countu ot' impinr,er um­

plea of ubeatoe duet talcun in water are not reliable. Ethyl 11lcohol instead or 

in all lll~'!,:isequ~~~il'!!•mts. 
water waa used aa the colleotlr,g rlu1d £accti:ccotJ:n:rx:r. ~ 

Rea~lt• or the in~eatlgation, briefly aur.miarl,ed in tabln 4, show that in• 

haln tlon ot King• a rloat11 aabegtoa duat produced a typicd peribronchlolor fibro­

sis ln cuinen pies but not in rabbit, or rato. 

Reaction in llorco.1 Ciuiutta Pigs. Cuinea pita inhaling thi1 dust tor period• 

up to 33 month a Jnveloped n ch,u·nctori::tic f'1hros1 a occurring in cani.cel patohoa 

about tho resp tr,, Lory hronchiolf>e. Durinj; this OXj>O ■ure the peripheral alveoli 

wore not involve,~.· Tho. partict1loto ole'11enta in the dust -.;ere transported through 

the lymphatic •y~tem to the brcnchlal nodes, cauaing no eignif'icnnt reaction in 

eithar site; the fibrouo element ■ remDined tt~ed at the points ot original loeal­

hatton 'and •ere :ic,ldorn detected in the lymph node:,. 
~ 

Arter expoimro of 11ppro:drnatoly a year, a m.all amow1t or colluh.r reaction 

had been produced about ma.ny re11p1ratory bronchioles ( fig. 4). As 111ore dust was 

inhaled, it continued to accumulate 1n the ■ame location and later stage• of the 

oise~so_(fir;. 6) consisted or ext,,ndons or tho orl~innl lodona. ... 
Apparently, tho inhaled fiber• wAro ceuc;ht in thu pocket-like alveoli thrit 

are given off frtJ:n the lateral walls or the ros1>iratory bronchiole,. There they 

Wflre phagocyti&o~ and IIW)J or theta were oarriod into the wall by miiratory cell, • 

Uononuclear leuco~ytea attracted to the aroa oausod an opprooiable thickenlng 

or tho bronchiolnr wall. After 

I 

10. Fulton, w.n., Uouta, R.L., Dooley, A. &Dd Mathews, J.L.i Aabuato1i1. 
Part I. Tl1C' Coll fiction 1111d Countiur; of Aahestoo l>uat. Spec. Bull. 37, 
Penn. Dopt. or 1.abcr anti Industry, 1934: 
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16 muntha a dtilicete r1\.r., .. •.• made it• appearance. 1'h-, procoss evolved 

cr11dually acd U1e nu.'l1bor or tine intereellular colhgonous fiber-a atoadlly 

inoreaeod. Aa tl,la flbroala contracted, it partially cloaed ADd distorted 

th,, al'YeoU, unr.l vith t.hh chtmr,e tho alveoli become Hnnd with cuboldal 

coll•• n~o ro:-ul t was an adenoma-11'1!..:, appe:irance which f'requs ntly ac­

co·.:pnnics chro: lo pulm.Jnary Snrl,um.,atlon resulting from ma.ny causes. 
I I 

r:1111aC-ttt) de:.:cdl:ecl a alm1ler structure in tho lun~11 or guinoa pigs ln-

hllline; aillcon oarhido. The lonier e_xposurr:.a to aabc,stoa resulted only in 

m.nre thickozdnr; ot' the wnlls ·or the cir apecea, lergoly due to an incruase 

in the amount ut fl brouh. ,h() fibrouo tluue always remained cellular 

an•J tailed to ehow the hyallnhation oharacterietio or dlicoah. Aabcu-.. 
tool• bodlea (fit. 3), tlrat ••on in the l'U!Jga ot the guinea pig• that 

hcd inhalod du •. t for tibout 2 month•, beoaioo more nwr.croua and raore d1•­
: 

tbctly aepr.c,111 ,d "1th increasing ert')osure. 

Tho reaction produced in guinea pig• expoaed tor 6 ~d 9 months did 

not progress ai011ticantly during a subsequent poriod or SS and 37 months 

when }h• a.~1~0]1 lived in a normal atmoapharo (tlga. 6 and 7). notween 

8 and 11 1:onth!: a rtor exposure ceeaed, tho cellular reaction in the lung 

had been cor.iplct.oly r-,placed by thin atr•:Hla of fibrous tiasue. At 

later period ■, tho scar tia1ue .-aa leis ln amount but ln t~o laat ariir.ial 

aacrifioed, 37 months after dlacontinuinr, dust expoauro, 1ome f'1broe1o 

•u ■till 'Tiat.1,lci. 

I( 

iO. ~1111•, D.S. and Brutaaert, P., Twnor-llke Structure• in the Lun~• 
ot Ouinea Pig• Artltioinlly Kzpoa•d to Silica Duet. Am. Rev. Tubera • 
.!!• 268, 1928. 
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.,, Reaction J_n Guinue ~~;. • Infoola<I with 'fuheTcle Jincllli at lhe Onaet 

· or Dust Inhalation. or tl.e r,roup or 40 r;ulr.oa p1g1 lnfectod with at-
12 

t,muated tuberc:lo Lacllli, R1 strain( H), at the Ume t.hat expo3ure to 

du,t waa botun, 31 dlod or were ftacri ficod bororo thu ceirnplotion or h1> 

ye11ra or duet exroaure and irere reported 111 tho pe.per by Gardner and 

Cu..n:1in[s(l). tcventeen ot those diod t'rom intercurrent pneumonia. llr1cf­

ly, thG resultB were aa tollcw11 10 revo~led •~ne evidence of •~rc&d or 

th,, tubor~ulou:: prooeno ( fig. 8) J in G ot theae it 1vr111 confir.od t.o the 

lu11ga and in tie othor 4 the abdc,:,iinnl -vi ar~era also were invol ,:ed. "'-x­

t11naioo of the lr.foct1on was first aean after 1 months or dust lnhala­

tlona during tl.o next 20 naonlha 111ore than h4lt or the aulruala showed an 
t, 

ac .i Tely 1preadlng tuLerculo11■ aad in~ of them small cavitioa bad de-

,r~lopad. Purir.~ the laat 8 .,.,nth• no aniMl• eithlhlted any cvlclence or 
• 

ac:Llve lnfuct.ic·.1 although in balt or them tho healed fibrous scnr1 or 

pr-,vioua aprea,:s wore obvioua. The 10ar1 were more extensive than is 

cheracteri1tic or eithe~ tuberoulo•i• or asbeetoal• alone. 

Jhe 9 anlr.~ls -hich were atill alive Artor tftO yonrs or dust expo­

sure wero ucri rtced ot lnten&la during th.:, tollowint year. In 4 of them 

the pri1:1ary fod or lnrection were healed ~l th fibroata a11d evon o alci­

fleation and ttore waa no nidenoe ot progre11ion (tig. 9). In th• other 

S the tuberculci:JI foci lhowed ertdenca of haTint; praviou■ly spread locallyf" 

1n 4 or the:n, by the time of autopsy, the foci were healed, ~1th cxeea-

ai"e ti.brosles in the remaining anlntal there wns a coneralized chronic 
,. I • 

tuberculou1 pnfuaoa1a in one lobe and in t.L• othor lobe ■ there were 110-

latad primary tubarol••• which were ■till acthe but had not spread. 

, ..... 
¼i. Steonkan, i::., Jr. and Gcrdner, L.U., R1 Str1&Jn of Tubercle llncl llus. 

l.m. Hov. '.•ubo1·c. ~• fil, 1946. 
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Roaction in Gutn~n ,,, · d Int'oote<l with Tuborcle nne1ll1 ofter 

J-:atabllshment or A!'lbe1l01u.a. Twelve gu1non pigs, arter inhaling ling'• 

floats aabe1to11 dust tor 26 r.ouths, Y,•re fofeoted w1 th tuberolo bacilli 
t 

ard thf'ln romov,·,1 to normnl al r. 
7 

l'Hx of these animah cifod •:lthln .. y.u-· 

~ 
Yieeka, ~- rrl,m intorcurrer1t ~on-tutercull')us inreotlon. Th11 romnlnine; 

,: 
~I,# cnit:1Rh we1·e socr1 riced et intervuls up to 14 months after infec• 

tion. The aubp lourel tub1.1rcles in th,, duatcd a11b1al:s were 1:10 n.oro num­

er:>ua than in 11on-duoted control• but a consider11ble nwr.lier wero towid 

in the depths ~r the lunt about foci or esheatosh. The tuborculoua .. 
co111pon&nt or t.J,1.1 oomLinod renotion showod only ■light local oxt«msion 

11bout leaiona i11 the lungs and traoheobronchial lymt>h nodes. Coaeation 

wu round in tulJerolea 1-1/2 months old, but by 5-1/2 mouths it had oom­

plotoly d1.aopp,,ured, lee.Ting only ■car tianue. f'oci or fibrosis still 

phraiatod in tJ1•> loat animal, whioh ..-as killed 1'1 months art.or infeot.lon. 

Reaction in Rabbit ■• Rabbit ■ exp01ed to the asbe1to1 duet for 

periods up to 19 mouths denloped a low-grade toreir;n-body tYPe of reac-
-1! 

tion but no tlbroaia. Although their lungs contRlnod particulate elomenta 

or the dust, fitiera were not present, 1nd1cat1nr; that the upper respira­

tory mechanism of' the rabbit. ia adequate to exclude tibroua foreign bodies. 

ho rabbi ta, after 1nhallng duat tor 8 az:id 19 month■, lhed in normal air 

f'or 11ore than t· .. 1:> year•. At autopay nei.thor ani111Dl 1howed any evidence 

or cellular r~n~tion or fibrosio in tho terminal bronchioles nor were 

tmlre any aabo:toaia bodlea. 

Roactiona in fihite Rat ■• All the rats had acquired an inteotion, re-

\ 
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eulti11~ 1n tho for,nnti->, .. , 1,ul1:io,1ary aboocusoa, Lofot•tJ thny ca:;:e t4l 

autl>p•y. A,,>r,ur·tilntly, so i::.uct 1, ~nvy 1r.uou ■ ob.3tructed th13lr ba·onch1 t.hat 

au <iccastoi:.al t.~bcst.o:.11 bod.) "&I dh.luver<;J but thc,re wa3 uo fibrol.il~ • 

Sur.v:uiry a,~.t Iritorpretet1 on or Inholat1oo Experiment with Xir.r;•" 

Fl-'attl Pust. '.'he findings ir, the experi.aumt •1th Xiui' 1 rlouta dust 01u1 

be B\D:i:.rlarized t:nder two head1n&•• 

A. f:tteo .. or th~ inhaled dust oo norn:al Animrla. T}1e Y.in~•• .floats 

duat caused a d!llracterlatic poribror.nhiolar fibroai.a in guinua pigs but 

not in rabbi ts cir ra.ts. The fibrosis did not 1ncro1L10 elf711 ricBntly 1n 

ox~nt nftttr U-::, dust ex~,o•ure -na dlac011tinued. 

"' B. Effcc'., or tha inhaled duot O!l tuborculoais in guhleo. pir;s. In 

iutnea pigs 1nJ'dctod with attenullted tubercle bacilli ond th..:n plCt.cod 1n 

the dust roos:1, U1e rosul ta wero 11oro vnr1o.ble thfll'I 1a u.aual in a.'l OX?erl­

mo.'lt or this t...-:,e. A tew flnlzr.ale showod no sign or 1>ro&reuion or the 
i! 

1nrtlct1on; in noat or thona there w,u erldeuco ot ta,nporar:, proc;roulun 

wlth aul,Ruquorit. he11lin6 ; in onu an1111al the t11bcrculouas· proceou rol!'.:iJned 

•ctivo to deat:,. In contrast, wbun guinea ;,ie;a, a.ttttr being infected, 

aro expoHd to \Juarta dus·t instead or asbestos du■t, th• lnfect'.oua pro­

cess co:,t1nuea to progros1 ar.d evontually causes the deo.th or t>io animals. 

On the other lu,wJ1 expo.:.uro ot lnrocted animals to a hurmlt1as <lust l4ko 

lr6n-oxide do.Ju not letd to any progression or tbo infoct1on02). Cuinea 

12. Vorwald, l~J., Pratt, P.c., tlurlan, T.n., Delahunt, A.n. and Bailey, 
D.A., S1,!eroal•. A lten1gn rn1tu1looonl011 ■ ,llm to the tnhrilation ot 
lroh Dust. lnduat. lied. and .;,urg • .!£.: 170, 1~60 
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-· pl:1 1nructoJ \,l1Ja ot.to .. u .. tJ,l tuburclo bacilli follo1,1lrjt Uao torruiuo­

t.lon or ttto yn.;rs' ex.,ocuro to 01be1to1 dud; ciid not dovolop proi;rooaiTO 

cH eueo. Tho only moditioation ot tho infection was in 1 ts local he Hou, 

a ro"M l,ac! 111 l;t,iue retoinod in the poril>ronchiolar J'ibrous tluuo 1111th 

tho !'onuatton .;;r tubercles t.hero in • :Jdl t1on to tho u1ruul tube.re lo is ba-

no~th tho plouru.. 

In view ot' tho variability in ruaults, tha, unuau11l naturo of tho 

ru,sponse and tl.,, hith proportion or deaths from int.orcurront pnti,moriia, 

it. 1• felt tha•· only tootative conoluaione aa to the ir.fluonce 01' aabes-

toe dust on t.h: CO\~Ue' or tuberculous infection aro juat.ifioL! by t.his \: 

experiment • 

Since haz; rdous dusts Uke qunrt.& aro a.oat el'f"cti vo ln t>roducir.~ 

fibroeia when •.J10 part1olea ore Z micron, and lcaa iu :iiso, e.n 1nhslat1ou 

ex~•riacnt •as ?ertorn:ed to determino whether thla co.-,di tion is true for 

asboetoe dust. It waa thought that n abort-fiber aobentos duet r.onsisting 

al:nost or:.tlrol:• of ru.ur• and particles srr.cllor than 3 t:1icr0?18 would 

initiat" en ac,.ulorated tisouo reoponse and pro,.luco r1u ucJvar1cod re~ct1011 

in a •horter t~~e the.n did the King•• tloat• dust, which contained tibera 

troa l 11Ull1ne·~ar to l micron and lo ■a in length H trall u much particu­

luto 1N1tter. 

11111Lerial ror thl ■ experimuit ••• tho remain■ ot tibar1 collected la dust . ' 

bin:s or an a1boatoa tabrlcat1ng plant atLe1· a carding Oi)eratlo:i and 
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ecroenod to pa:,e 200 mc> .. h. !line• the matorio.l oa rocel vad contained 

ma.ny loni tibt.i-s 1 it wno .. rO\.nd in • ateel ball mill to redufle practi• 

cally all the vartlclea to 3 oicrona or leua in aiie. ~hen ue~d al.on• 

in tho at11ndard <iusting machine, this finely-,rowid asbcntoe tended to 

ps-:ik in th• hnv:•or cud 1 t became necc.aaary to mix 0110 'Tolumc or th-, un­

tr">und l'!lllterlal. \\1th three volwnoa or the grounil to gar.en.to a ecth­

ta,:itory duat cloud. It ii P"rtinorlt to u.ention hi;re thut tho adciti:.,n or 

th,:, smRll quont.1 t-y ot un&rotmd aabuto, was unfort\Mato becau!lo it CO!".• 

fused tho lnter,1rotation oi' rosul te. 

The com?or.ltlon or'·tho ahort-rl'!ur oubostoa ns rectJived is dlsolosecl 

by the chol'll.10111 and petrographic analy ■ea ti nu ir, table a , and 3. !iun.­

pl,,a takvn bel'cre and after lrinding yielJed about th<i aa111c, value:, on 

rsr.~lya1s, indic. 1,ting that there ,u1s no co11t~minntio11 fror.1 U10 r.1111 or 
r, 

lo.so of .,,,ter c1Jr,tent. Tho du:st conc1Jotr11t.ion variocl duri11e; tli,1 exr,ori­

n,er,t, tho light-tleld oounta tor atmosphoric asmpha collectc,<l inside the 

11.Dimnl cages •i~h the impinger apparatus ranging from 03 million to 182 

mil11~. The ~verage or counts waa 130 million ror thd rirat yenr or tho 

experiment, lM million tor the second year and 140 million ror the third 

yellr. Hz.e-1'rt .. 1uor.cy moaauremcnte or air-floated dust froit: inoido tho 

ca1;e1 at a aagn \.ti cation or 1roox re-.ealed a great prepondure.nce or fine 

particles, nearly 90 per cent or the particles aeen being smaller than 3 
It.--.,.:; eslirr.ated tl,at opproxi.rr.utcly 1 pc.:r cent 

tnic:rona. 1.fipr1.i~cum.t:J?:4r:<£lq:mn.i:ctt. of thu dust was in ths tonn or fU>ers / 
! 

~rnatcr than 10 microns in le!lgth • 
•• 1 

Four apeoioa of animal• - gutnea pigs, white rata, cata and rabbits -

-were used in this experiment. The roaulta ot the duet expooure, aummnr­

hed in table 5, aro pro■ented ln grt'!thr data11 bolow. 
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p!B.ced in the duat room, lmt 21 or them "'ore later el\ :uinatod froru the 

o,-perlment and kllh~ beeouct' or enhrged cer'Tlcol lyut?h nod'9t1 thm1r,ht to 

be due to intflrcurrent uppe1r res;>iratory tr.reotlnn. or the oth~r 59 

anlmr-.lc, 46 ror~!?lr:c'1 in thft rluot roor1 ur.t.11 th,,:, u,ro urJr.r\flr.ed or ,Hod 

at periods up tu 31 11ionlhs u,d 13 animals w.,rl' trar11ferred to nor1tnl air 

Tha type of t1 :1oue roectlon to t.ha 1.r.l:o.led thort-ribor e!l!cston v,01 

e1uentl1llly th,- eM10 ,11, thnt alrr:arly oba.erve:'.! in the exr1crin . .::r:.t wi tli 

r.t.1g's flof4tn ,,.;l,o:,tos. •· Tha rnto or rract.jo,1 olsn ._.,,a upprcx1;:1nlt;ly the 

en ue, but the n:t\.e,4t or lnvol.vo:llont Tli th tho shorl-tit;er tluat Y.ao very 

of rcactio:-:, Tr.·tch ~cr.cr~lly rcr,ulrcd microscojlic ex~!:.l11ntion for- dct.ec-
~;' 

ti or., -r.ere pru,:•Jccrl in tho t,Jinca pl r a. 

