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i.::;:>o-:-ta.,t !actors gcverni..""l5 the capaci t:, of a rti.neral to p:-~dilce pe:-ibronch.:..::: 

!'ib:-osis. 

181. 
! 

.t:?e~a,~ er 

is little re.action to particles lzrrre:- than .3 z.c:-or..s in d" r.,.•r..t~:-. In the cz 

. 
a...'V' specific er.rect. This is conf'i.r.:lec. by the c!ata cf Table 21: i."l "Frhl.ch a : 

cc:-..s:..ste: · 

82. 

/ 

q-.:a:-tz in tbei!-- actio:i on tissu.e. has bee.~ repat.te~l;:- C:e::::r-..str~ted "t-?-..a.: 

veno":lS injection o~ quz...-tz pa...-ticlez 3 Eicrcns an:. :.e::s in e~ v·£te:- ~, ") c. 

trrd-cc!. tissue reaction ":tit':1 the de7elop::::.ent of .fibrosis i.:::l e::;;:t:-zp"·:-... :-..E.:7 

su~ as the liver a..Tld splee~. 
,:: . get a 1 17 procface only an i!le:-t type o! reaction, as is revealed b;r the re. 

... 
gi-'9 ... 1 in ·the table. The rea.scn ro:- the early ce&.ths in t!ls e:x-.....e:-il::!!:::t ~ t. 

• l 

tile particles is not c1ear,; it ~y he:;-e been 

the finel.,Y'-{;I"OU."'ld mineral. 

b;r silicic a.ha li':>e:-. 
\; 
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l 
' 

giv• iI: T~le 23 • .. :tt .,ri..ll be not9d that the J.ong-i'ib:>..r c;usts µ-~ce:i ~ !'ib:-ous 

:-ea:~=-:; while dusts co:tpOSed. of particles 3 mc:-0:"1.S a..~ less i::i. ·siae ~sed cr..ly 

I 
£n ii.&.?rt .t.ype cf respor.sa. Tb&se e:periments ~c~.:.s uso t~t t:ie !ib::-osis 

; ... ~ tinted b7 the irrit.&tion o! asbestos fibers is not restricted to t.ha lQgs, 

as ira.s .forne.:-l;r asS""'-.med~ b"t;.t Cal'l be produca~ in the peri tc:1e-.ri as ~ell. 

IJ.i..2-!..\" • 

... ., 
c:-,. 

t::-onchioli.t:.s T.U becor:.ing !ib:-o""JS. 

B6. Fo:-:r.ation c! Asbestoeis Bcdi~s. 

t:;:'":-.e iron i.?i the coatir-..g of the £-~best.o~is b:::-::y e.:;;;,~=:...-s t:> ~ e d-e:-~ ve5 m~ 
fi-

bl.crl. or tissue els!:ents 2:1d ~t, as 'h2!:: been ~u*~.sted~ f::-o:::: the peral !:.ber. 

- , -,..!__: -·""" t ., ., ct • r ... 1...c - • .r ,_ +.: - -.· ~ .. Ii · z-: o-~\. ... .;..~ ~i.l;..,C:U e:oeous .llJ-.! ,,ion o .,"fi'o .'--1..!1..:.s o... cnrr-so .. :w.e ..:. ... o ... , e i;;:-o:::.r.. o.:. 

¢,.'"le.a ;-it;a - one ki.::ld con.-:;~d~ 2 -=,e::- cent ci.!"..:: t~-ie oth~:- C.2 ;~::-f.ce::t :e2G;-
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l 
r 
[ 

r ,. 
•· 

... 

I 

·-··- -----····-·-· ·----,. ~------.... .. -----·-··--····--

. . 
I 

t!'lfet. silk ~!:.r;:; cc-:::t.ainin:; fit-rcuc chr:,'!otih r.r.~ u:-:S-.!-:~&B-f•>i. ~c bo.:; ,;>ln.nt~c 

.. 
the peritooe~l cAvity, pr0~uced a little fcrcie-;n bc~y ~ea~~lc:.r. but ~o eebestosia 
\\ 
bodies in & year. 

c •:. 

Int.~tracheal ~njecticn ir.to g-..tinea pigc of c~~ect:si5 ~~:!es recovered frari 

. 
bod:u could be seen in the gw.nea pig~ ;"or £t lc1:at 2. yec.:- E.f:.er t::je-ctit:l. 

in ·;i -:o i' o:- f:. year or la; ~Ej:-. 

TEE:ORT ,. ..... 

I. 

' i 
"' ... 
• 
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[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

,.. 