Only artor OX!'Ot"llres hod continued for approx1r.ut.,1y one yr.ar ~s 

thare en appr.,deble tendency tor duct-cor.tntnln1, phae;or.yt01 to gethar 

into ~lum~-'s. J,y 15 months ph11&ooytc.:, had eollocted ohout tJ,u ,,1111 s or a 

re~ or the rcH•i•lrott>!"Y bronchioles wtth a little prolifero.tlon or inril-

1.rnti.on of mon• irnclenr oell a in these WRlls. The1·e werA also sor.io multi-

nucleated cell" but they -..ere ot th~ inert foreign-body ~?o. At 20 :.to• 

~4 months the cellular clwn~s were so~otlm~s quite mar~ed and aomett~~• 

oh~n~cs in the upithelium. resulted in the adenom&-lika or "adonomatoid" 

ap~earanee ( ti!-:. 5) pro'rioualy deacri bod tn the section renewing the 
~ 

oxperiJ!lent wi tl. the Kint:' a tloata duat. In anoat ot tho sub11oque11t members 

ot the aor1es1 the reaotlon remained cellular, but• few exhibited'pro-
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nouncod dovolo!>mont or f 1.°111 ,,ua tissue. Tn those few, tho colln~An 

we~ pale in color and tenunua with no her.Ty arwollon hyalinlzatt~. Pir­

tuse chronic pleurisy v:lthcut evi.<'!ence or pulnlooi.r-y lnrcct1ori ~on pre­

eellt in a row ,.n\n:r.ls. Th1.n nugi;c,sta thnt ~1cur1ay r.ir,y t,.-, a :iv~cific 

th\ s point. ~l.,1 1•.;&otior. in the tracheobronchhl ly111;,h noc!es 1.·i:.u more 

pr,,nouncod UJL.J' in \J1c previouM llxpodmcnt wl th t: ine;' c non.ts ~abcutoo• 

pr•lhllhly bf'leam;e of tho trnna?ortation nr more f1na par1.1clcu to the 

no•lea in c.11lrr.11ls ir.h~linc :.J,crt-fU,or nsbostos. 'l'ho nodr.1 re1.ction -Y:aa 

aerv1ttion or U.o t1rit;i1Jal eolla botwe1.on tho t."li(;lconed reticular f1bera.. 

posure to dust, !,ro!~reasion ot' di.aoaso wc.:s not det'i::ltul:,r dcr.1c:!.::tr&1tcd 

but nelther co11ld 1t 't:e absolutely t.llsproved, owi:lg to the varit&l:.Uily or 

th" rcrµonco in d1 fff;rent an1:nde~ The reaotior.s from mild t;o cever~ 

occurred sporadlcally and bore no relct1on~h1p to tho l~ncth or time af­

ter ceaeat1on ~r expceure. T~o dirterencee were attributed to vnrietion , 

ir. indhir!uel nua::eptlbility. Thh view rcccf:ved support. fro,:-. the chcn.t-

aUioa in lungn with widely dlttereat ar.10UIJl1 or thsuo ch.:..ntti. For 

exs~plc, the arh ~ud silica Talues wero quite et~llar for three an1~ols 

1n dust. 20 months and then in normal air ror 14 m,mths 1 yet the ti:s~ue 

rn!Jetion for one anll!'.nl wa1 ceTerea ror another, mild: and for tho third, 

··' 
only doubtful. 

the formation or asbestosis bodic ■ within both groups wae at t1rs"t 

extremely limited. Arter 5 Months' eq,osure only a vory raro 1hort body 

\ 

4 
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could be found, usually l.•~l de eel 11. !:ome or the firurnt lntrncf>llulsr 

perticloa were ~urrounded by y~llow depo$lts hnving th~ ao~e onlor er the 

ei;b-,etoah 'b,,dy. f·:r,-,ouure or one yenr had porn1 ttcd au necmmJlfltioD of 

eis.:,~ato911J l,odJ..Je. 1.rost or thfltse w'!rll atUl chert enough to bo r,ort1elly 

or f'ntirely ,within phar,ocytlc cells. By U1e 20th month aod 1h,re~ftar 

th,1y were reloli.vely numerous eltl,our,h stlll rnro h.J aoraparhon ~lth the 

rtndinr,~ in tho ~ing'e noate erperiw.ent • 

;.r,•1uuty-threo ;t.i tu rtit. a woro cApo ur.d to 

TDP tr.tler ot t.hn ,~:tporl·n,:nt st 1ens tro,,,,ent 1r,terval ,. Op to r. :-:1ontl:!'I U.o 

enmll encnmuht -l..or1:J or dust cells~ In a reir rntl!: at 10 rr.o:ith11, tbero 111i.s 

a !!ut;!)!'ltfon ,:,r e~rly rt?lroeta·l,ut the cl:anie w:in oo slle,M: t.h1\1: it ,.,r,,.1~ 

?r')l;Ably hRVE' l.,>d~ o·:erlor,l~ed 'Without the c:lur.1ri or du:;t cc,lli; v,htc:h 1it-

32 u:onths. In .:sch or !Jle1n the lunge ::bowen mi.riuto foc:1 or ll~ll-<lof1rlod 

t1hros1s d1etril,ute:i 11.ke th"t nr ao,-.,stodo l>ut without ubcnf.ol'i 15 bodiea. 

llisted or i,ntr.l,:·s DlO"..(" nlvflolor ttuctft ln ,,hicl\ thu Y1ulls or the Q[;,Sr.,-

C0t1r.oct1ve tiu.ue n,d Foot-fliehcbolfr.kt dlver propantior.a rcTeded coc-: 

plote loe:-: or c. r,! llary bod loc1,lly. ~utdde tbo r.oll'1ccn l'!t.s a tliin 
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layer ot opi th,,llnl col a. ~his did not roaombln the "adeno1natoid" 

ch11nie chnraott:rhtio ot' tulr.ea plr; aabc,atoah. Near the lesioria tl.s 

air space• were tillod with phagocyte• containing gray to yellow pnrti­

culote dust an,~ a rare, long, nnlced asbestos fiber. Carcrul search 

fulled to reve:il even a suegeation or an aabeotoaia body. Pleurisy w11a 

absent. 1'he tracheoLronchial nodea showed compact rocal collections of 

mo~ocytic cell~ at 12 months and, at 20 months, aome diffuao thickening 

or tho reticul,~m. Tn a tew rats tho re wae deflni te fibrosis alon~ tho 

iruu·gin• or the node and extending int,, the modlastinal aroolnr t1aaue. 

Result• 0f chemlc~l analyse• made Oil the white rats are iivon in 

table? and th~ a~erogo ~aluoa have been tabulatod in table A for com­

parhon with ai·1Ur1r valuoo f;;,r rat■ inhaling other dust.1' It will b• 

notod that tho valuoe for asbestos are lower than thoso .('or qunrtz or 

ch,,rt but apprn:dmnte thoee tor. the gypsum-quart& mixture, in v.hich ut­

mo~pberie a~tl~tinatlon tendod to reduce the anount or duat inhaled. 

Thia condition ~revailod eTon though the atmospheric eonoentrntion ot aa­
t9.at 

b~stos dust w&s essentially the aame as/for the quartz, wna one-halt 

that for the gn>sur.-quart, rAixture, and was one-fifth that for the rer­

l"ll;;inoua chert. Since the valuea tor ube11toa nre lo~ it might be in• 

t•rred that tho total quantity ot that dust actually 1nhalud was ama.ll 

or that l t had heen •l1111inated trom or dlnolved within the lungs. 1-:n1u-

1.tion or those pouU:.illties la not teaaible on tho b,uia ot the obaer­

Ya1.ions derh·ed trom thia study. 
~-' 

Reaction ln Cata. Twenty oats were used in thia inhalation experi-

111e1,t w1 th tho 1hort-tiber aabe1to1. 1:1ghteen were kept in tbt dust room 
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coll tlnuou!!ly, until 1n0111, .• ed, tho exposuro period ron~inr, from one 

month to noarly 54 months. Tho other two were.re:noved to normal air 

artor a duot e,.;,osuro or 31 1r.onths1 0:1• or those was cacriflcitd 6 months, 

11?,11 the other ,:-1 montho, later. Tn g,1neral, the ti a sue rosponso was con­

f111ed to micro~copic foci or fibros1 a in tho wall 11 ot group• or eubpleural 

e\-veoll, rathor t.hrin ln the poribronchiolar l\reu1. In ono animal the 

ch'ltlCC> \raa extcnstvo enough to be 'Tisual~:cd on trou inapect.1 on or the 

1o~tion. Only in the anical with tho lonecst expoaure~-54 monthe_,.-did 

tho X-roy rcver,l dofinitely abnormal ahado-r11. Arter 30 months the pic­

ture waa netatlveJ after 45 months, a faint mottlini coulrl be detected 

throughout both lungs. At autopsy, 9 monthil later., t.here was only mlcro­

■01Jplo tibro ■in in tho eubphw-al Jon• plus hee.vy lymphocytic lntiltn­

tion about small bronchioles. !flbesto11s bodies were raro. On prolon~od 

Hiirch a tew y .. Uow atypicnl bodies, smooth and without hnustratlons, 

11t,ro found in ·t.l'fo animal• e::xpoaed tor more than o year. 

f<eaction in lh1.bhi ts. Elc;ht rabbi ts wero exposed to dust for periods 

extending from one to more than tiTe years, tho ln1t animal wea removed 

tram the du11t rnor.i anc.J left in no:nl'.al air 6 months before being eacrifioed. 

There waa novt:1· enough pulmonary tibrode to bo detected grouly and there 

•a• no chronic adhesive pleuriq. Mior010opic oTidenc• or alnolar wall 

thickening waa r1rat detected in ono animal after about 3 yoars of expo­

•ure and •a• aoc.n in all- ti ve animals examined theroarter, including the 

an, removed to nor,,al au-. One animD.l, that died or paralysis after nearly 

to~r years ot ~xpoaure, •xhi~ited a reaction Tisible on gro1a in•?eotion 
' 

or tiuuo eecttoris. 'lhe pouibllity )f pulmonary 1ntect1on in this 
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- anlr.nal could not. bo oxol 11,1 ·I. In anothor nnimnl dying t.wo yuura lnter 

the tocal fibros1a wos not n~nrly as obvious or•• advanced. Aroaa or 

inTolvement, which were lar&ely visualiaed because ot phagocytic reac­

ti,:>n •1 thin the o.1 r epaene, 'landed mieroecoplcnlly to become more tl• 

br,ma with the ?Oa:ie.c,e or tiu-.e but there was noTer much ericrc.achment 

up,:>n tho lumen er nlr spac~• and the arch! tecture ot tho lung ~as pre­

served. Asbestosis boc!iea 1u•,re not detected in rabbi ta that died early 

in the exporimt!nt, but were seen in all animals that hcd be(ln expoaed 

to the dust tor· more than three years. 

SW".fflnry a1:J Interi1retotlon or Inhalation F.xperirr.cnt with ~ihort-!'1ber 

Ar.bestos Dust. The original purpoae or the exporimont waa to evaluato 

th1 rolo or short l\oboatoa fibors in the pethogenesla or asboat.oats. It 

111a! felt alco 'lliut if the t\.aaue reaction to ahort-riber asb,u,toa were 

more rapid and more extensive than to K1ng'a floats thoro would thon be 

ba:sla for bel1c·1in& t.hnt the action ot ubeatoa h 1n part, at least, a 

chemical one o~ postulated tor quartz. Thia experiment, in thich the tla­

au~ roaction w~a alo~er and leas extenaive than that in the previous 

er.i)eriment with Kine;'• float:, dust, 1ndioatea that tho capacity of in­

haled asbeatoa fiber■ to produoe tibro•i• 1• determined primarily by fac­

to~, not chemical in nature. 

Ot thft tour 11pecie1 exposed 1n thi II experimont only the cuinea pig 

and to • leaser oxtent U1e whito r11t responded w! th ch11ra.oterhttc pE:ri-

~ 

bronchiola.r fihroaie. The cat reaoted with atypical aubpleural fibroaia 

an,I th• rabbit r.rith only ■light parenchymal tibrod ■• 
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Ia the inhdation exporlment with abort-fiber a■beatoa dust a BlI:all 

qu~ntity o, unr,roW1d ehort-tibor acbcato ■ ••• mixed with the ball-~illed 

l)r:>duct in ordtir to e;-,u~rate a e:uitllble dust oloud. \~hen that ox?eriment 

foiled to proJuce an acoelerr.ted tl ■ nue reaction, iJl compariaon 't.lth the 

rouL;onee i.nit.inted by Iin&'• tloata, it becamo a2pare11t. that the b1olo­

g1 :al actiTlty or asbo,tos la not lncrfta1erl by reduction ln size or tho 

tiucra. Thua lhe vouibility arose that the thsue reaction o baorved wna 

du:, 1olely to the rol•t1.Tely tO\". lon& fiber• in the.. untround uobcatoa 

a.rd thnt tho ahort r1ber1 or a1beato1 had no moro thnn 11 nry inair;n1-

t1cant role in the ?roductlon ot a1bosto1io, a concept aot in accord with 

proTi.ous e:11verj m,mta concern int pr.c"LWoooniollis. Coneequently another 

in.,alntlon oxpc.rirumt was stortttJ in which only b11ll-ri:1.ll<"d asbc•to:s 11tAS 

Canpodti~.n end AtJ!loaphcrio Concentration of' the Ouat. The duat.1ng 

iruiterial wa1 tl1e b~ll-millcd ahort-rlber aabeatoa usod in tho previous 

1r,halatton OXf,nrin1ont but une;ro\md matorlal was not mi.xod with it. Owing 

(.o tho tondency or the material to ronn 8111Ull 1pherulc1 which prevented 

■uob or the t1~,roua portion trom noat1ng out or the dusting lftachlr.o, the 

diDperaal ot tlte du1t waa not entirely ■attataotory. Theretore, attcr nn 

in1 tlal 7 mcntl11J of operation, sted wire brushes were attached to the 

inaide eurfaco of tho hOp?er and to tl10 rotatinc paddle to diuintcgrate .. , . 
tha epherule• ,,nd reloo•• tho tibera. This arrangement gave 1athtactory 

reaulta and wan u•ed tor tho re,nainlnt 21 m~ntha ot the exper1mont. The 
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c:01npoai tion of t.hn rn" 1 e, 11t.oo uac,d la shown in tahl.,e 2 antl 5. 

Petrographic ar,d X-ray cth'frr ction exn1nlnetion or atznoapheric: dust, 

collected 1n the dust rooc with BD electrostatic prncipitator etter the 

1nutullat1on or wire bruuhe", indicated thnt nhout 15 per ct1nt or the 

o! r-cusponded ~nteriel wo.e cl-,rysotilc. nnd about 60 per cont1 ei,rpcntineJ 

or tho balance magnetite compr\1od 10 per cent, brucite 5 per cout, 

qo,rtz 2 per cc.!it and other mlnerala 10 per cent. Puring the 7-ir.onth 

period before t 1,e wtre bru11hc1 wero u:sed tho ehry::otUo content or the 

et.nospheric dur.t waa 1oru1•hat lower than lb per Ct'.lnt but rel1nblo val uea 

wore not. nbtl\h.od. •~110 dust co~centr11tion tor tho first 7 monthu ot the 

exteriment wa: nbout 100 million particles p•r cubic foot of air. J.f't¥r 

th,, wire bru11h,,1 lfflre 101tallod., the dust counta wero hi&her and tho ovor­

nl l nv.,roc;e !'01· the re1Uin1ng 21 months ,uo about 150 million. Sho-

r1· ::quer,cy stucltcs of at.monphoric duat oollocted ine1de the ar:ti:ial ca~oa ·-
rcna.l"d that r.~arly 99 por cont or the com~ononts euspenc!ed in the air 

could bo olasoiriod as clumps or particlea1 only about l to 1.5 por cent 

wa, tihers. 0!"'e-third to one-half or the fiber• were longer than 10 

:nicroua, ini:,1er.tinr.: o. concentration of loni; fthnrs of about o.a mJ.llion. 

i,.hout ?ne-ha Ir the cntirr.ated 
i111s fiiure 111 c1aRha.tf'xtlu-x%:cru:11pzixs.b1gx~alue or 1.4 1nlllion for the 

ah,rt-fibor ex,·,orinient. 

Guinea pies, rat1 and mice were u1ed in the inhalation experiment with 

th~ 100 per e~r.t. bnll-nillod ssbeatos dust. ,~e reeults are au.'!llllo.riierl 

1n tohle 9. 
I 

Reaction in Guinea 'Pigs. Th• experi111cmt wu started w11h lOb guinee. 

p1 gs. Aa the cl·.lat 01i.'<'sure proceeded, thore were m o.ecidentel deaths, 
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32 or theH bein~ duo tv l ·,.sumonia in &n epidemic. The Gl pica remain-

ing expo1ed to the dust were eacriticod at interTala during erpoaure, ex­

cept tor 16 ~utnea pigs tranr.re1Ted to normal air a.rter 28 months of du1ting • 

For tho flrat y~ar or exposure practinally tho only rcoction to tho dust 

wne the presence or 1cattored pha,;ocytoa and an occasional :minute asbea­

t.osi: bony. At 16 and 20 mor.tha no i,-oaa rea1,on1c w11s v1a1blo .' on thfl 

tissue eoction but microaco~icr.lly peribronchiolar roci or inflMl:llatory 

c6lls cnulJ be se~n. At 24 ~onths (rlg. 10} th~re wao still no change 

lnrt• enough to he ac,en with a band lnns althouih microscopic oxnmlna-
•· 

t1,m revf'lnled < -,llulnr accumulations :ibout terr..inal bror.chlol"a nn,i 1:111ny 

more e.sbe ■toei~ bo,ties, cbietly within oella. The ~un&• or anim.'1111 ex­

posed tor the full dusting period or 28 mo?:tha a."l.d atterwarda living in 

nonno.l air ror 2 months reveeled the changos de11cribod abovo nnd 11lnn very 

alight pedbro:--chlolar fibrosis. F'or oxposed anlrr.ala lhinr. A mocths in 

normal a1 r tho finding a were similar but at 12 months S ot 4 al'linals 

ahoW9d groasly-viaible charaateriatic peribronchiolor tihroftia '"1th 

adonomatoid chnnge (fir.. 11). 

The tre.cht.obronchial nodes were euentblly ner.ntlvt> until expoauro 

hail beon continued tor more than a. year and a hnlr. ,mimnls aner1f1ced 

at 12 months ud at 16 mocths reveahd a tew mln11t4' collectlone or phl\tp­

oytee contalninr. parttolee but praotically no tibftr ■ hrt" enou[h•~ tn be 

reoognlr.ed •• r•,ch. Atter 20 111ontha of exposure 1nany monocytu rilled 

~:,h rellow grnnules were present. At W months there hftd been ft ulitht. 

iDcrea ■e 1n reticulum but no fibrosis. !lo f'urther changes occurre.d in 

thu nodes. A1besto1l1 bodies were not. 1een in the nodes ot any or the 

guinea pir,a. 
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Minute aa\ii,atoalo 1.0.11 JI 11ero obnorvod in the lungs as early a1 

3 1nonth1 artor expoeure began but they did not beoome numerou1 until 

16 month• hBd elap1ed. Tho bodie1 were 1hort and practioally all were 

intracellular ~ltl1ouih et 20 months aorn• were long ODOU&h to ~roject 

bofond the coll borders. It 11 important to note that 1n th~ lctftr 

months ot expo:.rnrc tho re "'" 1 a dir:t1r.ct increaee 1n the nwr.l::l'!r ot lonr, 

r1·:-:ers, up to 111 r.:ic-rons ir. lent;th, in the lu~gs with the fornetlon or 
ch3recterlstlc lon~ osheetosi~ bodies. 

Chemiccl t.i11tlyeel'I (tablo 10) or the lungP r"'v"al that cnneidftrfthh 
,, 

dust hod been ret~ir.ed in th~ lungs. Arter 24 ~ontha or cor.tinuous expo-

sure tho eTorer.~ Yalue tor tetal 11llca, p~r cent or ash, was 25.37. 

Thto ehould be c~ntrosted with the avera~e nlue of l4.S4 (table 6) tor 

cu1 l~l a u:poaeri 24 r.ionths to the 1hort-rib'1r aeheutos duot. 

Tn vie• of the hi&h values for eilicn obtnined for th~ Mimnln '!Tith 

exposure to thn 100 per cent ball-n1.lhtd duet, it h 1:m,:,ortnnt tn note 

that ttlftir pulr~nery response•• much lees thftn that 1~ nn1nr.1~ expooed 

tor 24 0o!"ths tn the short-fiber u'butos. Thia again lnd1cntce th:,.t the 

blolo;:1enl nct1 vi. ty or ,uhosto1 1nhnhri into t.h,, lnnr; 1 s nnt ineret>s"d l,y 

a reduction in et te or tho fibers. 

Reaction 1n ~bite Rats and Mice. In thi ■ experiment 40 rats were 

ezpoaed tor perloda up to 20 months and 24 mlce tor porioda up to 12 

months. ~either apeciei developed even a suigeation or aabcatoal3 and 
.. , . 

reaction waa limited to phagocytoa11 or inhaled particles by widely-

aoattered duat cells Wlh1ch r<•mained tree ln air ■paces or were transported 
' 
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ta tho t.recht't>hronchlal 1,. lh nodea. 'No osbostol'lla bodies v,ore found 

1n tho rate but tn tho mi~o th~r• were a vory f~w Bl'\all non-haustrated 

form• within plingucytea. 

3ummary and Interpretation of' Inhalation F.xperlr.cnt with 100 'Per 

Cent Ball-lfllllt.11 Asbestos Du,t. The tiuue roaction obsened in this •x-

perbaent waa not as intense •• that in the previous inveatigc.tion wt th 

1h,>rt-fiber asbeatos. 'i'he reaction •a• alower in developr11ont and less 

ex-:onaivo even though more dust accumulated in tho lungs. Since there 

wero tewer f'ibo,·a lontt;er than 3 micron• 1n the lll!lteriul used in thla o.i:-.. 
poi-iment, the ru1ult1 tend to con1'1nn the interpretation mado in the surn­

nia1-y or the 1hort-f1bcr experiment th11t the reaot1o!l 1D not primarlly 

chrnu1oal in nature, and to support the impre11ion that roduotion in size 

of asbe:,toa fil",(!T8 doos not increase the b1oloeical activity or ubt1sl.oi, 

lnl,aled into th:i lung. 

The findin1~ of long aabuotoeia bodies in aniN.la that had inhaled the 

ball-milled mA>t~rial 1• an example or the difficulty of completely elim­

inating long fiber• from a lnrGe volun~ or asbestos as required form 

1nt.alat1on oxpt:,·imout • 

In rogaru Lo progroasion or the tiaaue roac\ion atter remoTal ot th• 

animals trom du~t, which wa■ ob1er~ed in thi• exporimont but not in the 

othera, tho following intorprutation ta orrereda 'When tho reootlon is 

well·-devoloiJ•d ,,t thu toi·mination of expo11ure, tho contraction of the fi­

brQ<.is. tiec.uo ob1;ouree any pro~•aaion that nio.y havo occurred; in thh 

experi~ent• however, alnce the reaction obaerved wae leas mature,'ite aub­

■equer.t progrezJLJ •a• u1ore readily a:,;'r rent. 
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Sine• inhalation or ahort-tiber and or 100 por oont ball-inillod 

a!lh~ ■tos duat cttd not result in aocelerat1on ot the t1.uue reaotion in 

oc,n?arhon wi tlt that produced by King' 1 tlo:its, the hypotheail that ahort 

tihera or ft&be1to1 were of ~inor importance in tho etloloty or aebeato1l1 

wan givon adtiecl support and attention waa dirocted t.o the °'luw that the 

lo11g fibers wore of prla.ary Glgnificcnco in that etloloa. The King'• 

flt,ata ube■to ■ used in th«" first inhalation experiment h1Ld a raU,or low 

cor,'\.ent of tibn:u& ct}rysotUe and contained considerable sorpent.ini, and 

other 1mpur1 t1e ~-. Therot"ro, 1 t wne decided to conuuet a now inhala­

tion expe11:ient with a puror forna of chrysot1lo v.J ch l'fould be richer 

in long fiboru. 

Cnni~oo1t10•1 and AtMosph'!'tric Cononntriitlon or the Duet. n.e duoting; 

~atorial employ·Jd in thl ■ inveati~atlon wu obtained 1'rom an asbestos 

tabrioatin,:; pla1,t. San:plea or aeveral n.riati•• of long-t1ber aabosto• 

duat were fir• t submi tt.ed to the Saranaq Laboratory for oxaJnination and 

one or these, whloh wac low in magnetite and chromite and had a tibroua 

co~tent oetlutnd to be about 75 per cent, wna selected aa most suitable• 

Stul w1r• bruahe■, ta.toned to tho lne~d• surface ot the hopper and to 

tho rotating paddle,•• 1n tho preceding inhalation experiment, were used 

to open up the hundlea ot aabeatos and liberate more tibers into the 

atx.l::>sphere • 

~·' --e Jn composition ot tho long-riber asboatos used 1• indicated by the 

che111tcal and petrographic ualJH• giveo in tables Z and s. J.nalyeia of 

...... 
,l 
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,, afr-auaponJed , .. nterlal f .- .. ~ tho duet room dlacloaod that about 60 per 

cent or the long-fiber du•I. _.,u ohryaotile and about 20 per cent, ser­

pentine;•• already noted, the compo1ltion ot a similar air-floated ■&m­

plo or ball-mil led ahort-fibot" dust 1rna 15 per oent chryeotUo Md 60 per 

cent ecrper.tinc. The duet concentrnt!.on •• rei,ealod by in:pinger 1amples 

t•l.en inside th,, animal eace• waa nauch lower than th• conoentrat1on for 

tho expod.1r.onh \liith ahort-fiber or ball-mtlled duat. For tho first 

y•nr ot tho exp-uri1nont with long-fiber aaboatos the averRge of the light• 

fhld counts was 32 million pllrticlea per cubic foot or oir, for the 

t1oc.ond year, Ml millicn, for the third year, ~ million; and for tl1e 

rourt.h year, 4~ naillion. 1ne aiu-trcriuency ot atmoapherio eama>les or 

the long-riber n1bosto1 duet nnd ot the ball-~illed dust ia •holffl in 

t.ftble 11. noth uamplee woro collected with the electroatutic pr"clpita­

tor. It will h•:J noted thnt there wo.a tar more fibrous material in tho 
.... 

lo:,g-ribor dust. 

Guinea pig~, oats, rats and ■ice were amployed in thi• inhalation 

exper11113nt. 'J'ho reaul ta, auJ11Nrized in table 12, are described in r;rcater 

detail bolow • 

Reo.ction ill Ciuine11 P1ga. The ox;,erimout waa started •1th 100 guinea 

pig•. After ex~,011ure had been carried on tor a year, a severe epidemic 

ot pneumonia aroae in the dust room and about one-third ot the animals 

died or were killed. To .. T'eplace them, 38 'lftore guinea pig, were added to 

tho;aurviving gr?up. Biatolotioal e:u.mination revealed loalona in the 

lung• after 8 months ot exposure to duat, oonai1ting or cellular ~onneo­

the thaue abotit the terminal bronoh1.,le• ( fig. 12). At 12 months there 

werll9 adonomatoi<i chanr,ea in the adjaeo11t pa1·c.mchyr1111l arna1 anrl by the 

-29-
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161.h month ( tlg. 13) a ,;Ji'Jdte flbroli• wao present in these areas •• 

well a.a around the bronchiole•. The fibrou1 hlion could be seen 1:1&ero• 

acopicnlly at ~1 montha. Froi thia ti111a on the reaction increased in 

e11:ent and in tho muount ot oollRgon nnd by the 34th month, 1 t had ta11ned 

ou1; coneideral.>ly into the paronchy,:,a ( r1g. 14) • 'll1e lel10n1 were rather 

ahr(rply looalizod and the extonaion1 from dl.tferent bronchioles showed 

no tendency to ruee, even in animals expoaed tor tho mA:ximum period or 

3 )·ears. Al tho.Jr,h the intrapulmonary reaction 1omct11:101 reached the 

pl< ura, there l', .. !3 no involveuent or that membrane. Eir.phyaelJ\11 wa ■ not 
•· 

detected at a.ny point. Some thickening ot the lart;er bronchi with a 

ohronio lntluur.~tory inrlltration n■ revealed, hut it••• conaidored no 

more than would \•e produoed b-J a aimil ar •xpo1ure to any duat. 

In [Uinea p1go expoa~d to tho dust tor 20 montha and then removed to 

nonnal air, thor-e v.oa • markod tendency tor cellular inflorurnntory t.cQo­

tion to clear. Thia etteot, accompanied bJ' contraot1.on or the tibrou1 

tiuue, resul te,i in t. diminiehicg 11H at the tocal le lion■• ?Jone or 

the ■e animals, killed at ftr1ous period1 up to 14 month, at'ter e.xposure, 

revealed lealonrs a■ large as those in the group sacriticed at the end or 

the 20-month euosure period or thane in an1.inala •hich rema1ne~ in the 

duat rooa tor s,.ire than 3) month■• Fourteen month, af'ter duet ezpoaure 

ceased, the toc1 in ._ot the 6 remaining guinea pifB were so small that 

they were viaib)e only with a hand lens (ttg. is). 

Reaction in the group e:iq>osed tor 27 months and then tran aterred to 
~ 

a normal atmosphere •u quite eimilar to the reapon•~ in the 20-tll9Dth 

expolW"e animal11 mentioned above. Small toei were alway• Tilible cm g rosa 

lnapeotlon or •~otlone or all guinea plg• of the 27-month aeries, but in 

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
ACL Doc 13192 · Page 31 of 95

Published by AsbestosClaims.Law

asbestosclaims.law/library/13192/31

https://asbestosclaims.law/library/13192/31


CRMC-Motley1000-Subj-000632

.. -

• • 
(I 

• • • <11:► 
111 

• • • • 
II 

iso 1notanco wna thero ei,1.u,, .. ce or the re11ctlon. 

Reaction in the traoheobronoh1al l)'lnph undo• wa1 first 'Ylalblc at 

th8 third Month ot oxp01ure. Dy the 0th aonth, patche1 or oollular con­

ncc:tive t~asue 1,eian to appear in the medulla and by the 14th month 1110.t 

ot the node had boon roplaood by cel111lar eonnectho tilsue. Thh pic­

ture, 1rhich reeornblod that in oa.rly aiUco11I, peraillted to the end ot 

thn experiment. Somo aaimale, •• a variant, showed hoavy ahoeta ot dif• 

tune m.onocyte1 and large active giant· cell ■ but theJ·e was never any 

nec.ro11I or hynlino ronnatlon. The Sj)bdle-1'haped now cells 11i&re yellow­

iah ln color tn,l'll ti?)~ pigment granulo1 that stained tor iron. Ho fiber■ 

or a1be1tol11 boJ1ea were 1ee11 • 

Al though • obe1to1ia bodioa were found 1n the lung a■ early aa one 

1Lonth arter exp.-.11ure began, they were raro and hard to find. At 5 B\onthe 

more 1rere 'Yiaiblo, chiefly coiled in ■ide tiant cells, nnd at O month• 

many bodie1 wero tree in oonnective tissue. Thoy became fairly abundant 
; 

a• exposure con'~1nued although in 1ome later animal, the anbestosi1 b odiea 

were only mcder~tely numerou1. 

It 1a important to note trom &l'lalyeoe ot the lun&s (tahle 13) that 

ev,in tltou&h the tiuuo reaponse at any ginn period or timo was much 

groater in the ~uinea pig1 of thi• experiment than in tho•~ exposed to either 

ahort-tiber or hall-milled a1beatos, the amount or mineral matter in the 

Ren"ction in Cato. four cats inhaled tho long-fiber aabcatoe duet for 

pedoda ot 14, 25, 33 and 4% 110nth1, rHpectively, and were 1mmed:atel7 

aac:riticed. h·I.') other oata, attar being exposed to duet tor 18 months, 
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11 'fod in a norr.al a ll110111 n~• ., ror au addl tlonal 24 month:s. Expoeure tor 

14 month, wa ■ rmrflohut to produce cellular accumulation• or phogooytpa 

around terminal bronchiole• end periplaeral artorioloa togethur with com­

peut collect10r1c or ■lr.tilor cell ■ in the trachcobronchial lymph nodes. 

At th11t ti.me thoro v.ere no typical aahe ■toaia bctlieo, but l'llootl1, pointed, 

yBllow fiber■ ~ore aeen •ory rarely. With continued exposure, up to 42 

11\onths, roactio!l in the locatlcna notod progreueJ to the formation or 

cellular oonnec-tive tlasue whlch made well-defined ■heaths about the 

re11J:)iratory bronchlole• and arter1olea~ marked lymphoid hyp«n1>lnsia and 

lyt,pho1d inf'ili.i•fttion 1 ·01' bronchiolar "alls (tig. 16). Typicnl aobe1tosia 

bo,11•• were not formed althouth there wa ■ an ooca11onal t1.ber, amooth, 

yellow and pointed. Pleurhy ••• not preHnt. The roaotion waa similar 

10 location to that in the guinea p1&s, but tibroaia waa J!IUch •lower in 

de ,clopment. Uoontganograma or cat■ made after expo1ure periods ot 25, 

55 and 42 month::i, reapect1vel7, f'ailed to demonstrate evidence or pul­

monary patholoa. 

Reaction 1n Nata. Although 20 rata were placed in tho du.1 t room, 

many died trom lmeun.onia and were not suitable for atudy. Five animale, 

of which ono ""' oxpoaod tor 19 month• and tour for 25 month•, were tree 

from pulmonary infection and otter a baai ■ tor tentatln conclu•ion■• In 

tho 19-montha ar, tmal, the reaoti01\ wa■ juat beginn1.ng. All tour animals 

aooritioed at 2!> montha 11howed a well-marked peribronchiolar tibroei1,. 

At-!er a long 10:iroh only two m:u,.ll n.ooth asbesto:si ■ bodiea wore 1'01U1d 

in the 19-montha 1U2imal and none waa tound in the 25-mantha animal. 1bus, .. 
thu:se animal ■ Ei°l.hibited tibrooh withuut asboatoail bodies or 1'1broel:::s 

act:ompanieJ by only a very in!'rGQuent nebestoaia l:.ody. 
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Iloactlon in L'ice. J .. 1. ot 20 1'1'h1te mice used in this experiment, 11 

11 vcd a roar or Jnore in dust and died or wero sacriticlld wl thout ah owing 

e.n appreciable dor;ree or pulmonary infection. Thu reaction to tho in• 

hdod d'.lst .was limited to phaiocytoaltJ by 1nononucle11r colla. O'aually 

l!10:ic 111ere wlc!cly acatt.oreJ throuoi the air epaces; a l11uited nu~ber 'Ttore 

cr,>uped about the torminal b1t.1 nuhiolcs prouuc\nc aome thickening or their 

\'ltllls. There ,-,":"',S no augioeti,,n or tihroaia • 

tJrnnerous r,cboatosia bod1'1a wore observed in ODlna.ls killed late in 

Uu, expcrimout.. Thua, those Mi111nl• oxhlb1 ted aebestoaia bodies ,-1 thout 

tll>rosis. •· 

Summary and Interpretation ot Inhalation Exporiment with Lnng-fiber 

Asheatoa Dust. TI10 purpose or thh e.rperiznent was to o,raluato the lmpor­

t1111ce or long flbcr ■ in tho tluuo response to inhaled aaboatos. Tho 

rouulta, in conparilon with prertoua 1nveat1gat1ona1 indicate atronfly 

that long fiber~ are ohietly responsible tor aabe ■toaia. Thua, tho re­

action in guinea pie• deTeloped earlier and became more extensive in 

this e%periment. than in previous experimonta in apito cit a acmllor con­

centration or al..noe1:1hori0 duat and a lowor nineral contont or tho luni:i • 

Furthermore, a Lypical peribronchiolar t1bros1a was prod~oed 1n cats al­

tho1.14;h in a previous experiment w1 th ahort-t'iber duat peribronchlolar 

tll,roaia dld not donlop in this apooiea. 

The cause ur the oe1lula1· f'ibroda in the l,YL1p)l nodoa or tln cuiac,n 

pi(.a 1a not cle:1r. It. did not o::cur tn other inhalation exporimouts wl th 

aabeato ■• 
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Since the inhdation exporilllenta repor·ted abon atror.gly aur.c~•ted 

thut lonr;. tibera or asheat01 are the llitnlficont factor in the etioloa 

oi' anhosto■1,., a aeries or 1rijf!etlon oxpeirlmonta r.os irlaucurated 11hereln 

th., do11are and length nf' the tiber1 could ho controlled more precisely • 

Al10, by using controlled dn~at••, tho rel~tive OApacity or various Rs­

beetos minerah to prorluce reaction could 'be COJll{?ared. tu these 1njoc­

t1nn oxperiment! r.uinoa pige, r~bbita, rate 1111d dngs woro used and the 
•· tht- the 

rdnerol duet W11ll injected by tho 1ntratraohealt/intraporitonuBl ond/in-

tr,1vonou1 tech11 iquel, but not all the teohniquo• were usod ror each 

1pi,cies. For t~,e purpose ot simt'liN.cation the findings in each a"ries 

or teete, exce1:t for doge, han beon condenaed and reported in tables, 

to which roforE: ,ce wi 11 be made later• In tho cnso of do~s, only one 

,test was made find since the finding ■ were negative no detailed report ta 

1.nc,luded. 

EXP1-.1lil.!El-l"TS USj ,;a lln'HATHACICEAL TECRPitQtJB 

As the aol,,atos minerals do not cause R typical ~dvanced fibroata in 

extra•pulmonal")· tissue, the intratracheal toobn1que is the prftferred way 

or introducing f'ibrous duat _t,to the e:xperbentl\l animal. In this method 

tho dust au1~or;:,!on is 1njectod by monn• nr a Sr>ech.l naedle or cnthc>tcr 

de'1!) .into tho trac1'o", from •Mch it rJ.owa into the lun~s. 

I, 
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Cnmparhon or F1l,ro:..! ,.n,1 ?!on-f1brom1 T>u ■ta. To ,temonatrate 1.hnt 

't.he ab111 ty ot ubealoa to produoct fibronh ur.id'9a 1n 1 ta rt brC'ua 

cheractor, the tetries ct lnje,~tion npeirlll'ttnt.e re-pc-rted 1n t11ble 14 were 

r,urronned. The t.esh were 111e~o with unheatr.d lone-tibor chryoot1lo end 

11'ith chry11ot1le Lhat had been 1tnltcd to deetroy 1l11 flexible alructure 

or l1"1l-1111lled to reduco the lenr;th or t1'btir to 3 micron, and leiu,. .At 

the n11Jf\o Ume tcmtrol te11ts were mAdo •1th sorpentlno, which has tl1e 

■ n.T.o chc:dcal cc,::-pofli tion an c-hry10t1le but 11 non-Nbrou11. A rovlow or 

the f'indir.gs reveals that only the unheated lont-M.ber cbrysotilo pro­

duood typical p 1ribroncbiolar ribrolis and that .voune-ball-mllled material 

conta.inin~ only fiber• leu than S microna 11:l length tailed to cauao ti• 

thol r Cn[>aoity t-.> caue<' ■orioua tisaue dtnner,e. lgnltion produced lmpor­

trult chnnges ln the chry10tilo flbors, amonr. them boing lose or water, a11 

alteration tror:. a tlexibl• to a brittle •tructuro and possibly other 

oh,mgee. Exper-1,r.ental etudiea oonoer-ning thh ob■ervatioa will be reported ,t .. • .( 

in a ••porate vu~lioation. 

Co,~arhon nr Vnrtous Lon~-ftber '}usts. Some Ycry lntereetl.nt rind-

inge are dlsclor.od by the rosults or the expnrlmonts rucordod in table 15. 

First, all the long-t'tber aebcstos mtnorale teated, wlth the excoption ot 

anthophyllite, produced a typical f'tbro,,1s. Th~ 0?1aracteristlc peri­

brot1chiolar re11ction ceus~d by threa roprescntnt1. To lo11g-riber 11sbostr.s 

m1J?~tra_lo • chryn,lttlo, 11111oeite ond orocidolito - is ahoffl\ in tig"• 1'7, 20 

and 21. It h n,,t entirely oloar why anthophyllite behand ditferently 

tro~ the other •~beato• minerals. 
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_, Second, •1th tho mb-. ,· -1 brucl te, which 1 a not a silica ta but is a 

fibrous form ot m3e;noaium hydroxide, a charaotdriatio tlbros1a like that 

produced by the Gaboatos mineral• •a• obtained (tlg. 22). tince ~h• 

brucite uned co:,tained only 0.90 per cont ailica, as an impurity, it 1s 

obvious lhAt a dlicuous co0p011or.t 1• not an eesor.tl'al factor in tho 

do·,clopment of r.\sheat.oi.l•. 

n,ird, no fit,t·usir. reeult.od tl-cJJJ the inj1ictiou ot tlau wool fibers 

evur, there arc 1'ur1dwnontal d1fferencoa. A &lusa. 1',ool fil,r,r 3 micrcr..a .. 
in dlumeter h a aoliil rod/ ar:d, 1n uhort longtha, h tdrly r-i1;1d, whilt1 

an aabestoa tibor of the aamo dinmeler la a bundl• or extremely tine 

filaments -which impart to tho tiber a high degree ot tluib1llty. It 

would ooo~ that this otructuro ond thn aaaooiAted floxibility are l~por­

tOJ,t factor• govorninr, tho capacity or a 111lneral to prouuco pr,rlbronchio­

lar t1brosh. f;xperimental atud.iu concerning this obaenation l'dll be 

reported 1n • ~cparate publioaticm. 