' • i 

.•. h,Yd'roxide neutralizes the irritnting effect c!" quc.rtz but not cf nsbcstoa; 

( 4) s!.rpe:itine has tlae GD.r.le cht!r.tlcal cor.1po::i tion nc loo ~-ri ber cru-ysotilo but 

it coos oot produce -:...~ sa.~o .kind or tiz::a.~ reoction; (5) thore i6 a wide ran;e 

in the cnem1cd 'ccmpos1tioc or too mir.ernls '1hieh do CDUDC col•e!:tosia (soo 

Table 2~). In -new of thi ■ evidence it _aooas more likely that asbestosis 11 

caused lr/ an WlU~Jal mechanical 1rritetion rro~ loc& aebe~toa fibor!; this 

irrH,aticn bei'og related to the p9euliar !'il:!!nentcd st?"Uc_ture_ ot th= fiber 8?:ld 

t.~e csscciated tlexibility, '1hicb aro po!ses!~d by no oth:r foreigD body. For 

inert "while the same _fibers., before bei.n:; h~at,c., procu~e~ ffor:;~i! ( see Table 

19). i\~ther •up?ort tor the thee.ry or r.:ech~ical irritztiC?: b -;hat asbestosis 

oc:urs in e."'l or&&n c,f hi&h l:!o'bility - the l~c • eDC that e. f'ib:-ous re:icti on ea.n 

l.:xz:T.'/III 
C O ~ P L I C A T I O N S 

wi t.'l t~e effect or the dust 0!l no?'1!).2.l tiasue but SCJ!",e :i.tten .. .;ia:i T:as p. ·,e~ to 

89. Infocticn. 

'!'r:c only ex;erlcent in Tthich the effect or icilalc~ ncbor.-:os· ~·Jst en a pul­

m0:'lOJ')' iorcctioo war. studied ~'t.8 t.~e !'ire-; in~alstioo c>:perir.-.cr.t: carriod c...-: T-i ~ 

"T.inc'• floe.to" dust. It is, perne.ps, u:!'o:-tu.-,c.t.c tho~ ir.fec~ic:: studies r.crc 

---,·· .. 

I .. ' 
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[ 

[ 

t~e beginning or cposu:-~. ~n asbe~tos c~t.., &:'!:i c.l.~o ~i a!l ::.nfection superi.r.rposed 

1..""?0ri· an estahlished e..sbestosis., 'ff2S described in 3ectio:is 19 &ni!-. 20 of this re­

~pcn-t. It will be noted that asbestos, T-J:en clas~if!ec aeco:-ding to the effect 

o! a· c~t on tur:erculou.s ir.!eci:.icn., r.ouJ.d be ~la::~ 'l::e:..o-r. a.11 activ~ cust liko 

nth c:.tt.em.:atec tubercle bacilli., q-.iar~z 'i'!1.ll cau~-s t~1e i.n.fcctious ;:,roc~ss to 

;,rogress u.,til the an,jJ-cl dice of tubr.c-:.;~osis. In·?!"t ,;hl::;ts ~ti.ll have no e!'fect 

[ ~l~~tos dust is in ~ dif!e:-ent cat~gc-17. T.'han t~~ f~.1;ro;;.s ~\!st was beir.g ir.­

b=, erl C:u:riz.; the. evoluticn or th<:· i.n!'cc~.:.-='n: t~.~~·s "C"::..; .:a, :;:;=.-:-~"iir~~ ~r the ":.u.'?er-

[ 

:. .. ollo..-:-od. In guir.ea pi&s fofcctecl r.:i t ~ ,!:.:.c::n.:.a·'-d t iD'5:-~:.~ b,.::i ill foll-::;,r::.r:g the 

[ cC:Jpleti::>n of nearl.1 three yea:-s cf e.:q:,::,~,;:e to a~c.~.?::~:,s c..1s~: p::-c;:-~!:si7e ciise~ 

[ 

[ 

r 
L 

co\U'"se or the disease. 

~..r::..:.;::ant cor.cer~ the 

I 
'l 
.j 
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< 
·'· 
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cent. This incidental ovide~co ~uccesta tho poaeibility of an err~ct or 

asbe£toa dust on Don-~~borculoue infection. Jievcrthclesc., :;incc su-:h c;,idcmics 

are· not -uncczr;:zmon in i.nhnlntion e,:perimezits Y:1 th other dusts Ull~ eve::i in the 

colony or nonnal aniznals, it ia felt ths.t the inhaletion or aebestod dust doca 
\\ 
~not exert a signiriccnt affect on the susceptibility to non-tuberculous 

pulr.ionar/ infection. 
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XCII 
S O LS ~ A R Y 

Owi.D:; to the vc.st e.n:ount or det.6 iDcludf:d 1D this report· 1 t i;eu~ mo~ 

ccmTcn!ent to state as precisely nt possible the T~r-ious points ,micb acrted 

from the lnvcaticatione and, when :neceue.ry, follow each with t. brief rHumft· 

or the e~idonoe. 