Co:9e.rhon of I.r.int-Fiber and Short-fib or Du1ts. \'ti th 4u11rtz duat it 

ho.u been de:nonitroted that the amaller the par'liclo ■, tho more lnteuae h 

tho tiuue roa~ Lion, arid that thore ia 11 ttle reiaotion to par1.icle11 lar- . 

ger thaD 3 miorona in diameter. In the ea•• or aabeato ■, ho,iiover, the 

ro~1croo 11 true aml apparently only long t1bor11 hcvu IIIIY apei:iflc etfuct, 

da-(a or tAblc, 11, in •hich a aarfoa ur tuts "With fibrous minerals is 
.... 

re1,orted. nheo tho injected duet coneilted ot tibora 20 to 50 micron, 

loag, all the fibrouu irJ.ner&l:s teatod, except o.nthophylltte, 110 noted in 

-----·· ··-· 
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tliE. preceding a-~ction, r,1·1, i :cod a tlbroaisJ when tho mntor1al wao pro• 

pared by first grinding t.ho flbrou1 duut w,t11 tho bngth or ribnro waa 

roll11ced to 20 ~iorone o..nd leGs or, in aorno cal!loo, to S rclorona ttr,d loea, 

no1.o of tho inj ,clod dusts co.11sod rtb1·01ll. 
l't 

TheH r,;,suP.1 JU'fer fr:.ii. t.ho111S or Uni, et nt,0~) -.,,,_, rep?rt tho 

prc,chact.lo,1 ;,,f r:Jticuloels co::i.,arabl.s with the '-'xperimcntnl lillcot1c nod­

ul<, 111 r!lbl>lts 1·ocolving !!l01at~1l:,, 1nlr11.tnche!\l 1.cject\ons of 100 11'/:. or 

Rhc,Julnn aab\)etos fibora, 15 r:ilcrons lo,,r;, nnd tho r1roducti0n of ditru:io 

iDl.erat.1 tllll til.rods in rabbl ta a, ml hrl;, lnjocted -with ahnrt fibers, .. 
2.L mlcronis in lc:nith. r;c b"lieu th, s doae, eapMhlly in the long-term 

ra't-bi ts, i• highly oxcouho. In our ex,r1orLnenta tho d.:iango ns lcept low 

in order to mlnl:11ho uc tows.rd rc:set.ior.a whloh might. obEcure tho perlbron• 

chi ol.ar typo of fibro:.1 a which cho.ract,erhoo eorly hu'f,an aeba1tosta. 

EXrEI<WI.ti'l'!; u:n ::,; IN'mAVE?:ous TECIWIQL'E 

The experi·onta, 1ur.unari1ed 1n tnble 17, in which the intrnTenoua 

motl10d or injectioJ:A was omployed, ehcnr that the aaboatoa mineral a are to.r 

different from <Juertz in their action on thaue. It haa been repeatedly 

del"'onetratcd thut intravenoua injection ot quartz particle ■ 3 micron• and 

lees in diameter Will cau■e • typical tiaauo reaction with the develop• 

mffflt ot hyallni1ed rtbrotic le■lon■ ln extra-pulmonary 1ite1, such•• the 

liver and the •;;lecn. Aabeatos minoral•, howewr, on intravenou1 injec­

titn generally produce only an inert typo or reaction, as is revealed by , 
14 l ¼_.. :King, t.J., Cleg&, J.W. rmd Ro,, V.M.s Etfoct ot .Aabcsto:s, and ot 

Aabeetos ar,d Alu.min\11111 on L~s ot Rabbits. Thcrut la 188 (Sept.) 
19-IG. Abe~r. iu Tndust. Dy~. t-ige-at ll• !fo. ~54 (Feb.) 1947. 

I 
I' 
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lhc., rc,aults &1'.lc·n in 1.hu Li.lo. 111., rcuaon fur the, eorly Jouthu in 1.he 

u.icrimont wi1.h chrysot.llei pru-llclou 11 not. clol\r • 

EXPER IJ.:F.),"TS. us1:;o Uc'TRAPE'RITO!J:AL TEC!{NIQUE 

JJ1.:1 uo oru give:.i in 1.ahle lU. It. will be notod that the lnng-ribur di.1:.ts 

produced tl rn,1·01.1:1 roactiou while duat!f 00:-t;10:l\ld ur .,artit:lc.:a 3 1:1ic1·1)ua 

anJ \0:1:, in ul~o cnusud only '-'ll lue1rt typo of rellJonuu. ThencJ ox~>ori::iuuta 

inoionto aho 1.!,at ti,v fibrosia lnititLted b;r tho irritation or usbutoa ,. 
flcora is uot 1·ostdcted to tho lun~:1, ao "Wna rormorly nsswr.od, but ann 

bu i>roduced in tho por L toneum as well. 

A ~ur.ibor o! odditional expertments were conducted to throw more light 

on epecitlc pha5oa or tile aabo1tosi1 rroblem. 

PROT::cTiv:-: ACTio :1 01;- AL!..'?.II NU!J COll?OU?ltS 

Intratroch-:,P.l injection into a aories or rnta or a au:iponalor. ot long­

fiber chrysotll~ to which aolloidal alunrl.nu:n hydroxide hAd boen addod 

ro-,rinled that tho addl tlon or the alurdnwa compound did not prcvnnt the 

tlasue lrrltatln:1 pn,duced by chr;ye9t1l•r.. ,lr anything, the acuto intlnm­

utory roa~on•e to the 1.njectnl1 nbrous 11lneral waa accelerated. One 
··' . 

month after the laat injection ot t>-.• duat ■u1pen■lon the bronchiol~tl■ 

-waa becoming tlbrou■• ling and his auociatH also round that aluminnm 
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tailed to protect pulmon.11 tlsaue from the irritation cauaod by aebes-
14 

to■ tibera(tt), in their exporiments ~etallic aluminum instead ot the 

hydroxide was U¥ed. 

FOF.llATio:1 OF At.~1r.STOSIS DrJrIBS 

The iron in tho coatin, ot the aebeatoai, body appears to be derived 

trC1m blood or tissue elemont1 end not, u ha• been suggested, from the 

mirieral tlber. Folloring suboutaneoue 1.njoction ot two kb1da or chryao­

tile into the groin ot guinea pig• - one kind containing 2 per cent and 
•· 

th~ other 0.2 por cent Fe203 • the aabe1to1i1 bodies were equally numer­

oue at both 1itea ot injootion and ahowed no ditterence in their reaction 

to Pruadan blue, the retagent 'llfhioh atain1 iron. Thia finding 1 ■ in 

ai:reoment with that ot Giroux(4i) • 

TIZSl1E REACTIOf; TO ASBESTOSIS BODIES 

Intratrao~,al injection into guinea pig• or a1be1toai1 bodies re­

covered from hwr~n lun~ tie1ue talled to produce a tibrou• roaction. The 

1:1.aterial tor injection wao obtai11ed by digesting wl th eodilL'll hypochlori te 

solution the lung t1asuo 1·e111oved at autop1y trom nn asbestos ,.,orker. The 

a1be1to1ia bod!ea could bo•1eon in the gulnoa pigs tor at least a year 

atter 1njeot1an. Thia ex.,erlmont ahowa that the aabeetoeie body hae a 

rat.her re111tant coating ~hich 1• not deatroyed by moderate hypochlorite 

truatmeot• lrhicb may be maintained in Tivo tor a yoar or lonier and which 
,.I • 

Girouz, 11., 
D'Amiante". 

kniantoae ezper1men1aloa Valeur Pathoe;nomonique du •corps 
Laval Undioel !• 23S 1 1943. 
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render1 the fib,,r incapa',l ..i or producing fibroala. It thus appears 

that the coating is a proteoti vo r.techanimn. Thie thought 1'D8 expressed 
IG, 

by Beintlcer a■ uqrly a■ 1934(!6). 

T H ],: 0 n Y O F' ! R R I 'J' A N ·r A C T I O H 

Two hypotl1ri:1e1 havo been proposed to explain the tiuue irritation 

and reaction caused by aabeotoa N.bern1 the che11,1cal e.nd tho 11:achenical. 

In the chomicel theory, which h based upon experience with quarts, it 1 ■ 

aarW!led that th., aab•~ioa mlnorah dheolve in the uody t'luid■ a.nd that 

in thi ■ proceat their base ■ are leached away to leaTo 1111ca in a form 

cafablo ot irritating tl11uea. According to thi ■ hypothee1e a1be1to1i1 

wo~ld be meroly nn indirect ailiooein. Sev~ral tacts nu:i~e tho chemical 

th~ory untenable,; intutrnc:hoal injection; or bruc1 te filJdrs, ,mich had 

a 8il1ca content of only_ 0.90~per cont, caused a typicnl t1bros1• like thnt 

' produced by the a•be1to1 mineralea troe-1111ca particle, inoruaee in po-

te1:cy aa the E&rticle 11H bocOJll8a leu, but ubeatos tibere shorter than 

about 10 to 20 11doron1 are relatlTely innocuo1111 aluminum hydroxide neu­

trd hes tho lrri ta ting ettect ot quarts but not of aabostos; serpentine 

hes the 1ame cheMical campoaition •• long-fiber ohry■otile but it pro­

duced only an inert type or tiuue re'-lction J there h a wide range in the 

chemical compoe1tion -of' the mineral■ which tfo caua(! nsbe1toei1 (tnblo lll). 

In Tiew or this o-rldence it aoeme more likely that asbeetoa1• is caused 

~ 
by aa· unuaual ,u·chanical irritation from lont aubcetoa f't.bera, this 

IG 
-1-5. Bointl'.er, !;., Uber die J.abo1to1i altorporol:.en. Bmerkwigen iu d.er 

Arbeit von lleier. Virohowa Arch. r. pn.th. Anat. ~• 621, 1934. 
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.., irrit11l1on bein'..~ rel~ted l:, the poeulhr rllamenteJ etructuro or the 

fiber and the oosooiated r1exibllity, which oro posse11e~ by ~o other 

foreign body 1tudied. Thue, -L011tion ot ohryeotile tiber ■ ohnn~ed their 

structure and 11"1;:ide the,n inort alt.hough the same fibern, before being 

hoc.ted, produced fihrosh { ta,,lo 14) • further support for tle theory of 

mechanical irrlht1on 11 thot 1ubostoall oecura in an organ or high mo­

bility - the lu.11g - and that a tibroua reaction can be produced by ic­

joc tion or aebcstoo fibers into th8 poritonewn, where there 1• aleo a 

det;reo ot mobil.ity, but not in othor axtra-pulmonary ore;an1 auch as the 

11 \'er, spleen o:1d subcutaneous tle ■ue. 

C0l.!PLIC.Al'l018 

The experi.1iental inveat1i;ations with asbestos minor:'lla ..-ere coc­

~orned primarily with tho orrect ot the duet on nonnal tt.asuo but some 

attention was clvon to other pha101, ■uch a■ 1u1ceptibility to intection • 

The only experi~ent in which the ettect ot a,b~atoa dust on a pulmonary 

inf'octlon wa■ eLudied waa the first inhalation exporimcnt, carried on Tdth 

King' ■ floats d,1st. lt i ■ uotortunato that, owing to the leek of adequate 

tacilitlea at that time, infection ■tudie• could not be 1nede in the other 

inhalation •Jq>crlinenta al■o. 

Suscept1b1 U ty to Tuberc'llou■ !nfeotion. Tho devolopment or a tuber­

culous process initiated at the begiM1nt ot expouure to dust, and alao 
•. t . 

ot a tuberculoud infection ■uper1mpoaod upon an e ■tabliahed a1boato1i1, 

n• deacribed in preceding nction■ ot this paper. It may be stated that 

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
ACL Doc 13192 · Page 42 of 95

Published by AsbestosClaims.Law

asbestosclaims.law/library/13192/42

https://asbestosclaims.law/library/13192/42


CRMC-Motley1000-Subj-000643

-U 
~ 

[~ 
. 

a 
. 

II 
. 

II 

~ 

Ii 

• • ,~ 
• • 
II 
II 
II 
II ,. 

J 
aaL«1ato1, -.hon claoa1f1e,1 • i;.=ordlng to the effeot or a duat 011 tuber­

culou1 1nrecti01,, would be pluced below an active duat like quarts but 

above an inert c.lu1t, auch as iron oxide. In a.'limal1 infected with atten­

uated tuberole l,acl lli, quartr. cnuaes the inrectioua process to progresa 

until the anil"..al die• or tubo1·culoa1 ■• Inert duata have no etrect on 

the infection and the lo1lon ■ usually heal nnd the d1aeaio disappears • 

Aabeatoa dust 1a in a difteror!t catet;ory. In tho experimental 1nveet1-

tation, when the tihrou■ duet •u being inhnled dur1Xlg the evolution ot 

tho inteotion, thore w11e a 1proading ct tho tuborculoua proceH tor a 

time but uauall~,· tho •~imulus tor cont~nued proUteration or the tubercle 

bacilli was not uuatained, the progreaaion ••• arreated and healing fol­

lowed. In guin,,a pigs infected with nttenuated tubercle bacilli art.er 

com?letion or elichtly more than two years or exposuro to asbestos dust, 

prot;reaaive dia(:11se did not develop. The only modific&tion or the infec­

tion was one or looalhat1on, ·a rn bacilli being retained in the tibrou• 

' ten"linal bronohlolea and forming ~berolea there in addition to the usual 

focl beneath tho pleura. Such tubercle• healed ln a tew months • 

Susooptlbillty to Non-tuberculoua Infection. Thero was no 1peciflc 

experiment ooncorning the ettect ot inhaled aaboatoe duat on non-tuberculou• 

1ntcot1on. Int~rcurrent pneumonia among ani.mala expoaed to asbe1tos dust 

was rather comco.-i 7 the frequency in g11inea pi&• exposed in the tour in­

halation exper1centa rlA?lging from 16 to :!B per cent. Thia incidontal ovi-
.. ; . 

donoe auge:eata ttie poasibUi ty or an ertect of' aaboatos duat on non-tuber-

culou• 1nteotlon. Me-.ortheleu, ■inoe woh epidemic• are not uncOftlllOD 

-~--~---. -=.::::_-::_·:.c,c= _______ ----
$ ¥ 2t1 faJtt-.... _ %.z' _ <z: -:,.~ ~ ea.. , ___ ...... -.!fr--c, 
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1.n inhalation e{i,er1111ent~ . l th other dunta and ev,m in lhu colony ot 

norr:al tiniD'.all, it 11 tolt U1ut the Inhalation or aebe ■ tos dust does not 

exert a 21gn1t1r.nnt effect on tho 1u1ceptibility to non-tuberoulou■ 

pul~onnry infection • 

D I S C U S S I O ?I A ?I D S t1 !af !.1 A R Y 

0-.dng to t':1e vast amount or data !noluded in this investigation, 1 t 

sec~• moet conv~nlent to s,unnnrize anJ to state as oon~taely na possible , . 

the various ob:nrvationa which omergerl tram the experimonts ar.d to fol­

low each w1 th a brier reSUJDo' or the evidence. 

A. Various spe~iea or nnimalo, including the guinea pig, the rat and 
the rabbit, but not the mouaf', and the do~;dovelop perlbronchiolar 
tibronis of the lun& similar to human asbeatosla, followi.ng tho in­
halation or tho intratracheal injection ot loni chryantile uhoatos 
N.bere. 

Both inhalation and injection exparimont ■ provide ample ■upport 

tor this ttatement. Ficuro 14 reveals the cellular flbr01i1 that 

follows inhrilation or lonr,-tiber ubo11t01 by tuinea pigsJ tig. 16 

show■ the tlbroeis in the cftt eau•ed by inhalation or long-fiber 

a1be1to1 duut. Similar but le11 extensive tibro1l1 occurred also 

ln rata and rabbits (table 1). V1oe and dog■ tailed to respond. 

Thia Tariatlon 1n re1pon ■ft or dltterent 1pecie1 to 1d~ntical dust 

expo ■ure• ts still tu be ncoounted tor • 

B. Long aabeatoa fib•r• are e1eential in the production or tile peri• 
bronchi~ftbroaiaa llhort tlber ■ are incapable or producing thi ■ 
reaction. -

Inhali.:tlon experi111ent1 with ,ube1to11 dust 11ni;goat and intra-

\.. 
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lrnchulll lujoc tl on c.. .c, •. 1·1aiect a co11f1 rm thn t. '1uri \.Jror:chlolRr 

ti'bro1h t& pa·oducrd Ly ncbo11tos rn,ora between 20 and 50 r:ilcr01111 

in lon&th, hut not by particles 1horter than 20 mior<lllll ( tabloa 16 

a~ 18). · ~1,ia indicate• that tJie minimum length or fiber poaaeu-

1Dg tho capt\city to produce tho typical perlbronohiolar tibrosh 

111 animals 1s s~"here botween 20 a.nd fl.) mioronas. rointed studle11 

havo not bean cnrrled out to doterllline the up~er limit of orroc­

tho fiber li:ntth• It ap,t>earo, however, that t.hst liniit will bo 

detonnlnod l,y the inhalabtli ty or the fiber. 

,. 
c. Tho mode of action ot the long aehoetoe tlber in the production ot 

asbestoai ■ h priz:,.arily m:ichanical rather than chemical in nature. 

The evidenoe tor thla ooncluaion ha• been reviewed in a pre­
.,; r,, 
c.tl!ir.i aeclton, pP.p;e 40. The flexible fllar.1cntod structure or as­_,. 
beetoa tibc·,·s play■ an es ■ential part in the irrito.ting action, 

since the solid inflexible nbera or gla•• wool do not produoe 

fibro•l• (rig. 23). 

-~ 
D. TtFlcal experimental asbeatosia •aa produced by the inhalation ot 

an at.moRpherlc auspenelon containing an average or 1:58 million 
cebeatos perticle• per cubic root or air by light-field count, or 
wh1ch leas thrm l per ~ont consisted or tibers longer thm 10 
micron•. 

In th~ inhalation experiment with 100 per cent ball-n!llled as­

bestos duet contain int o. S por cent or fibers longer than 10 micron 1 

(table 11), a typical f1bros1s was obtainod (table 9). The evidence 

··' presented sl1owa at lea at that an otmospheric concentration ot aaboa­

to1 duat containing lou than 1 million C o.6% x 138 a1111on) tlbers, 
~ ' 

n 
\ 

.• Al,. 

longer than 10 microns, per cubic root or air 1• capable ot producing 

.... •', 
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COJiC1.1ntraUor. of long fl't,,;.,ri, ncceal.t.ry t.o IJroductt ai;bn11t0Cf1.~ in 

nz1i111C.lr: caur.ot. be e.stabli;;hod trc:-J thoso atudiua. 

... 
E. 11ie durbt.ic.;; ot exposure requi1·od to develop the pulmonary re,action 

to inhale..! l!Slt s1..oo duet. in lnvt1r11ely pt"oportionn.l to the concen­
tratlon or lon~ fibers in tho otmoaphere, viz., aa the concentr•tion 
ia incrccuu.,,!, tho ruaction dovelopa in shurte1· tlr.e. 

'1110 l. 0 11 :;1.11 for thl o etuter:ent apponr a in tho dn. t11 0 f thn in­

liu l ati on e1 ,>criuunt wi.tla lor g-rihor oaheetca. For thnt cxpurh:ont 

lhc ovcru.~L. 1;or1contratlon or tho nba1oophnric duot w.a about ~O 

ndllion 1:e1 ticl ~s pdr cubic t"ot>t or nir encl 11zo-fre<1uency dot&r­

cinat1or.11 dl. ecloeed that G. 7 per cent or tl10 air-suaponded materiel 

consisted or tibera lonier than 10 microns (table 11). n\u•, by 

·~j.culatior. it 1s ostln.at.c,d U,at tho concentration nr the longer 

--fibers wa.a 2.7 ~1llion (G.7;: x '[hnllllo..'"l). Tho lm,gs ot animals 

e~oaod to t.!,e long-tlber aabeatos dust rewflled tlult the pubonory 

reaction devoloped in approximately one-halt the ex?osure time 

I :~quired fer 1 ta deTelopmant in aniJr.ah inhaling the ball-milled 

~duot, !\w '\tvhlch tho coucontratlon or the tonier ribors wu only 

I o.e :ii.11110,;, ( o.s;.: x 138 1111llion) • 

F. E ■ tabliaheJ ex~•rinental asbeatoata oense, to progre1s on dtaoontin­
uing expoauro to duat. 

'l·he c-xperin;e1~t11l 1rivcst1gat1.on ahows, ln fact, that on dla­

~ 
·· continuing f!X?~•ure there wa II an op?reciable eleariug ot the mature 

pulmonary lo ■iona, due to eontraotlon ot the tibrotic reaction. ln 

contrae;t, e.n lr:une.ture tiuuo resp,,nse consisting prb1u-Uy ot cell• 

r.t ....... ,:·.( 
- I 

;. . : It .1 
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\J1at. fc:,llo\':lr:6 u.ttt..inu:mt or f1\,rot.ic oui.t.ur1t.y, t.he a:unc &>Tnce:;a 

ot cor.t.racC.on woulc.1 onaue a.s •aa noted for the mnture leelon. 