A. Va.rioue f'orma or uabeatos fiber• produce a peribra,chiolar f1brosis ot the 
lUl'lt• ot guinea pigs, rats, cats aDd rabbits but not of mice 6.lld dogs. 

Both inhalation and injectian e:tperilnenta provide ample S".lpport 

!or t.hi a stat.e:11ent. Figures 5 and 6 show the rt.aotion to two dif• 

!"orent kinds or ubcstos mir1eral in the gu5.riea p:.g l~g. Si:ilar 

but less ert.ensive fibrosi& occurred also in rats, eata end r~bbits 

{Table l). ~~~• ,'Cd dogs failed to respond. This vnriaticn in !"'8-

sponee or tif!'e:-ent sp('lci~: 'to ident;.cal oust Expccure£ is ,till to 

be accou:.:;ted tor. . . . 
B. The mode or ~cti~ ~~ ~~ rr~n~t.oa fiber ia primarily ~ec:l:lnical rethcr t.~.n.n ~ 

che::nica.l in _n&ture. 

Th~ evi~enee £or this i" i;iTCl i!l Soctioo U:O:VII. Figureo l, 

2, 31 4 and ? illustrate 't.ht:: i1"'..porta.ct points. The fibrous fila­

mented structure or asbntoa ple.ys 8:l essential part il> the i:-ri• 

ta.ting e.cticm, JCb:u:a th• ·P.oH.d ri.bc:-s or glo.u wool do not produces 

tibr011a ( aee Figure 8). 

'. 

c. Long asbestos ribera are essential in tho production of perib:-ODchial N.bros111 
i;bort !'ibera are inc=pable of producing tr.is reaction. 

ExperlmeDtal evide:Jce cHacloau thnt N.bro&is dovclops follow­

in~ the inj,ctic:m of.' asbestos !'ibere betwoen 20 and SO r:dcronain 

lenL;tb, but net folltMilit; injecti<n or putic:les lesa thM 20 

zr.icra:18,(T&blea 21 a.~d 23). Th1t &ho~s that t.~& C&fecity to pro­

duc3 tibrosia develops i:omewhere betwoec. 20 nod 50 micro:ia. 
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Pointed atud1ea have not boe:J carried out to deten:-.i.~o the upper 

linit. or errectivo fibor loni;th. It sppcc.ra, hov."tJvor, that that 

limit Y1ill be dctenui.Decl by t.."ac iDhnlabilit:,• of the fiber, 

D. fypicol experimental asbei:totiC? f'ibroeie waa producGd hy the inhQlation or 
an atmosphoric suspension eantn1nin~ ,:n avorege or l3e aillion p:1rt1clea 
per cubic .foot ot air or Which mly o.6 per cent co:uisted or fibers l0!1go.r 
than 10 JDiCTODI. 

In the inhalation experiment with 100 ~r cent ball-milled 

asbestos dust containing O.G per cent or tlb~ra lcr1ter thm 10 

r.u.crODI (Section 45 to 57 ioclu.sivo) a typicd fibroeis i:-as ob­

tained (aeo Teble 12). The evid~~ce prcsente~ shw.s at least th~t 

an atmospheric co~eentretioc of asbeetos auat containin, o.n mil­

lion ( o.~ x 138,000,000) !'ibera greater t."ie.::1 l:> mier:,05per cubic 

foot or air i• capable of producin~ •xp:ri~~r.tal es~cstosis. The 

actu•l lower limit of conecntratiCD or loD~ f'ibers :1eeecSAry to 

produce &1be,toais cc.nnot be eata.bl1sbed ~ the e'rl~enee anilable. 

E. The duration or exposure req~"i.r&d to devclo~ the pul~~!2T)' reacticD to in­
haled asbestos dust ia •inversely pr~porticnal to the eonceotreticm o! lo~g 
fiber& iil the at:notpher"~ r:. a:, 1'.ho concc·tt..rnt1on is i.Dcro~&~c, t:"le 
reaction develops 1n chorte:- time. 