~ 
G. The foncati~n or anbe=toais bodlee represents a coating or the tiber ■ 

by blood cn,l tioauo elcr..onta, whlc:h results in lou CJf ahility or the 
fiber to produco tibroeie. 

Intratracheal injection or asbeato1i1 bodies tailed to produce 

the typical a:,beatotio tissue roaot1.on 1n experi.mentlll animalu. 'l'he 

coesation ~r progre11ive reaction to inhaled aaboato• dust soon af­

t~r expoaur0 terminate, c.~y be due t.o the formation or anbestosla 

bodida. 

H. Aluttinum h:,·,fro:dde tailed to neutraliu the fibrosinc action ot the 
~~nc•fibor asbestos. 
~ 

Intrs trachcnl injection of nluminwn hydroxide \'O. th c hrys:-tilft 

aeboatoa dl1l not rotard or prevont the devolopr..ont ot asbe::loda in 

rats. 

I. ~alation or a1beato1 dust did not alter e1gniricantly tho final out­
.-:,1lo ot ~~-:Jr1r.1entn.l tuberculosis in t,·.o aodo:s of' iuinon pig:i expoeod 
to tho dust. 

The •t1c1nrantly JUl.ld influence or asbastoa dust 11 in diatinct 

oontraat te the at1mulating efteot or inhaled quartz upon a tuber­

culoua procoaa 1n tho lung. The interpretation muat remain tenta­

tiTe, hmrovar, since it 1a based upon an invostigntion limtod to 

~ t:wo series ur guinea pig• e~oeed to only one kind or asb~atos, 

namely, line;'• noata. Reference to table 4 shows that lib en the 
.. 

tnreotion ~·u oo1uc1dental with the on ■et ot dust exposure, there 
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_, waa ter::porary pror,re111tlon ot the 1nfectioua procea11 withs ubae-

quent healirq;; when lnteotion waa ini tiatod artor 26 months or duat 

exp1,aure tho course ot the tuberouloaia waa not appreciably altered. 

11,i a lotter rirnlinr. t • •ll,11 te different rror.: our uau:il experience with 

•1m1rh duat or wl th mixed dusts containing quartz, wheroin tho ad-

verso influence ot quart& upon a tuberculous infoctl.on 1a numitoated 

moat atrik111r,ly when infection h initiated nrter a poricd of .dust 

exposure, "tlz., superimpooed upon • background ot eatnbli shed aili­

coeiB. Aa tndlca·bod abovo, appU.cat1on ot this more aonaitive teat 

to aaboatoa dust failod to demonstrate that ,ubeat.oa had an adverse 

inrluancc, u::on a tuberculous infection.• Tho inability ot aabeotoa· / 

d~t in thnt. expori.ment to art"uot unravorably the tuberculous pro-I : i· : 
;fi 

co:ss f11rn1u'.cs oi..rone; cupi:ort for t.ho h~terprotBt!.on that i.nhnlad 

nsbestoa clu::t hos no moro thn.n a mildly wifa.vorablc, effect on 

pulmonary tliherculosi•: 

AcJoiowledr,ment 

AclcnotwledD11Cnt ia gratotully made to the group or 
ooape::.ies __ or the al'!lbestoe industry whose get"erous 

finn11dtt.l support 111:idn thill inveati&atinn poufhle • 
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( TABLE l • _, 

REACTION TO LONG-FIBER CHRYSOTILE 

Ii 1;~ L~GS or l!AN A:m onrnR SPECIES OF ANU!AL 

• 
d Sr11~cina ?lode or E:reoaure Fibroah Aaboetosia Bodies 

Jinn "inhalation 'I+ liumorou1 
"'\ 

II Guinaa Pig fnhal ation and injection 2+ l!od. numerous 

• Rabbit II .. n " ♦ Rare and 11.typicLd:. 

Cat ti " " ♦ II " II 

• 
~ 

V,'h1 to Rat " " • + Very re.re 

l."hito lfliae rnhnl atlon 0 Rar,1 and atypical 
:ri 

Dog !njoctton 0 Nont> 

L1 
I 

synbola Oto 4+ roror to the degreo or tissue reaction. 

II 
II 
·1 

- --c·--

' 
Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
ACL Doc 13192 · Page 49 of 95

Published by AsbestosClaims.Law

asbestosclaims.law/library/13192/49

https://asbestosclaims.law/library/13192/49


CRMC-Motley1000-Subj-000650

J - . . , -~ 

-- TADLE 2 -~ 
• 

C!Il~ICAL IJ!ALYSIS OF ASDESTOS DUSTI~G fATEHI~L _., 
~ .. ., 

• Jing'. Short- Long-
float■ fiber tiher -

' per emit ~r cont per cont 

ii SiOz 39.S2 ~1.11 38.40 

I 
Fez'~ ) 9.09 ~.~2 • ) 8.84 

' f 
Ali>3 ) 1.40 0.18 

, . • CrtJ 3 • 0.14 • 
MnO • 0.09 o.oa • CaO o.CS7 0.86 o.s1 

i ·-4 
s UgO ~5.66 is.96 40.18 

~ 
&a;!J -· • 0.14 0.06 

I-!J • 0.20 o.os 
CO2 • 0.98 o.57 - • Ignition 

-'ii 
lou .!!:.!! 14.09 ~ 

- 9'1.U 100.11 99.76 

··- .,., - • ~;ot determined 

- ;' _ .. , - .. ' 

~ 
. " 

' •. 
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• 
II 
~ • ' • 
'} 
I 
I 
I 
II 

TARIE S 

P£TRC£~U.PIIIC .Ai'?ALYSIS OF A~l3ESTOS DUSTWG W.TERIAL -, 

King' 1 flc-uh 

Th3 ap~ro.ximate cocpo1itioa, ba1ed on particle■ (except 
ohrysotile) acialler than 10 micron, and report~d a, percen­
tagos c,btnlned tr-om particle counts, wa■ s ohryaotUe U, 
■erpentlne 40, magnetite 12, oarbonate1 18, tole 12, other 
minoral•J 4. 1-'or ohryaotile, rtber-1 up to 200 microl"! ■ long 
were it,cluded. 

Tha material•• received oontatned a preponderanoe or 
tibrou:i ohrysotUe c:ind platy (non-fibrous) 1erpcntintt. 
AcceaaGry mineral• prosent were dolorrdto, chromite, magne­
tite ar.J • little tre:nolib and actinolite. Tho 1he,­

diatrib:1tion wae nonuniform. Thore were moro tibors in 
thh mr.Lerial th.an 1n the Ung'• noata. 

Lon~-ri.ber 

.. Tho material contained about 75 pur cent ot tibroua 
·la cabuto o mineral, probably chryaotlle, ,ri th soma eerpen tine 

and small amount. or calcite, magnetite and cbloritic or 
micaceou ■ 1dnoral ■• A trace ot quart1 waa ■oen. Tbore 
were ah1·od1 or non-separated Nbora 10 to 50 micron• long 
and 6 to 16 al crona ln d1 a.meter. 

.... 
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SUMY.ART OF IN?!ALATIOli !IP~Il'h1:t TITn HliG' S FLOATS Ar.BESTOS tUST 

\ 
t~ature ot Experiment 

Duet ex;,osure oontiauou1 through• 
put lire. 

Duat ex;.osur• followed by a pro• 
long~d residence la normal air. 

Tuberculou1 t.nreotion• at atart or dust expoau:r•. 

Co~trols to inl'eotionJ no du1t 
ex;,oaure. 

Tuberoulou1 1.nteotlon• at'ter 28 
aontha or du1t exposure, then 
reaidence 1n normal air. 

Co~trol1 to 1J1t1ctton1 no dutt 
ez;,osure. 

i llumbo~"~ft 
I 
I Antmal■ 

' 
i 54 g. pig, 
I 
' 9 rabbit, I 

' t 
~ 18 rats 
I 
! 

: 25 
J 

g. plg1 

\26 ,. plgl 
! 

1 rabbit 
l rabbit 

g. pig• 

g. pig• 

~2 g. pig• 
i 
i 
I 
I 
;t2 g. piga 

i 
i 

; llaxil!IUJJl 
! Du1t 
~xpo1ure 
I aonth1 
I 13 I 

. i 
19 I 

\ 
I 6 

8 

I 9 ~' 

\ 6 
I 19 
t 
I 

i S6 
I 
' 

I 0 

! 
i 

26 

0 

ax JIW1l 

.;:.v1-.al 
ltf- Pust 

Ex?oture 
month1 

0 

0 

0 

ss 

3'1 

50 
34 

0 
i . 
I 
I 

35 .. 
i 

' 

14 

' I 
' 

Reault• 

~1cal·peribronoh1olar fibroa11 attar 16 month. 
' 
~oreign body bronchit11. 

ri!tle or no reaction. 

!:onprogreulTe ttbroah. 

fonprogrea1l•• tibro1t1. 
; ! Ab10rptlon ot rore!.gn body reaction.' 

Temporary progre11lon ot lnteotlon tollo•ed by ~eallng with tibro1t1. 

Healing by reaolutlcm (one exception). 

~o •?preclabl• lnorease in aueoeptlbillty to tuberculoua infection. Healing with tibroala. 

Healing by roeolutton. 

• With iow-rtrulent t 1 atraln ot £u6orc1e 6aclllu1. •• Arter inteotion. 

- -- ----- ----- -~ - ~ 
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JIii 11r;w -·•·~ -------~.ii.~rl ·.11-.·· ■-■ :·· ■ -~■.: ■.·■~-~I 

' TABLE 5 

stnA'ART OP' IMRALATION EX!>ERlMtr.T r.tm ~HO!tT•FIBEH AFBESTOS ~tl/llA Dus, 

...,. ' I 11a.x1JauJa : ~~l 
1,\U'lber ot I 

Duat :Arter Du•t . ~ature or Experiment 
Results 

Animal ■ ;1Xi)08W"8 ! F.xpoaure I 

I mon I mont 1 

... ~ 
• ';I. r;.plge ! 3( 0 

I 
I Du1t •xpoauN oor.tiiluou■ 

throue:hout Ute l 
r.&te of r~aotiou about the 111111a •• iz: e:r.>erioent with Y.lng'a float ■ aabe1to1 but erle~t or in• 
TO~verr.e;1t -.ery much l~u. See note below.•• 

.t'u ■t 

I 

·' ( _; ·• · i 
,, f 

1 ..; I • i 

/ 

.... :. 

expoew-e tollond by• 

7! rat■ 

18 oat■ 

7 rabbit• 

lS g. pig■ 

I 
2 cat1 I 

t 

32 

5-1• 
'\ i 

' ,,. 

20 I 
! 
I 
I 

31 I 

0 

0 

0 

14 

24 

Characteriatic patches or perlbranohi~l:!.:" ~itro! no a1best01ia bodi••• 

Subpleural reaction o~ly. 

No tibro1i1 aeeu groaalyJ nioro1coplc eTide::ice o I a.heo.lar wall thickening after 40 month, ezpoaur, 

i Progrea■ion arter remonl tror.i dust doubt!'-.i: J 
J n•1 ther cl early established nor de~ini tely excluc 

! Samo •• tor oontinuou1 e)Qoeure. 1 I 

' 
prolonged relldeooe in normal i. I 

I I I! air. 1 rabbit 

l 
62• 

I 6 ! ~imibr to oor:tinuoue e::,q,ocurea ' 
l ! regrea ■ion. 

' t I 

, • Expo■ure al'ter 253 mo::;th1 waa to 100 per cent bell-l!lilled aabe1to1. 

. } 

i 

•• React.ion probably due to long 11.bera in the unuound JMterial .-hich ~aa mixed with the ground a1be1tos du1t to proriuoe a 1ati1r,otory du1t oloud • 

e'ride?!ce of dig}-
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lJ .. 
I 

: I • I ., 
I • I 

• • 

TABLE fl 

OF SllOJ:T--l'~IBl::'R ASBF.STOS (~r,'~tS'(11'IL~ nus, 

Time from beginning or dunt expoeure 
; month■ months 

1
. month• I scntha I months 

'. 12 ! 15 20 24 i SO 
·;-, i 
: ·J;.xpnauro to dust I J'orlod in nuro:al air : 

12 
0 

lli 
0 

20 
0 

24 
0 

30 
0 

month• 
M 

34 
0 

;r,er cent ; per ceut per ocnt per ooJ~t · por cont ' por cen 
! I . 
' I ; i Amount or uh t &.oz : 6.00 6.86 6.42 s.s5 
l O! ot' drlod lw,g) 

I 

4.50 4. 76 6.43 s.so 6.55 r·uat t 

I i. 6.16 
' ,.ss ' F.xr>oeure I I Continuous I I 

f.-uring : Totnl Si02 ! o.s1 ! 0.49 0.06 o. 70 o.96 
i (~ or Jl'!c,t! lu..,,) t 0.46 : 0.43 0.!)0 0.1a 1.27 Lit• I 

; 0.6~ o.63 I 
,, 

I : I Total S102 

I 

' I I 

; 10.zs I 9.98 14.46 H.48 1'1.89 
(~ or et::,) , 10.oe ! 9.00 14.07 11.20 19.46 

' 1 10.54 I 10.GO 
I I 

f1asue n~uotion• 
I 
! 

2+ 3+ :t .t 4+ 

i i 
moatha lllO!!tl\1 months months 

' 
rmontha 

, E:xpcaure to dust l 20 20 
1 Pe:-iod tr. noJ"lllal air i ' 10 

I t 
' pdr ocnt !per cent lpdr cll.nt !t1er cent per cent 

1 .AJl'.OU-'.lt of a11l1 
I 

s.16 6.11 
Dust ( % of dr hd lung) s.11 ~.98 / 
Ex;,osure 
Followed by 
Prolor.ged Totc.l 8102 

C I 0.48 0.62 
T<eeidenoe (,C or drled lung) o.sG o.u 
in Sonnnl t I r • Air \ Totl:11 S102 I 9.:50 I 10.21 

l (% ot ull) 7.16 o.s1 
..• I I 1 

·1 

I :., !r1aaue n~nction• 2+ 8+ ., 

! 
~ 

. •The aymbol ■ aTer11gi0g the tiaauo reaoUon in each troup repreeant uierely the 
relutive degree at re,1.1.:tion, rs.'lsing ti-om t ( qu,utlon11hle) to 4+ ( the maximum 
tor th1 • 9Xi'>•rir.u!nt). '010 relationahi:>1 apply only wlthln thl • table and can­
not be compared ·1:l th 1ymbola in other, 1 ... ,ble1. 

6.06 
6.55 

o.,s 
o.96 

12.37 
15.11 

4+ 

JDOutha 

20 
H 

1per cen 

I 4.11 
6.18 
,. 11 

0.26 
0.28 
0.22 
5.~l 

I s.oo 
4.60 

l 2+ 
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~ 

■ 

• 
~ 
ti 

-

TADIB 7 

ANALYSF.S OF LUXOS OF V.1111£ RATS THAT H}.D nm.ALF.D 

snonT-FIDF'R AmlES1'0S (.tAAY'sofft~) DUST 

Duration of Exposure 

! 0 m:nth• t 
I 

I e month, 2 month, I 4 111onth1 8 1110nth1 
• par cent per Cflnt per C(.tnt por cent per cerit 

.A!IIOWlt of ash 3.~ s.& s.s a.s 3.9 
(~ or di-led lWlg) 4.3 ?.6 J.6 s., s.e 

2.0 2.9 s.c a.1 3.5 
3.6 3.2 "·' z.s•· 21.7 
3.9 
S.4 

'l'otal SiOz o.oo o.oa o.oo 0.01 o.oe 
(,: or dri .I lung) o.oo 0.1s 0.11 O.O6 0.10 

- , o.oo o.oo 0.01 o.o• O.15 
o.oo o.os 0.17 
o.oo ..... 0.1s 
o.oo 

I o.oo ' I - ~ 

Total Si02f o.o 2.1 2.s 2.1 2.2 
(,: or a ■h I o.o s.s :s.o 1.5 s.s ., o.o z.2 2.2 1.1 3.4 

I o.o 1.5 I ,.o 
o.o 4.2 
o.o I o.o 

' I 

110 1ncnth1 
jper cent 

I 4.9 I 4.6 
6.S 
4.7 

0.1a 
O.16 
0.15 
o.u 

a.a 
3.3 
2.8 
2.a 

I 
I 
f 
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It. - '~ 

-I 
~ ~ 
II 

• • 
II 
1 

• I • 
" a: . 

"' .-

II 
II 
Ill 
. -:;--

11 
}~":~ 

II 
i , 

TABt:E 8 

COUPATctSOU OF AVERACl VALUES FOR A~H A!'lD TOT.At. SILICA 

FOH un:as o, l'ilIIT"l RATS IHffALD:O VARIOUS DUSTS 

( Lungs only w1 t.hout included lymph node1) 

I . I Dura~ion ot F.lf?oaure 

!2 monthe:4 month1!6 mnnth,;s montha:10 month• 
·per omt per oent 'per cent 1per ctmt :per cent 

a.a a.4 a.s ! s.a 4.9 Amount or Ash 
0~ ot drled 

lung) 

8bort-r~bor oabestoa 
Quarts 4.3 ,.& 7.1 4.6 7.8 
l'cr~fuoua dhert 
Oyp■um-quarta mixture 

6.9 8.9 9.9 9.0 14.l 
2.9 !.e a.4 s.6 4.1 

·rotal Si02 1 Short-tibor aabeatos 0.09 
( ~.G or dried I Q.uarta o.51 

lung) ~ 1 Ferrugin0\28 chert 0.25 
- I Gypsum-qua.rt& mixture l o.oa 

I 

Total 8102 ! Short-rtber a■beatos◄ l z.s 
(% or ash) I Quarts I 11. T 

Ferrug!nou1 chert S.9 .... ! Gyp8Ui.-quarta mixture t z.a 

o.oi 
0.61 
o.s2 
0.01 

I 

o.oe 
2.94 
3.45 
0.11 

I
I 1.6 

41.5 

1 
S4 •. 4 

I s.• 
I 

0.15 
1.u 
2.40 
o.z2 

s.2 
66.6 
43.2 

I e. 1 . 
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l .. 

_ ... 
(J 
(· -• I I • : t • : I 
II 
r I • r i • -

• I 

~ 
~ 
~ 
I . 

• 
II 
i ~ 

• '. ,t· 

Q 
,..: 

-i -

Tl,DLE 0 

SUMllAnY Cl'' Il!JIA!..ATION EXPE.1UUENT 

., lHTU 100 PE!l CE::T DJ.LL-J.1lLLF.D MDl::S1'0t DUST 

N.ture ot 
Experimnnt 

Lraxl.DIU.'ll 
Duat 

.E 

l'lust ex;,osure I 8-l g. pl~• l 24 
contlm.iou11 I I •· 
throut~hout -40 ratu I' ~ 
11re I 

24 m.loe j 12 

ii; I 
I:uet oxpo•uN 16 g. 
rollowed l>y a 
prolonged 
ret:idonce in 
n offl41 a fr 

I 
I 

ptgs i 20 
I 
I 

I 
• 

i!a.xliuri 
SurYival 

: Atter Dust 
: E1CQ01ure 

-~ -. 
' 
i 
I 
I 

0 

0 

0 

12 

Boeulta 

l:o apprectaule pulmonary reaction. 

No suggestion or aobe1to1is. 

Jo 1ugge1t1on ot asbo1to1l1. 

Flbro ■11 ty~loal or •Ebo1tosis wa• pre­
ser,t 12 mor1th1 arter exposure ceased ln 
an amount surttciont to be visible 
groa■lya naller toot could be oeen m1-
croooopionlly at 2 month• and 8 month•/ 
after termination or exposure. 
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TABLE 10 

A'iALTSi::S OP' LUNGS OP GUINEA PIGS EXPOSED TO DUST IN Il:RALA TIO?: E:?i::R !l'E::T WITH 100 P:::R CE!:T BALL-J•ILLED ASBESTOS DUtT 

. Axpo•ur• 0 UI 
!Period 1n normal air 

:Aaount ot uh 
I 

(% or dried lung) 

'ExpoBUTe · \ 
Co::?t1nuou1 jTotal S102 
D:ir1ng : (% ot dried lung) 
Lite ' 

I 

I 

;Total SiOz 
·\ (,Cot Hh) 

___________ Jime from beginning or duet er.,otr.u-e 
; month1 ,.oll!h• month• .:,,~nth1 , month• montha mon~- i I l 'l" 3 ~ ' 5 I 8 12 16 ! 

months 
20 

0 

1
"~.:~ 

4.~) 
4.35 

0.21 
o.so 
0.24 

0 

: 2 3 , 5 8 12 16 
! 0 0 1 0 0 0 0 

lper oen : por cer.t jP•r oent 
, 4.66 I s.10 

1 4.~s 
I 4.6C' 5.r.~ 

! s.02 I s.os 5.74 
1 1 0.25 0.10 

1
, o.sa 

o.34 0.32 o.se 
o.c1 o.66 I o.~J 

4.90 
'7 .40 

I 12.01 
I 
I o 0 

i 
I -
1 o:s2 

I 
'11.es 

' d 

!
per cen 

6.65 
. e.24 
I 
I 

II 1.2s 
1.45 

0 

; 
I 
I 

\ 1.02 
I 1.11 
I 

16.95 
21.95 

20 
0 

I 1. 28 . I 1.2a 

22.60 
24.61 

. / Ti.me trom 'beginning ot duet expo sure 
ontha i 1nonth1 I aonth1 

:so 1 36 t 40 I 

air 
I 

t'Ust lAmount or ash 
Expoture I(% ot drled lung) 
Followed by I 
?rolonged :Total 8102 
Retideno• ! (" ot dried lung) 
1n !i orn:al ! I 
Air ;Total s102 

; (% or uh) 
I 
:Ttuue Reaction• 

28 28 28 
2 8 12 

1;.;:n r·~.::nt -~_;:it 
a.a, s.96 &.11 

1.s1 o.ee o.e• 
2,J9 j o.r.·r I o.64 

1.63 12.99 11s.oa 
6. 2J l»~:>,S5 1 l~~ll 

♦ I z• 

24 
0 

lper cent 
a.~o 

l 5.5£ 
I 

' I 
I 1.es 
I 1.21 

I 29.05 
21. 70 

• The 1ymbol1 anraging the ti11ue reaction in each group represent :nerely the relatlTe degree ot reaction, ~anging trom · O to ± ( queationable) to 2+ ( the lll&X.iJIIUJll obaerved 1n this upe~iment). The relationship• &i'i)ly only 1'i thin thil table and oannot be oou.pared 11'ith 1ymboh i:i other table ■• 

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
ACL Doc 13192 · Page 58 of 95

Published by AsbestosClaims.Law

asbestosclaims.law/library/13192/58

https://asbestosclaims.law/library/13192/58


CRMC-Motley1000-Subj-000659

~----, ., 
'c9. • 

ti 

" l 

■ 
~ ,. ,. 
• l 
t 

• 

TABIB 11 

cm .. 'PARISON OF SIZE-FREQUENCY OF ATl.!OS!'ID.lUC 

.. L9NG-FIBER AND 100 Pm CENT BAI.L-JIILLED ASDESTOS DU!.i'T . . 

~--
:9 
s, 

Oralee 

Fibor,· 

Clump• 

COJ.J.ECrnn t:l~IOK CAGES 

tong-fiber 

per cent 

( <,, 3 111icron 1 86., 
( 
( s-10 1.1 
( 
( > 10 o.o 

( < 10 25.8 
( 
( > 10 

~ 
6.T 

~ 

100.0 

Ball-ldllcd --
1>er oemt 

90.6 

-&.a 

o.o 

o.e 

o.6 

-2:.! 
100.0 
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• • 

~~ II.,_;,: 

mJ, 

II 
.. 

II 
~ 

II q 
l 

~ 
l 

~ 

?:nture or 
Experiment 

I 

: }iw:,ber ot 
I Animals 

• l 
Iiust exposure ~17 g. pit• 
cc,n tinuoua l 
throughout : 4 cat• 
life I 

I 
! 20 rat• 
I 
I 
f 20 mice 

i ..... 
Dunt exposure! 12 g. pies 
fol lovred by a i 
prolonged j 
relidence in I 
norzr.al air I 

~ 
t I 

2 cats 

•. :: l 

•. <- :·f 

TABLE 12 

StnD!ARY OF WttALA'IlO!l EXPEnIIIF.:lT 

wrm l,OHG-FIBER ASDESTOS I>U~'T 

l'odmw:l 
Duet 

E:xnoaure 
111ontha 

~6 

"2 .. 
25 

25 

20 

27 

10 

;... 

Maximum 
! SurviTal ! A t'ter Dust 

txpoaure 

I 11onth1 
0 

0 

0 

0 

.... - 14 

9 

24 

Reaults 

Definite tibro ■i• in lG ~onth ■• 

Slowly developiug f'lbroBl e rirat seen at 24 
11onth1. 

llorkod perlbronchiolor tlbrooi ■ T ceeh 
tirat aean at 24 month1. 

Lirdted reaction, no tibr0111. 

}clearing or intlm"U:llltory reaction a.'ld def­
inite contraction ot tibrosl ■• 

Clearing or innammatory reaction and alight 
oontraotlon or tibroal•• 

Similar to contlnuoua exposure group1 1ug• 
geation of' progreuion in one or tho two 
!animal ■._ 
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; lire !'rorn be~lr.ni~~ or dust oxoo&ure 
' 110t1th1 n:o~the mo::ith1 mo~the r.onthe month ■ montn1 month• months month, month• mo.,the cocthe 

•• 1 ' 2 tb-1111\3 5 "" 12 16 20 24 21·'- 30 M 36 

r.X?o•ur• to du at l 2 3 6 8 12 16 20 24 27 30 I ~4 56 
Period in nonr.al air 0 0 0 I 0 n 0 0 0 I 0 0 0 0 0 

,: ,. ~ ~ ;: " ,: ,t ~ ~ 
_, .. ,: ,. ~ 

Alco\mt or alb ,.ss 4.46 I ... se 4.?7 ~.7:? 4.87 2.98 3.64 5.42 5.40 s.&s s.aG 4.10 
(~ of dr1od lun&} l ~.~3 ,.~e {.la 4.<>.s •: .!, 2 :;.02 ;;.dS . z.t.J i.52 ;j.14 s.os 5.70 ,. 74 

I I ,.:51 4.35 4.61 s.oa ~.34 s.1s Z.16 , g.se 3.88 
r.-ust ,,, \ ! 

Er,,01ure Total Sl02 o.o4 o.os o.os o.oe 0.10 0.2s o.se ; o.u o.ss 0.:59 o.~., o.ro 0.11 
ContiJ.uou• . (" ot clried 1•.mg) 0.09 c,.os 0.06 0.12 o.09 0.20 o.ss: 0.49 o.2i 0.49 O.M :.r--~ c.zs 
During I o.o4 o.oG o.os o.09 0.01 0.31 o.34; o.&2 0.2, .. ~ I Lite '.· i ~: ! I 

1. T6; · 12. ,o i 12.22 ! 10.18 ;,11.s1 I ,, ' Total S102 r 1.10 1.23 1.20 2.21 s.20 10.&5 ! 8.60 9.11 
·•· ·,· . c:; or ai.'t) . 2.11 1.1e 1.u 2.C7 l.90 4.09 '.12.25: 13.83 i o.29 :1~.16 11.22 '12.47 :12.eo 

! o.ss 1.46 1.48 1.11 1.sa s.9; ; 10.91 ; 14.69 ' s.10 I . 
I 

I ' 
tiairu. Reaction• 0 t t ! + • 2• 2+ s• 3+ 4+ 4• 4+ 

. ,-; : " 
' • '1, 

Ti• trora beE!nninr; or du1t ex~1ure1 
. montha m0."lth• month, ac:mtha month■ month• month, gonthe 

t, 
Ex;,o■ure to dust · : 20 ?J:) 20 20 21 27 21 27 

' Period 1n norm.l atr 0 4 10 u 0 3 ., : 9 ·, ~- ~ ~ ~ c· ~ r• ,; ~ ~ I" 
~- .Amau!lt · or a th : I :S.64 2.92 I 4.18 s.01 "3.40 3.68 s.19 i s.21 

(% or dried lung). :, z.so 2.01 4.~ &.o, s.1, 2.64 3.18 I 2.1s 
!:'ult I' s.ss i 
F. x;, o IUl'e ~-

I. i I 

Followed by Total SS.O2 . . o.•s 0.21 o.24 0.21 o.:s9 I O.31 0.2s i o.29 I 
??t;) locgad (~ or dried lung) 0.49 0.21 0.22 0.1s o.49 i 0.10 0.28 I o.u 
Relidence o.s2 . 

i I 

tn f.ormal 
. ~ ! • 

I l I 
. U" ' Total S1O2 ;12.22' 1.2s 5.T& f 4.19 : 11 61: e.59 '1.99 : 8.96 • • I < (~ ot aah) . lS.63 ' 9.60 6.07 ; :s.ss ; 13.15 6.9' s. 72 i 6.51 

• j, 14.69 I : . 
I 

'. i 
: Tleaue Reaction• 2• 2+ 2• l • 3+ 2• 2+ 2• 

•Th• symbol• aTeraging the ti18Ue reaot!on in eaoh group repreaent merely the relati•• degree or reaction, ranging trom Oto 

•• , :_ .... ,,._'-_ ---•-- •- ~'-•• •• _ .......... ..,+, '!ne r11l11tionahlne a::>:>lv onlv 'Ci thin thi ■ table -.nd cannot be oor. 
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111 . 
. .-~· ; 

• • • • • I 

! 

II 

• 

rz· C • ,..._ 

COIJ!1AJ1 rnoN CJl" RUCTt1)'1 TO ClffiYSr.TtLE /1:JD SENrRHTINE 

T.ouge 
£ach anlraal wu injootc,J 1nt,·atracl,oally with o.6 cc or a 5 por cent auspenslon 
ot tha dust. Two week• later Mother 1lmilar 1njeot1on wa1 gi~en. Total 
amowit of' duet injcsct.d • 60 u,; • 

. .. 
l 

J.11tmela Uaed · 
~ix group a of 9 guln~" lllgs eaeh ( one group tor each typo or duat) • 

' . -~ ........ --Sacriflc1 r.g Period•· -- -· · · · ···-· ·· 11.st 
Ono or t"° nnimnlu in each group at 1, 2, 8~ 8-1/2 and 12 month• arte,,r;injection • 

P~eesratt~n or ~uat 
ChryEotile (boll-willed) unheatada 

ChryriotUe (ball-r.1llled) ignited a 

.. 

B11ll-ailled for 1176 hour•, dried 1U!c\ reground 
in agate aortar • 
Dall-raillod ohryeotlle hoated ror 2 houra at 
about 'IOO"C., then grotmd in ag11te mortar 2 
or 3 minute■ • 

Chry:10tile (fibrous) ~hnted a 
Chryftotile (fibrous) io,itod 1 

Ground 1n agate mortar to pan 200 mesh. 
200-meah mterial boated tor 2 hours at about 
10o•c. ?lo l'urthcr grinrling. 

Serp~otine (b&ll-ruillod) \D'lhoateds Ball-a1lled for 1480 hour■, dried and regr~\Dld 
in agate mortar. 

_ Se~p1tnt• (b~l-1-rdlled) ipli:-d 1 Ball-lllllod ■srpentine heated ror 2 hours at 
about roo•c., then ground in agate mortar 2 
or 3 alnutee. · 

Uineral 

Chryaotile 
( b&ll-m.illei, 
unheated j 

I 

She of' 
Duet Pa:·ticle• 

3 micron ■ and 
lus 

Chry1ot 1 le i S micron• and 
(ball-milled). leau 

l~i~d ' . . , 

ChryaotUe 
( tibrou1) .,. 
unheated 

Jnicrona 
approx. 

PeBUlt s 

Grinding destroyed capacity to oa1.1se r!.broah. At 1 aoathJ 
oon■lderable influ,Matory •dema and cellul~r proliferation 
and locallutlon ot dust particle ■ about bronchioleaJ at Z 
month,, only a 'W'ery ali~t prolit•rative roactlon1 at 6, 
8-1/2 and 12 aontho, widel7-acattered mall mononuclear pht.• 
gocyt••• At 12 months, a tfl'II llf.oro•coplc pat.:hoa or thin 
alveolar wall thlokenin& 11'1 th a01ne adonomatoid change in 
portion ot air 1pacu abutting on thickoned bronoh'i. Ho 
a1be•to1h bodio■ ••en. · 

Reaction limited to large foreign-body giant oella 11'1 thout 
production or tibrou■ tteeue. 

.l di atinct tibro•h. P.ecction localhed to oonnectlTe tta­
we about tenatnal bronchlolu1 11 ttle .Jri th1n thoao tubH. 
Contraction nauaed adenomatold appec.r1111oe or ait' ■paoea 
given ort directly f'Jooa tendnal branchioloa. Ree.otion are1 
became smallu· wtth progre■■ ot ti!HJ no 11ft' regian1 ill~· 
"YOl't'ed. llo c:hronlo pleurisy eveJl at point• abutting ·tntn­
pubioi2arychm r;•• At 1 month oonddu-able lntla1111atoey eda, 

· and tool or c.,tllular prol1terat1cma at 2 month• wll--.rkad 
cellular prollteration and t1bro•1• oocurr~ rocallf abouil 
re9Ptratory 1,roachloloa. Thi ■ reaotion developed betore-'u• 
be1to1t • 'bod! H had formed and 1'111 a■ adnnoed u that pro• 

· - • -"'·• ••• .... "r ••l>••lott duat. /.'; " 1110r,t.he, 
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• • I 

Chry1otlle 
(t1brou1) 
1gnlted 

I 

Serpentine :S aloron■ -,d 
(bQll-millod)'. lea■ 
unheated ; •· 

i 
Rerpttntino 3 r.dcron■ and 
(bnll-milled). lea■ 
ignited . 

oontrauiaou 01 .l4u,·o .... -•"'"'""~• ---~------ -
d~nt. At 8·1/Z mont~•, reootlon 1t111 los1 extonalve, oon­
t1'Dt1d to tht· 1Tm110dlate Tiotn1ty or th• moll terminal bron• 
oh!olt-s, 1thr,re th-, acor thsuo wa• quite den•e and wa• bo001 

inr; hytlint• in oharaater. ::;omottmet it eTen obl1tented the 
bronchiole. Aal>eat0 ■11 bodiea harl booo:ne aoarce. At 12 
Jt10nth1 1 the nll•developed pert- and intra-bronchial edeno­
matoid ar••• ot t1bro1i1 had produced oon11derable dlatortt 
J!ore peripherally wore patohea or pneurllonlth w1 th eoalnr,pll 
lio tnfiltratioa, 10m ot which ""' bofog ti:-an11terred into 
tibrou• t11sue. Tho•• ■ecmed to bo precuraorg or the looGl 
he41 dit.f\ise patche ■ or thin ahoolar wall tlbro•h aeon 
elaewhere. · ~~ 

J~aotlOD 11111ted tn large rareigr.-body ~ta11t c..olla wlt.hout 
proliterattcm. Heating the fiber•, m1ch taado them brlttl• 
,deatroyed their cnpaoity to prod111:e 81,;,1.rtco.nt ruaction • 
. '· 
.. ,:'." 

j Duai~elatlnly. 1nnct1ve. At 1 and 2 nimth1, llirnpl<s phar;c 
1 cytoa\\ wi.thout prol1teratlon1 cit 6 1110ntho, no char.~• exc-

1 
poasibly~pzpho1d oell b,riltrat1an: at 8-1/2 nontha, n al 
chronic pu~1t11, at 12 months, anly • little pneu::~n1 4 

, without a1ggit~1an or ribrosil. " · -
f •' .. • . 

. \. 
Dust relativel7 ln-.tive. Reao~ton Ol58%ltl~lly the ~nmo 
for unheated 1urpont~. tith Ignited serpent1no, l•~~ t 
deno7. tor duet to bo oarrled to bronchial node■• 

', 

' 
I 

! 
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.. 

I 
I 
I 
[ . 

I 
I 

I 
I 
I 

' . . '. ... . .. ,:· ...... ,: .. ·,,.:,?;·,.·.,,..~" .. "fr.'' 
I • • • • .. • • : ·'r ... ~,. .. ~ ;.:i.:~.' ,.·.-~:!-.;ii•· ,·'P~ • .. --~'1, ·,: .• ~~~~•-•:~\~_ .... ;·' ••• ,•·;·-.:,,.◄• ··"•".'1-."l~ .... ·" t,'llr."· 

• ·:.•· , ~ . _._. ~ ,.'. . . ,·~, • .. ·· .. --:,-.• •· }''ll.: -~~: .. ~:; ·: ·t,i.,. .'! , }··~i:-· ,,...,<'j:_l'~:+.::·. {'\r 1: ..... ~:; . • ~ .· ·,.t'· ·•. -r: ~.>,.:\ ~• 1:. ·::,.,•,, i•~..,\ 
••• ,_. • ... ----;: \" ll__. • • • • '• ~~~ T'•tn•· 1· 1 "!1,.l' .··.··.~-~-:..:.·. ·=·•,.• ;.!/' ... :V' .• ,·t•· ... , . ·' ~tt..,~.· -•.~--,: ,,,.., .... .\ "l f.•. • ., .. , ....... _ ... •' .: .. •.·· ., .. ,.,.· ., ·.,.,••f, .. .a.u..... "t,1 t .,, ,:-,,,.~, .. ""'! ..... , .. ~,t ... ~~ .. c: •• ~•··· ·,..;:·•\·~r-~•-.. :.;;:"'t! ...... , -:,..· .. 

. -~ ~;- .. ·1 •• ··., ·,,.·, •. •: :;:.: ·.' { ,:,i,~ .:h•·i>. •-; 1-S t ··;··:·~/ .. .,'!'.?-:•·i>.'.?.'.11 i·1~ ~ _;·r ,, ::•ffi,j,rt;·~: :_r.t.\ -~\--

Doe:;~~~:~·. OF ~r~T~O~. ~\:~1 '°J:'t~:f 7~ffm.i;;t,;&!E:~ ~:~1~~!~:~,:~:~;:~~~ 
Two injeotion■ of o.a oc ot a I per ·oat. auape~d~_: gi"Nll t~ .. ck, apart~:,;);'~\,{,/•:· 1~~:· , 

~1,,.rtt =· :tr · · · -, J:\\ ;: :+?: tt/tiY\.: .. ~}~::t:_ .\;.?'\f \;IJI" 
Yrom e to' guinea· plg• tor·••ch duat. •. -~·•·._; . •.• ... .- ._~•·. :,-· .. ·= 'i,:·;,.·: _: ,;!."· :- ·:.:,:;·~·.:.-,.~Pi~-, 

- . ~ · ; ... :. · -~ / . -. . . . --- ;~< ::-•. -:. ·:-~·._· · ~<:---:-~:--:. ··::-. ~:/~·:· - ·:.-· .. :; _:~\:L_ ~:.}<· ~-:tf:/:,: .. :-~;\<·'.:·:·.,.p•~t: 
c;acrit!.o1n• l'erlod• ,.; : ' · · · · ··•. -' ,·. ····· · •. ' 1' · t .,. .. ,.~ ·-_- · · -·. · \ · ·t ~-,., ,,, '."• ... .- ·;: •• · ·:·,.:·· .~:,:\;.:(.\,rK'.,,-. • ~ .... . . . . •• .. . . .·- .·: ... -.~ .... -:·:.~.,• . .:• .... '-· ... ~:·~~ .. ;:,~ .. ,~,"":aw 

. Usually at 11 41 8 and 12 month■ atter/1njeot1on ... ~ ·. · .· . .-. ~-<. • .-~,,·;:.:.-·.,. ~,.-•• ~ •• ~··:'':::.-•~[."· 

~·,: \ "i:. .~ ·.,: .• · .. - · ·. ,~ ,... .=,.~, · .-.,.· .. •.· ·,.~· •. : ... ~ ~ ...... ~-~/.:_,· •· •.· ... ~ .. ;/\, --~-'-::-:-. :.:1',1~'~·p· 

Sl •e ot· ~-•t Pa•tiole ■ · · •. t · .. ·::. ·;··,_,. :.,. ·:-:-: , · .. ' •.· .. _.-.;·;. ,· ... , :,.:. --~,(-.,.: ... :..~ -..~•:;i:'.· 
.. Lf'4 6 , ... • t .. 1 • • • , •,· • •• ,- • , • , ", .. t ... j V ;,,._..:,. 