Evidence for thi.a .s~te::-ient is presented i?:. th9 5.nhc.letion 

e:ip~riment wi tb ~tan,-.1'1 ber J.abestoe Dust ( $cc -:.ions ~ to 76 

illclusive). Study ot the ..si.ze-£requ~cy cf the. lo~~-~i~or ~ust 

cieclotea th•~ 1 t ca:rt.ainecl •E. 7 per cent c!" fibers ~cater t.'1~ 

10 microm in langt:h ( Table !6). 1bc lungs of anj:«"li> exz>osed to 

this dust rrrealed that the pulmanary reaetio:: denloped in esp;,rox­

izr.ately CJDe~alt the· exposure tble required for ii:.1 denloproc:nt in 
\ 

animal• subjected to the b&ll•=illed duat,~"hich contained only 0~6 

per cect or lan~ fiber,. 
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~ ~. '.~,.. -~ ._',y ~· ,.£3tebli~hed expe,irnentu &.sbe~tosi's c::c.ee-ato ;,ror,resa on· di acont!.nuine 
,: cxpos\lre to tho dust. 

[ ~. 

;., 

.. 

,. 

an aFPreoiable clearin& or thft ir.r.turc pul:>:me.ry bsicna duo to 

ccntracticm or ~• f1brot1o reactian. In co::itraat., en itm:1&ture 

tiasua rc1pcn&e conaiating primarily or ~ella ,nth little or no 

fibro~is contiDuod to progreea. It 11 assumed t~at following at­

u.inmc:it of tibrotic z:iaturi ty, the saita process of centractlon 

would ensue (Section 57). 

G. The rcrmation or aabestosis borlies represent, a coati~~ of the fibers by 
blood and tis;ue elements whic.'l :-esults in loss ot &bility ot t.he fiber 
to produce- f'i_b:rcsia. 

R. 

lntratrach~al injection or a:beatcsin bodies tcilea to produce 

the typical asbestotic tissue re£cti0%l in expori~ental er..i..~~ls 

asbestos dust coon after exposure tcr.:iinetet may ·oo due to the 

for.-~tion of asbestosie bodies. 

Alu::.!.tt::i lwdrotlde railoc t.o ne~rel:ii.o the fibroair.& action er the lor:b 
fiber asbo~toe (Sectiar, 65). 

!. !n.\elation of asbestos cust dit! '%11>t al4..er s!.gnit"ic=r.ntiy the find outco::= 
of experir.~ntnl tubercu.lo~i• i~ twc ~erlc! of b'Jine& ?ib! ~xposed. 

T'nis interpretation is in distinc1 ~~nt;ast t.o t;e sti~ulatin& 

:mist remain tent.a ti ve, however, "Since it is ba::ed upon evidence 

limited to two aeries or guin,s pies expo~od to only one kind of 

ubestoa, namoly "Kini'a noats" (Section 19•20, SO), F!&:'ereo:e to 

Table 3 shc:rws t.'1.at 1rhen infection 11,1u c:,incident irith onaet or dust 

oxp:,surc 1 there ,ras temp0rar1 p?"O~~euion or 'the infectious p:-oceas . .. 
with subaequ~t heaHnb; -..-her. i.nf6e'ti0t1 Y."ta.! ir.i tiated a...."ter 25-3A 

~~~e or dust exposure the cou~,e or th~ tubeTcul:,sis waa not 

' . ; .. 

··• f 
I, 

I •• ; : 
1 . .. 
• . . . ,• . .. 
: 
C 
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appreciably alt~red. This l.stter fir.dint ia in DC.r~od ccnt~Aot ~1th 

oi::- usual expedcnce i:rvolvinr, quei.r~.;:. t!usts er .!:ix~ci cha~, contnin~,g 

qus.rti: wherei.J: the. ad-verse f.nrluenoe of quut.: "-pon o t-Jberc1Jlou1 

infection ia ~ost atrikin&lY J71anifeated where infoctian is 1n1tioted 

after a period or du~t exposure, ,1.z. supod.x::pc:-1od upon .. baclcc:-ou.-,d or 

ec't!.blished silicoeia. Aa i~dicated above, a,?licatio~ of this mo.e 

ser:sitive test ~0 a!bestos dust railed to de=c~strnte that such ~u,t 

hat 9.ll adverse in!'luencc upon a tuberculou~. i~feetio:. '!'buE 1 there 

is strong eviden::e 1%1 support or tl,c in!er;:ret:i.t.ion. ffo-,:eV!:J", it is 

:-ec~ended that"rurt.~er investigation be u~oertakoL to e!'tabliah 

. 
,• 
i 

i 
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