Soparat&d 10 that most tiberi· ·are fro• 20 to ·eo mioron11 long.· -~·. · . : :_.;_ .'. ·:-· .. ::, :~·.: . ..:~ ,.;i( 
. .. . ' ... . ... : .. ' ! ... '. ., . • ·::- .... :" ;.~-: ... ;-<•·;; :~f 

Wn•ral • ;, Renl ta ·· .. · · ,:-._,;•,i 
. •.·· ' ', 

Chry1otll• 1 ·~':-:· 

, ( Thetford) · . ~: · 

' •.. I •ff'•-.•,., • ,... , • .. 'f •• o• •• ' ' o j • • .. ~ 0 ' , '• \ •: •• • •• .. : •::! ,~ii~~;:: 
J "dl ■tlnct tlbrois1-."· Add1t1onai_ tntormat1an glm 'oppo■lte "obryeotile''\,_:i:·i\ 
(tibroua) unheated 1n tabla 1' . .;J•.:.'t.! ..• •: ·" • · ·~· .·.- .. •· ., . •.,"··:·•· .. . , . '' ' .· •,. '• . .. . ,• .· . . : , 
Reaotlon Tirtua1·1r· ldentio~ 111.th that to 1bettord chry•otile. Doth t1- ·: ':/ 
bro11 ■ and aabntoi11 bodle■ 'produced with en ubosto• containing wry ~:;.k 
little iron. 71broda 'oco\lJ'Nd u plug• within tenidnal bronchiole ■ and•·· ~­
•• tiner depol1t11 at· per1pbery;1• P1l:iro1il dnelope4 'betore ubeatolia bo.::· .. '·. 
die• were 1ean and wa1 1n cellular state -nll-torsed at one month. l'l1 th :: ·, '-:~ 
age, tibrou1 tlnu• contracted and oooupl_ed ·-.uer uea but waa more • :.·Y:•t··· 
denH. Adencniatotd change ■ limilar to thoH'·wttl, Thetford ohrytotUe. -~ <•:., ... 
Plwri ay limited to 1Dlllediate Tio1n1 ty ot early reaction about areH ot · '· . : : • 

·· aauhe locG.lhation. ~-,.•beatoall bodie■ tonned but were r..,, ln number •.. ~:.+ .. 
.At. 1 mot~th after 1nject1cm,. a1mite _.fool of mononuolear. pro literation a• ; ·. •\ ~ 

~- •::.· 1•. ·:. bout bronoh!olea and 1D area■ ot. atelectuila at 1-1/2 aonth■, heuy . -:~~-·<"('. 
.,:. · peribroziohiolar patcbea :ot:,tibro•~• 01'te11 with papillary_ projeot10ZJ■ p~r:-.. ~B-~. 

, : ..., . tlall7. olollng luaen ot brocoh1ol•J~ ad81loaatold appearance -.rkedJ oon-: \.'~f:i­
. . · .·:.~ ~ necth• ti ■sue re·aotion · ahand hn"7 oollagea but _no h;yallnhatiari1 ·•~ 2 !:lJ"'.., · 

.. ' . ·. :. ~-- month■, mlnut• toc1 'ot wl,1-matured tibro11 ■ e.bout-br~nohtol_ .. ,· at I 110nth•~l 
: .• ··:., ... ; .mature u"be1to11■ .t1bro■11 with ..S.denoe. ot oontraotlon1 oonaiderabl• ohi'o-,.'-' 

, ~: ... : .... ~ nio pneut1C1111t1 ■ 111 th lntiltratio:a_· ot ~ymphocyt.1 _and ·•oetnoph11H.·· !.'.lt 9 ,;;·\~( 
f · .: . ·.:.!, aonth1, amall, intrabr"onchlolar, ~brou■ ,plug• with t~t:·ot man de~lcate '. >::~:· •· ~ • • . . ti'bro 1 t _. '-- ·, , ,.·. . . •r _.,, . '. :_, : .l• 1 •· • .._.' •• ) . I •• •., •· • 1• ~•·:• .. .,. ....... ~ ·,;. -:... • • • pec-.1.pual"'7e ·, .. •·;a ,.~ •• :.,: .. ,l.~: '"t•lil ..... •• ·-!-·~• .. ···.' ·.>1 ••••.• . :.;:-,"- '-· -·· ,:•-. •.• ,.~ •'.t.' • 

• ••! , .. ,'r ..... . . . . . •·• .... -: ''-':••.:~~•-•·~ ·-~~•, ... • ·,!"· :··. _:. • .• r. ,•··-<",!.)'1:.f-....; ,',•\. • •.• ·• ... ~ ·: . .-·.•,~~·.: 

I Alloaite. ·1ff1oal til,rou ■. ~~.c1o-·:and per1bronoh.lollt1■ with tormatlcm ot atyp1oal ;!,/::/:~· 
.:, ~- aabe■to■ t • 'bod!~•~~-- JJcutrat!cm .o~ l>odlea began betore. ,th month atter . •r<J..Ji; 

! . ·- 1Djeot1on, .. ll~loped by 8th 11m1th. :_ Jodlea pera1■t atter 12th 111011th~:-~,X.+-
.. _ ,: • -~-,~: -.· :- . 1 Beaotlon a\~1 amtJQlen7_:endo•. and_ peribronoh1ollt1 ■ alread7'ahowinc tl~:.\i,-~< 
•· . • ... ·.:. brou• ohnnge•J at"'teotada aud tibrod■ with acme neoro■i■ at al~ ot .. aa•.;.•.i.·,~ 

. ".·;.~ ." .< .. : ;;.: : ahe looaU&&tlOD ot ~ust.? .At, aontha,·,.hea"fJ',··~ctely-acattend en~-_;:&;~;e.: 
I. . _::. -· i·;~~~ .... ---~~' .: :::: :~b:n:~!!!;!id ll:;pe~.:::.:~~:he -=~~~~/lor:!~h:;: !!:=1:··~~~ 

-~ .. ·_': , lung e11ant1ally 1:1- ••• u at C ■onth■• · At: 12 'month•;·' teal ot _tibrou■ :_·}i)"f ~ 

I -··· . · ·? ·· ' .. ;;_~ado• and per1bronoh1ol1t1 ■: lltill .larg• with ■ore dense ·•car, thaue an4 .... ·_:•ii: 
, ... '. ·: aare detondty ot brcmchial · tub$■ but no ,exten ■icm into, or atelectaah-: .... /;:" 

ot -ripheral -i-tinohv.•. · · · ··· -··" , · - •·· -. · · · • --.: .. ~ ' •· ~ ·· -(,_,. , r- . r- .. .1--. . ~ · • · .. • . , · · · \ •· -~ \ •.. . .. tt. · · ·'"·~ ~ · t • • ~;t 
Acmmced tlbrou■ endo~·· and perlhranchiolith. ~.-Beaded ube■toih 'bodiH : ~/·~ 
noted at 8 month■• At 1 month, .. rly tlbrou• endo- and per1bro11ohlol1 tt■,1;.~- ~ 
-.ny giant oelle and ■onie pl1Jap1aooJt1o. reaction. At _t 11onth11, mall aN&• ·/.~; 
. o; .. en4obronch1ol1 th ■oa~tered 1;Ju-ough011t ~th• )unga. cellular _!2,~~o•!_•..:•·,:_;,,~~2.:. 

/,:: ...,::;.~•; •_;; __ :· At • and 12 month•, &rHII ot brc,110htolitb ·••ll•r beoauH ~t oont!'"11a- . .!. . ; 
.... , l ~-,,. 

1 
ttaa Cjr dm•• acar tt ••. , ... a+,. ___ .. L_ ---•--~,. • •• 
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~o~N.ber -~ 
3 mioront and 

.. 1 ... 

two nekl apart. 

Result• 
' •..• 6.. ' ... 

A·_dhtimt t1brod~/- .. Reter to chry1ot1le (fibrous) 1.Dl-
heated ID table 1' • . ~-- : .,-... . . · 

··.;. 
1
-' • .-•.:.·.,. ;..,.J· ••. ·t .--: !::_· ..... : .. • ·c- -

llo · t1bron■• · ~•hr to ohr710ttle (ball~ljed} unhu.ted 
1n table · H. :\ · ·:', . · .: : ~-, · • .. -·-_. . ~.:.' .-/~ ~:::: :.r ..::·: -~ ~'>. ~- .· ~ . · . 

~- ·'..:•... .. ·:: : ;..-~~~ ~tr!:::on■ Tni.e~~i:~:•,·~d -~"-~~~chioliti• ... Reter to table 16. 
Amoaite ... ; _;J': _. ., • , :--~-:._,··; .i:•- ·;.:.; : . .-. _: . ~ ·: • • _: . .. 

'·;.-~ • , .. , ·.-· ·· Short-fiber .. Reaction 11.mited to pha&oo)'toala •1th lymp;Jytto 1nf1ltra­·{t >. ~.\~.X~~-· ..... ::· 20 micron■ and tlon ot adjacent ~l•.· .. Short tibera paclce ind!!e nollen 

.. 
':': ....... ~~-~-~--~.:":.:·· :::_;~, le■- phagocytHJ longer OZlH tree, SOIDO coated tona typ1oal 

, - • = • aaboatosh bodiH. ·: At i 110:nth a!'hr injection, aheoU oon 
·.-.:~.-- .... ·;_.:_,:·{:~\ .. -.· .. ·~L ··_,..,·.''.••;·. ~- · tuned cood_-dse4 11an~ oellaJ most phagooytu ware within 

...... ,. _ ... ~ .·•. •· · &11" 1pace1 'azad had'.Zlot·iaJ.grated tu wall•. J.t 4 month,, tree 
·;.. · -.· ~ (·.: :· ; -· :, '-.t .-·, ·., extraoellulaz- t1b•r• had worked t.hemael VH inti) 1nterat1-
., , •1 •. _;' ~·- .:'.. ,- .'.. • t1a1· tilrnw ~ere there n• extendn proliter.tiou ot 

.: :_.~. · .. ·~.- . ··: • .. . ., lymphoid oell• and 1:10:aoo:,tu but no tibro ■la. 1\ B month•~ 

'
. •.,.•.· ... -.ti.:.!,;_;~:., -.~-.t. : : i., _._. torelgn body:rea~t,1~ 111th aome pneumanith, 110 bronchio• 

• - - '~• 11th •• ·4ryp1oal,;.•~boitol11 bodie■ preeont. 
- . :f;::~ --------.--------+-·----------------------------\~t 

· :,. ... Croc1dol1 te _ ~ Lang-t1ber ·1 Advanced t1brou~ eado- and p erl bronch1ol1 th. Rotor to 
- .. , ... : (BoUTia), \:· ,20-sq micron.a ... table u.:-?1 . i : ~ -.♦ .~ ••• > - -· .- . :. · .. 

-- };~.: \_\.·~'.(t;~:::_:; !Sho~~~b•r·- ·: •o·:·~br~:·;:} · ~i ;\~th/~;: spo~o~ ooffii>;~ .. ed .. an~ largely 
: __ •:. ,.:·~.. , • 20 111orona and tilled 111 th giant cell• packed 111 th duat nHdlo ■• 1\'alla · 

·• ~ ... :_.: j .:~ ... · · · len hoaT1ly 1~t1ltratod with monooytoa and lymphoi,\ c•ll•. At 
• > • '"' ~,-•• _. ... : : , • -.. · ·' • • .f. 11onth■., ··• moderate degree or cellular 1ntllti-at1on or 

J (_:;_;:_~_::_;:_l_~.--·~,-.:::,-,·.:•.':::'._~.·_··;·~-:.:_.,·.::._·, :: :•t 7. . ~:~{!h:t~:~:::::re~:1!~ ~:::~:!:!;=:;!:=~~! l 
:•:::..'-. : _ lllaller on•• "1dely .■ca.ttered 1n t•nn1nal air apacos. lhti:-1 /\ . ., ·', · ·: erou1 a1beatod1 bodies. No reaction ln connectl ve tisauo. 

·"; .' .. ·• ·· .~:.i ~ :···: -:~ · , r.o endobronehlal proUtnraticm. At 12 month•, many acat-'i\ r.:<-:i ·.•, ·" · · tered 1mall monocytea r.,rlt11d w1.th duet. No enrtobronchlt11. 
l ,~:: .. :f_::··:):.·.:;;:_ ··-•·· ... :: ~~~:~~~ n~roah. __ rn lyr.,ph node, a slight roticulo:do; 
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I 
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' 

, .... ,mp1100i .. ;.o 1nruc.ratlor. acJ r.l-,,t. cell• but no detinlt.­
! t1br-0'111. Rerer to table 16. 

• 'No r1bro 11.a ancl praotlcal ly no ube■toah l,odloa. At l 

l
• month,- r,,cal collectlona or dud,-fllled monocyi.es anc! a r. 

gin.ot Ottll ■ J at 4 IAOlltha, aoillO adonCJI:1Atoid o;itholial rc,­
f aotionJ nt 8 11onthe, limplo pno-m1onitia with phagooytoah 

· or ahort-•fiboraa at 12 months, \aolatod and ah.nrply loccl,. I hed oolleotioaa ot dust c•ll• lndde alr 1paeo1 about to. 
I minal artoriole1. Reaction in ""all• lWtod to lyzphold 
I cell inf'1ltrat10ll. No fibroaie. Iu lymp~ 11.Qde, roact1on ! 11lll1.ted to ,light promlnenoe or reticulum. 1 
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Ir . 

I 

• • • : ·,.· !·· • ....... ~:1'"'9 .... ,•. :: . -~-~- ,, .. _..' ... ~ .. : ·, . . . . ~ · .• •_· L'1 11ert mineral. ObHrvationa made at s.· Ii 12.e:nd ·24 ilontha;.'. Onli ftgguticm ot: .. _·'_ j;5,. rte~ 1n "pleon and l~ph no&91,·but not th• linr,·ot_t_he ·24-month rabbit. _In th.ia m1-·_ . ~ 'i.1011 of z:ononuo~ and g1mt oell• that wa• not,pr~Hnl 1n etthv sple.a.ar lymph node-'~•<:-; er.os c.t aotocia~•d fibrobluth reaction in theae organ• and_or my change in th9 liTer·: ,- ,~, rtHr·i;tlon or an\h.opb¥1Ute •• an inert eillcate._ ... lo t1bera nr• retained in luz:ig to.·. :·. • h 'i · 1d d 1 · .. • .• 1.--· · · • ·' ,. ., • · : ... ;'• ·• . •·, · -, · ,: . ,.:• •·. 
~I -~.Q ~- 'ViOU eTe op. - "" .• !i . .l.·, . ,., , ..•. •· ••u·~ •. · · ,: ··. • .• · ,_._ ·• •·. "" .. ,.... loo{.. • ;. ·" ! · .:~•< ! .... •t · :,i / .. ~ ·· •· ·'": ... ., ... :;;~_..,•" .: •.; · .. :. r. · . \ ·::. : · •·-=-~ ~ . :: 

1
f_: . 

h.ert mir.eral. · Laat 
~•rlier (at 3, 6 and 

. . 1,. animal· ~~~rltic.ed ah;,_~-:.~··'i1t~1.; :•p;~·11r.;.;,:;i~ ~cl lymphooytio ~- ~: ;·~ 
12 aionth■). J' o __ ni denc~. of'_ any. a_oti Ti t7 in · lea! ona . in other . -.. ,, . ..i{ 

·: '=· ;_1·• --/ •. ;:.:~t~~~ :t·r .. \/\>· .< .. --~2: ;--•---· --. : .~ \._: ~, ... ~,_./_ .. ~ -. -, · --· .. ,:· . . -. :_';,, ... . • • .•• '::"rt~ ,.. ·~. . . .... ••. : • . .; .•• r. vHh 110 crum,e 1n H 11011t'h•-.: . 0ba~1;1ona mad• __ at. sr e, 12 ·and 2-1· mtmth•• . . . , . .-

./ • - - :;.; 1Y·:: . . . _,: ::: ~:-::::;: } 1it if 1i ~tI)i}_:; ;'.A~~~;\;-:-:· -.,/:·:){i:'~{~l" 
: .. :•. \ ' -·~ ... :.·;1 ~-··· ·,, • :.: J. ,I~,· 

. ;,. 
·. :., 

•••• t ·.· 
' -

- ._ ........ ·. .. .. ......... · .. 
,. t 

,. .:,. :, ._::: .· - .. 
• . . ""' . • ' ·' j :~ .... ;. ....... . 

- . ·. • . I .. .. 
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• • • 
• • 

··- ~·: ... ·.,_,t-.,·.·, .. ·,:',...; .• ~ .. ·: .. . • .. ,•:!.:· 
~ ·,· · ' ChrJ'•ot11• : . I mioron• and le H 

.· (?hetf'ord)': : :>~('ball...S.lledt ."-: 
-~ :· i::~: · ~.:.•,•: ·r: · ··~·~·.192 hour■) :- •. .:. ~< :: ·~'.if ~?I( .W'.; /0!' :C\ \ ";.' ;_:::, 

·•f '; ,.•~ • • ,•,;,_ ••:r •, •''It.~.' :r, •• •:,-;.••, • ~ ":, 
· ._.: Jao■lte :'/,~~ · ·.-.~ S Jlioron•-and leu 

-: _·:_.. •;~ -;',~:tt\ <: ~- ,:~:·_(ground in · ' ., --~- · 
r -~ .. •-·. •;•!, ·, ! · ... • agate mortar)· . . . ' .. ( .. ,: .· .. : .. · ::· ~-- . 

. ........ :· ... ·' 

5.rabblt■ 

' 
J ; •• 4.·.: 
. i. ' • ,•; : t. 

nurnnl 
.Arter l.aat 

!njeot.ion 
month■ 

17 
• 4 ••• 

SUlQU·.RI OF INJECTION IH"f:"."1.1''-'~ · 

I 

The rabbitl did not tclorid.;: 
1njeot1on• or eveu 1l1ln~ed , 
ponlion { 69 day ■ a!t.!'r Ura.! 
1;_.leen and hmg11. iro t~rn"': 
di.aooTered but 11ate,·hl 1'!11.'Y 

Adnnoed pul.mono.ry lnl•ecu,r 
d .. ,r,t1on ot ~orilll~t •~ ~~ < 
only inert phazocyt:>sla ,rtt.l 

tho ••• although toz~l ~Cl ,· . ·:- .. - .. .... :· 

;,~ .: i.,: .. ·. ---------t-----------...... -----~-------1...---------------
,:, · ·. · .. :. Cro~1d~lf ~· . i 
r_·_y:.?rt-; 
. . .-.~: ·. .:~ .. 

. 
3 miorona and leH 
. (gro\.md 1D . ~ 
. / agate sartar). . 

• ' • • t. : •• • - .. :. ' .,: .. ~; . ,. 

-& rabblt1 

· .. , .. 
: ·I 

... •-· 

nt-iaot1ou wn.a that t:, r.n hw 
Simple phagocytoail .,or r,ut 
duet to daoa ot 3 ·tdcro~• 
arnnbled platea rath-.r tbl!:2 · 

' I I! ' 
I --------+------------+------+-------+---·----------·-

. . . . •,._ .. -.. · ...... , . 
, .· ·: .. 1'romo11t• 
-' ~ ·.:.. ~ ~. ( ■oda-1.ron) 

~ :}-.,~:. -:_:::-?:~;:,t f!'l.I\t _; 

I moron• and 1-■• 
. (ball-milled ... , . 
;.-.·uoo hour•) ~1·. 

' . 

···-•.· .. 

1 

3 moron■ and leH 
. (ball-milled ,.,..·-... _. 

· :: · HO hour■) , . ··· ;:; 
. -:~·- . ..-. ~~ .. '!~' 

4 rabbit■ 

' ... : ' -~ 
S alorona and ·i.u 
;··(ball-milled 
· .;-... 48 boura) -. _T 
.. t: • •• 

.. . . . 

• rabbit■ 

24 Rc11ctlon Hleri. tiallr t~t; t').' 
lrrltatlng proport1,H ~lt', 
1ul t.'here had been 'j'l'1'lit'._l", 
or 12-month ar.l.mal., ·11u: ,.1,, 
oondi tio11 ju■tl th■ \th• eil•, 
docon1trate whotber•~clh:11r,. 

Rt:aotion es1eotiall1 thr..t -o.· 
1nf1ltrat;cn fo liTtJl"_, .~ot· I 

organ■ ~ •. · · · · ·. l · ·:- • -..;: ·. 
• • ~ ~, • , :_. f ~ r "~" ~~•· • 

I 
. I 

l 
I 
I 

-
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~- i It'll ~ITOMEJ.L TEa!NIQUB 

[11 
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Ill 

• • • • 

. . ., . . 
•t ctwst ausper,daa. · Total amount c..C .,u~~ lnjected • O~Z gram. 

r : ; ., .... • 

-----------------------------------------. .., f 

! tnt.:rpretation. Du.st re&cti~· 'app;·~~d·: to 'b~ ·o/~.rt tn• and llmited to phagoc~o-·· ·.f/l 
nay t.o lymphccyt1c uitiltro.ticm. Obterntiana at 1, 4 1 B. and 12 month,. . .. · .. ·. ·-~ · .. •~.:•,'· 

.. . . ' . \ '.: .. . ,·:·· .. ~:· .. :~ .• · ..... ~ ~>' • .. ~··::._. ·. ..... , .. ~ . ~- .... . •' -~----------------------------------------- .... ~'}·.; . •• · .. , :r: ·;,-·:. ". ~ . . 
r liu·g• monO'tluclear and giant phagooytea ·au.rroundecl by a minimum amo\Dlt or cellular. · .. 't 
:~j..t~'tod du.-t contained not 011ly tln•. material that 1n grinding had been mashed into' . .'•!tt, 
,~;y long ■piculea 10 m1 cron1 or more 1n length.·: l'o cubeato et.• bodie a aeen al though · -~··.!, 

ro~ •lightly swollen and uee:11lh. ' Obaonatlou·at 1,· 4, 8 and 12 JSOnth■• . _ : • 
,· •. ·.i }.:-.-•,:::/\ :.r:~;~· .. :,,., ... : ··. · .. .")( --------------------------------------------

, od y reaction. -\·early o.oi111ab. (1, .,_-a1l\fa·~~-~{f\,~~-or·'monooyt~a ~nd mall.·g!.ant 
r.oc,·oeh. In the 4-month animal there waa ·a110 alight 'peripheral tibroail~ At 12 and 

: .. , ~QUI or monocytea elld ciant o•ll•J no· tlbro ■h~ ~ ':·,,·· .:; ; · . , . . · ~ . <. · ·. -~ 
• •• .,.·• '; • • - • 1 • ··" 

• '"' • . ... ,, "· • ..1 • - • • ... 

ot' wry larr;e giant oella aurroun_ded by·-~ minble)rui:iber :or lymphoey-1:••~ ·•••··me~·_.:_ 
ll.:.alJy long fibora than to the tin• duet 1p the experime12t abo'fe. TMr• wu more or 
·o!)lute producing cellulu oonnect1ve tluue 'rlaible in· areu when the quant1ty·ot 
10 c,·eat that i~obaorued the reaction~. _O'bHnation• at 11 '• 8 and 12 manth.. ··.'; ·• .... 

:': ... :-, .... · •. :_.:,.:.;_._,,_. ,:~._.;:,,:./::,•.-.:::::; . ::·.-·. ;i.·_ .. . , _;.:_:~: :··.~·#\. __________________________________________ ....... .; ·~ 

.r progroaeini; beyond the 
• ntroah. Observations 

~ ...... -, .:·:.," •• • ••• •• t• .:- ~~ .. •. - _...,';'\_\ 

1tage or nry alight lymphocytio· reaction about-·massea ot · . ~.:~ ~ 
at 1, t, 8 and 12 ■onth1 •.. i •-:~. ~ •" ·. ·~:. ·. · ··: ._ ... .:. ~-~- ~ -~:"~~.... , ·. -.. '~.• ... : : .•{t>: . . : ( ; ~· .' . : · : ·: ~.. ~ ·., 1: · ~ .:.. ; . · f ~ --------------------------, -. -.-.--------------- •.: ~ 

... .. :~ . ~ . : . . : . . . , .· , ·-.. , ... · ~-·· ~ 

.r;n-lody type or roaot1on. lo tibro ■la. ObHnatlon11 at 1, ,, aJ-, 12 anS 18 wiontha. ,; ·· 

- :. :--. ·; : . ; ·? ~ ~- . ~---/\/ :.:_:->it.~:~.:-:: -: --~:; . . ... , ' ... ·;·.:: ;;, : ..... ·~ ~:· · · 1 -~ .'. i } 

---------------------------------------- ·'•· .. 
- ,f!uud by •n~op~lllte and tib;oua ·p~op~1iite ·w1th;-~b~e~ent r~grea~~-, cry~~~ 

1 
;.:· "/ 

-ouy.outl At 1 mcnth., gi11.11t cell• about long thick ·•p1lntera1 at 4 aontha, detlnit• -~: · .. :. 
11• ot anthophylli~• and tibroua pyrophylUte reaction, at 8 11anth1, 1'1.broah wbioh •.::.: · 

,.. - rocaed, e1peoial 17 with tibroua p)'J'Ophylllte.· :·At lZ months., reaotion to all three; ·;-. .. ~· ~ :· 
bodJ giant oGlla with l.yllphocytH but without n11eroah or tibro•la •. lo a ■beatoda - ·~ ·.: · 

• • , I ' 
~ . .. .., :: .~,.. . I t • '• :·• J . :. •, 

'

·, "" ... . : .. '. . ·,.•· •, _,·/~~i;" .. ~ .... 
. ·::· ____ .,· •• - ,1 • 

. uat auapanalon. · .·.:•v. ~ ••. ·_ ·-. -,- . : • ·• ':- ~- •. t.: -
. •, ,.. -,~ •t .• ~ -. • •i I•, ;,. ,_.,.- "-lo • ':.s t ••• , ..... ~,l" ; • •- .l. ·: .. . . . . .. ; . ·_ . ~· : '": . 

• .. 
• .. 

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
ACL Doc 13192 · Page 70 of 95

Published by AsbestosClaims.Law

asbestosclaims.law/library/13192/70

https://asbestosclaims.law/library/13192/70


CRMC-Motley1000-Subj-000671

-• C 
II 

• f 

• • 

. ' 
'I • · 1 
' • 

• 
1 

.. 
I alcrona and leHJ 
alto ■Cff.e lODg .. ,. 
11pioul•• I: • 
~ ,(grOUDd 1D a&ate 
'.IIIOl"ta.r) : 

~: ,~ . . .. : 
~: ., ,. :pig•. . .. 
:-.~~:. . . 

2 

t!o tlbrosh nor ·••barnsi 
1:1onth1 attei,·1nj eat1ct1 rt 
aontnmil:Ant. lo rnotS or, 
0baernt1on1 mad• at inter 

Dotin1te i'1brou1 roaot1co 
unusually amall.' fro evidE 

I 

• I 

Infection inter! erod ui tl 
■1■ with a moder'ate ter.ul( 

.. ;.· 

Dust tool oonsh~ ouly , 
oonnectivo thsu ~. 'Ole 
irregular p la. tes but: aho 
the longer upiou lH tap,!lf' 

. ..' ., ··• .. . :. 
26 I Eucnt1ally tnerli torelrr" 

j cell• and a little oontra 
1 25 aonth1, uon-pl:roueeai 

Jnthophylllte .· 
. . ~- . . -: .. '~- . . .. 

' ... :,I 

3 aicron■ and l•H •. 
· ( bal 1-milledJ 
·• 1~00 hour■) .. :7, · 

6 ,. pig• 
•, I 

·· · ~ Anc.b~phylUte l 110~~1;: 3 m1~ron ■ and 6 g. pig~_. 12 ! Reaction, whl.ch .\,or.date 
•(originall7 ' loHJ eo:e tiber■ 30 .. • . . _ i heavier to thoae ur.1ut4'd 

lAbeledplo) JDioron• or more _long ·• · · >J ·- j le11 prolH'erat1 on of tl 
'.. .. • • :~ .. ·-: . ~ground in aga~ ,--~ :: , : roreigu partiolo•, wa• not 

:' !. • ' ·'• •' :.· mortar) . . .".. ··t i • , 
.• '. -------~---------~-----...... -----,·-------------l I 

I - I 

l Inert type or relp<JnH ~ 
I dust-fillod pha~-~o.rt••• . 

Trnollt~ :.: /.- .. ::_ 1\doron■ end le■• . 6 g. pig• '1 .··. 12 

. • .. 
( aod~-1ro~) ~ (b

16
a1hl-m1ll) eel) ·, ·' !:: ,. .; 

·· ,, · •· our■ ·•· -------~---------+-------------------------
· ···-~··, Tr•olite. ··; ;.·. 

( aoda). · :,~. ··. · 
3 ~oron, ~d 1 ... :-.. · "S ,. pigs I 

(bo.11-mllled. . · !'. , - , • 
'' 48 houra) · ~ 

18 

. 
' f . · f I I · · .. · 

· klthophyll1t• j 1~ micron• and le1■ 6 g. pigs t 12 ! Diatlnot early t'1,'bro11h i ______ _.,. _______________ _.,., ____ __,.;! line pyrophyllit~ turt · 
.. Pyro~lllt•. l 100 mioron■ mJd l.•H . 6 g. pig• I 12 i f1bros1a rn;,lacirt, c:ta:it 

lt'1 ous) · a , f j started at 4 con~a had _________________ ..,.. ____________ du1t1 OCDliated ~r toi-e1 

't;;~!m:.) 1100 micrm• "'.'d ~ ~• , 6 ~•. p~g• I - 12 : bodleo. _: ~ , e ~ 
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Si02 

Fez03 

1-·e0 

Al203 

CaO 

lfgO 

K20 

Ignition (<lOS•c. 
( 

Loa■ (>l06•c. 

.. .i 

TABLE 19 

A?;ALYSES OF Finnous lfllH.ilALS 

I j · - - I Antho-
1

\ I Croci- I 
i A:::011} to : Am~hibole phylli te Bruoite Chrysotile I dolite , Trc:nolite 
! pt·r oant per oer.t ' per _cent per coot per cent per oent; per cent 

I . 

1.69 

12.22 

23. 29 

0.43 
I 

0.20 I 0.12.--I 

\ o.sz 

1~ 
f s9.77 

' -- -
I 

59.80 

o.s1 

o.:sz 

o.« 

33.ST 

o.s2 

0.1s 

0.21 

,.os 

g9.s2 

0.90 

0.(6 

o.o« 

0.16 

~s 

99. 79 

38.56 

0.29 

o.ca 

10.21 

o.so 

12.25 
I· 
: 6.92 
I 
C 

I 5 I O. 7 
I 
I 

j 0.02 

99.eS 

66.20 

0.5G 

0.09 

2:1! 
99.82 
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Hg. 1 - IlUJM.n aaboatoat1 (r-36-144). The photo­
micrograph reveals a bronchiole (riGfi; 
conter) with a smooth muscle bundle at 1t1 
interior margin and with an extensive zone 
of collagen depo11t1on largely obliterating 
the IW'rounding alvoolnr structure. The 
black foci aro maorophagea containing in­
cidental plpnent. Aebe1t01i1 bodioa are 
pro1ent but are not apparent at thh 
Nr;n1fioat1on. (200 X) 
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I 

Fi&• 2 - tlumnn ubeatoeil bodies. Thia collec­
tion or aaboato1ia bodies waa round in 
tho lunr; ehown in rig. 1. The, uaual 
variation ■ in 11ze and configuration 
are repreaented. (400 X) 

' . 
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Fig.~ - Guinea pig aeboatoaia body. Thia body 
1a eim.llar to some or thoao ehown in 
t1g. 2 ( 400 X) 
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F'if~. 4 - King' 1 tloats inhalation experin,ent. 
Guinea pi~ with 12 months' Oxt)OIUrO• 
The figure includes a res~iratory 
bronchiole, at loft, bro.nching and be­
coming nn alveolar duct, at rli:ht. 
Note the accumulation or coll• in the 
wull or tho bronchiole ar.d in adjaoont 
alveoli. (130 I) 
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n~. 6 • JUng • s tloo.te inhalation experiJnent. 
Guinea pig with 28 months' expouure. 
The field inoludee a bronohiole, at 
center, with poribronchial fibrosis 
extending into the wall• or adjao~nt 
alveoli. }!ote the cuboidal epithe­
lium linln& these qlveoli. Thi• i• 
the ao-oalled "adenomatoid" appear­
Dnoo. ( 200 X) 
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Hg. B • Y.ing' ■ floats inhalation experiment. 
Cuinea pig with 6 montha' dust expo• 
sure and then 1n normal air 35 nontha. 
Tho roact1on is rathor slight, but dis­
tinct tibr0111 1• prooont. Noto that 
28 11ontha ot continuous e~oaure (tlg. 
6) produces much moro extonaivo roac- · 
t1on. (200 X) 
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Fi~.? - King'• tloota inhalntion experi:c:ont. 
Guinoa pig with 9 montha' dust expo• 
sure and then in normal air 57 months. 
The reaction llhown 1• tnaro than that 
in fig. 6 but much less than the reac­
tion in ttg. 5. (200 X) 

.._•-<"!°, ,. ... ~ .: • ~ ... ) ~- ~ :..~ _,;:: : ~ .. ~ ~: : 4 
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Hg. 8 - Y.ing' 1 flont• inhalation experir .. ont. 
Ouinea pie infectod with n1 tubercle 
bacilli and thon expo11ed to duat tor 2•1 
months. A bronchiole is ahmm just above 
oentor • It 1a IIW'rounded by ao-:1e colla• 
gen deposition together with typical 
epltheliold cell Wiltrotioa or tho wall. Note tho lack ot encapsulation and tho 
periphoral epithelioid cell pnoumonie, 
whioh Uluatrate a s1>roading tuborouloua 
prooeae. (200 X) 

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
ACL Doc 13192 · Page 80 of 95

Published by AsbestosClaims.Law

asbestosclaims.law/library/13192/80

https://asbestosclaims.law/library/13192/80


CRMC-Motley1000-Subj-000681

- IIIIL. 

--~ 

Ill 

• • • ' • • • 
C 
·I • .. 

.,_/ 

I 

. •·' 

1 

I 

I 

l· 1t;. O - tang'• floata inhAhtion e.xt>orir.ient. 

' . 

Guinea pig infected with I,1 tuLurclo 
bacilli and then ex?~eed to duut tor 
35 month■• Note tho subpleural dis• 
tinctly-oncnpoulated oneoou■ rocuo, 
the calcification at tho right borcer 
ot the lesion and the absance or cell■ 
in adjacent alveoli, all or which 11• 
lu1trnte a healint tuberculous proce••• 
( 200 1.) 

•• ~----...J- ~ .;,,-¥ __ • - • 
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n~. 10 - Ball-mlled ube1toe inhnlo.tiou ox,>eri­
mont. Cu1Ma pig with ?.( contha' Just 
expoauro. J.. bronchiole h eho.m at the 
center, with only a ulight accumulation 
or phacocytic oelle but without tho for­
mation or collagen. (200 X) 
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Flg. 11 - Ball-milled u1buto1 inhalation expa-1-
ment. Culnoa pi~ with 28 montha' dust 
exposure and then in normal air 12 months. 
'lbe rE>actlon 1 s much like that 1het,n in 
tlg. 10, but there 11 a ■light deposition 
ot collagen, most apparent at the lert • 
( 200 X) , 'I: r·, i \~ . ~ 1 _._:, "i . 
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Fig. 12 - Lon~-f1ber aabeetos inhnlation expori­
•nt. Ouinaa pig with 8 month•' dust 
exposuro. The brcnchiole, at center, 
already a how• en accumulation or phago_­
oytio colls, with alight colla~en depo• 
•itit>n. Compare wi-th fig. 101 ahowinr; 
the reaction to ball-milled a1be1to1 
atter 24 month■• (200 l) 
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Fig. 13 • Lon&-riber asbestos inhnlAtion experi• 
ment. Guinea pi& with 16 months' duut 
oxpooure. Again n~te a bronchiole with 
ita surrounding reaction oonaiating ot 
fibrosis and adenomatoid chance. Col­
laten de!ioaition h now aoen 1n the wall• 
ot adjacent al~eoli, at right. (200 X) 
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ng. U - Lonr.-!'lbt'r ube1tos iriholation experi• ment. Cu1r.ea pi& with~~ months' dust •~oaure. A bronchiole 11 at lower cen• ter, tho largt aroa above it repreaenta tho lnvolver.iont or alveolar wall•• Com­pare ~it~ rti. 13 •~d n~te the lncrca1ed extent or roaotton. (200 X) _ ·:-- __ -. , .. : .. 
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1-'ig. 15 - Long-tibor a1be1to1 1nhalntion experi­
ment. Guinem pig ,1th 20 month•• dust 
exposure and then 14 months ln normal air. 
The reaction 11 e11ontially like that ah01111 
ln tig. 131 the bronchiole at right center 
ii 1urrounded by tibrosia with adenomatoid 
change at the right. There la re1iduol 
acarring in the walls ot adjacent alveoli 
at the hrt. It ls apparent that no pro­
gre13ion hna occurred. (200 X) 
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- Lon&-ribor aabo•tos inhalGtion experi• 
ment. Cat w1 th 42 month•' dust exposure. 
Two bronchiole■ are ■hown w1 th adjacent 
cellular reGction and collagon de~o■ition. 
(200 X) 
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17 - Lonc-rtber ••boatoa 1nJootton •>;,or1-
1Qr,t, GU.1nea pig 1nJootod 1ntratra­
•h•ally, 4 mon1:1io •f'ter 1nJectton, "oto 
t!ia P•rtbronc1i101or •••-l•tton or ••lla - - -' -
"1th collagen dopoaition, l'ho bronah1ole 
chiefly inobod 1a in the lllldat or the , __ ._ , ""••tton, ( <Co l) . ,,_ :, , -

:.~,') .:,_, • • :,.h-;: ;,:•; :' .. :~ ~'!' • •r• 
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Fit. 18 • Dall-milled aabesto1 injection oxperl• 
ment. Guinen pi& injected intratracheollyJ 
4 months after injection. A bronchiolo ie 
ehmm at the right, In contrast with N.~. 
171 note th4t only a rem cell• have aooumu­
lated about tho bronchiole end that colla­
gen depodtlon 1a obaent. ( 200 X) 
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1-'ig. l~ • S.rpontine injection experi1nont. 
Guin~• pig injected intratracheally1 
4 manth• atter injection. A bron­
ahiole 1• ■hawn at left ce11ter. The 
phagocytio cell ■ exhibit little pre­
dilection tor the bronchiole and col­
lagen deposition 11 ab•ent. (200 X) 
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1-'l ,. 20 - ADlosi to injeotion experitnont. Guin ea 
pig injeoted intratracheallyJ 4 month■ 
arter injection. ~'h• inflGmffifttory re­
action exhibit• pronounced acclDDulation 
ot oelle and oollor,en de~01ition. (200 t) 
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r'.i.c. ~l - Crocidoll te lnjoction e:<p~rir..ent. 

,. ' ,· 

CuinQa pib 1.njecteJ introtrnchcally; 
-1 :no:r~l1s nt't.or injoctlon. ,\s 1n r1g. 
20, i,oribronchiolu,· accwoulnUon or 
coll& r.nd dcpooi tinn or oollngen are 
11howu. ( 200 X) ,!. :: : •• 
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He. 22 - ilruoito 1nject1® expor1wut. Guinea 

pig injeotcJ intratrachoal 1.v 1 4 aontl,1 

arter lnJeotion. Enn. with thie nOl!• 

1ilioe~us fibrous minoral there 1a peri• 

br'1"1ch1olar accumultltiori or coll, a1xl 

cles,0111 tiou or coll.:1gen 1Wlur to th&t 

ehown in figs. 20 and 21. ( 200 X) -,. ._ .. 
·~ ...-:,- .. ~ ... -.~ 
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:?3 - Cibss '.Tl)ol injection expnrb1cnt. Cuinoa 
p1: injected lntrctrnchcsllj; 4 Jn0nt!1s 
Ai'tor ir:joction. 'I\10 bronchiolea arn 
shown, or.e 1n cron::s ao,tlon nnd tho ot},or 
in lcnGitudinal cection. Dolow the la.tter 
ls o thick-\1Ulled blo~d v-,a~ol. Tho 
bronchioles ere without reaction r.nd oan 
be considereu normal tor compar11on with 
other tigureo. Cla11 wool tibor■ are pre­
■ont in thi • tleld but cannot be Hen at 

.. thi■ magntrlcation. ( 200 X) 

Vorwald, Durkan and Pratt, Experimental Studies of Asbestosis (1950)
ACL Doc 13192 · Page 95 of 95

Published by AsbestosClaims.Law

asbestosclaims.law/library/13192/95

https://asbestosclaims.law/library/13192/95

