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TH! SARANAC WORATCltY 

FO:t THE ST\JDY Of TUBE.RCULOSIS 
, 0, TMI £1:M'All> L nut>u.u FOUNDATION 

~c Lw.,N.Y. 

Y.?". V an:H v er Eroun 
Johns-~snv1lle Cor~o?"at1on 
22 East 40th Street 
New York, New York 

Dear }fr. Bro1,:r.: 

., · I have at ls.st succeec!e! in enal;,t:!r.;- =ost o: c:!..-
v~r.ous ex:;,e:-!::.ental d.ata snc assess!n[ tte results J l resl!:e 
~r.£:tt!s should have been oo~~letet before this, but the e~er~er.oy 
has left ce short-handed 1n tr.e Laboratory and also necessit&ted :y 
do1r.e a good deRl of extra travelir.f. l hope th~t tte s:;,c~sors o! 
our etudy o! as~estos!s w!ll be ohar!table and real!ze that the ~or} 
has far exceeded 1ts original scope. 

We have done over 40 different ex~er!cer.ts, CRny o: 
thee d.!v!ded into several parts, which ir.volved exposure of ar.!=Rls 
for 1 to 3 years to various dusts. The buo!ness o! prep~ri~[ c!cro­
sccpic sections an~ ohe=!cally analyzing the t1seuee on c:re ttan 
600 en!cale has been a job in itselr. ~Y t!:e !or stuty!~~ section£ 
and ar..aly!!ne: C,.ata has been so 11c1ted t~~t •,,e a.re behind ou:- ecl:e:'. 
~le. T h~ve st!ll not had tice to ftrite a full report o! tr~s ~erk 
which vill of necese!ty be :onorra~h!c. Eowever, fer the ber.e:!t of 
the contributors, l ar. subo!ttinc a table of center.ts and an an­
notated outline to 1nd1catc conclusions enc! the l1ne or arr~~ent the 
will be developed. The latter itself occup!ee 15 pares, but l ho~e 
they w!ll f!nd it sufficiently interesting to reed. I shall work on 
the !!nal ca~_usc:-ipt as I have opportun!.ty. 

There are a !ew experi:::ents still in prof;eos ~r~ch 
sh:~ld be cc:::.pleted b:,· the tice t:e e.re ready !OT t!:e:::. J.he work on 
cethols.or d~et ~eter=ination, I oons1cer 1cportant enougr. to in­
clude ir. the study. The question or cancer susceptibility now seecs 
ccre s1~n1!icant than l had p:-ev!ouply l~ag!ned. l believe I can 
obtain support !or repesti~r it !roe the cance~ research group. As 
1t will take t-..·o or tl".ree years to oocplete such a stuc!y, I believe 
it would b~tter be ocltted !roe the present reoort. Ir 1t should 
beco:e poeslble to ceke tr.is study, I hope thai lacy count on soce 
or your ce:bers to supply ce with enou~h pure, long fibre asbestos 
tor the purpose • 

. 7__):..;).(.; -1..-1 
--·····-···---·-·--·-····-·. -----·--·-·-·-- ... ·· --·--- -······ 
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L 

..,...---

Hr. Vandiver Brown -2- Tebruo.ry .... , .. , 

Natursllr, I shall weloooe any cr1t1o1a: t~nt you or 
any o! the other contr!.butors woult care to o!:er. Shoult any 0 ~ 

the: want to l!eoues let~lls, l.woull be pleasee to ceet ~!tt tte:. 
~ay l take tl:1s op?ort-.;n!. t:: to t~.ar.k all the e;onaore t!"..r::n~c:t "JO·.:. re 
the eup~ort tr.at ~e haver.ad. 

Sine erely vo··-e 

~ 
Leroy U. Garl!r.er, ~:. D. 
D1rector 

LUG: : :SF. 
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! Euoan Pntholocy - a study or 2S autopsy ~a~e~ Illustrate~ 

2 X-raj Patterns 1n Aabestos1e, lllustroted 

~ Ash and Y.lneral Values 1n H~n ~sbestos1a 

4 Cor.pl1est1cna o! Asbeetoe1s 

Ca) Sueee~:1b111ty to 1n!ect1on 

1 Tuberculous 
11 Non-T~berculous 

111 Cancer o: the lung 

5 Dlsabl1lty, causes s~d cocparleon with e111coe1e 

6 D1sEnos1a 

(a) History o~ adequate eX?OBure 
(b) X-ray fllc ?attern 
(c) Phye1cal exic1nst1on 
(c) Asbestosis bodies 1n eputu=i, the1r B1[nlt1cance 
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(2) 

I )!ettods 

(a) ln~alatlon expooure to plar.t lusts. 
(b) lr.jeot!.on into lungs t!-.:-o·.:e:. trachea or p-.i.:-e ::!.nern~ 
(o) lnjectlcn or pure clnerale lnto other cr;ane. 

2 6~ec!es Sueceptlblllty 

Han, g-.:!nea p!.es, reb::1to, cats, w.r.!.te c!.:e a:ic ra: 
dOE"B• 

3 Peculiar Charncterletlos o: Aabestoe!.s 

(A) Unusual locall:.aion or c!-.:yeot!.le !!tre ln lunts• 
(b) Rate o: resultant tlseue react!cn core rap1c ttar. to 

ouart:.. 
(c) Reaction to chryeotlle not prcereeelve a:ter ex~oeure 

ceases; B.Ea1n the reverse o: the sltuat!.on !.n e!.llcoe 
(d) Asbestoele Bodies 

l Co=ooslt!on and :ethode or ro~at!.on. 
11 Occu..-ence lr. dl![erent S?ecles. 

l'' For~st1on does not parallel develop~ent c: :!.bro 
1v Gracual d1eap?ee.:-ance a:ter expoeure ceases. 

(a) Cansd!.an Cr.:-yeot1le. 
(b) A..-!:.ons Ct.rysot!le, low !.ro:-•• 
(c) CrocH.ol!.te 

1 Eol!v!.ar. e~ecl~en, st!:t sr.d elastic. 
11 Scutt African, soft ar.d flex!ble. 

(l) Ant~op.r.yll!.te 
(el ~oelte. 
( ! ) Trecol!.t !! • 

5 E:rects or Control Y.!.nerale 

6 

(e.) 0:"anr.:.:lar Serp~:i.tlne, sur:.e ohe:::iical ooc,:.os!t!.cn as 
c:.rysotile. . . 

(b) Glass Wool, a eynthet1c silicate fibre. 
(c) Eruclte, a fibrous r.aeneai~:::i hyd.roxide alcoet free of 

eilic~ 

C.r.e=ical Co=:,osltlon of Aebeet!!or~ :lnerale 1n Relat!on tc 
lrr1 tatlon. · 

(a) N?thing 1n cocpoeltlon correlate~ with relat!ve irritat 
capacit"J. 

(b) Prelicinary acid treatcent 

1 Hydrochloric acid 
H Carb,n!.c aolO. · 
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(3) 

(c) r::ects or Alu:inu::i 

7 Physical Properties in Rc1at1on to lrr!tat!on 

Ia) Len~th or fibre 
b) t:reot of Crusl::.lng 

- o) Heat treat::ient 

8 Nat~re and Sle-:!!!oa..~ce or ..ubeetoela ~ody 

(a) For::::iat1on 
(b) Protective e!feot prevent!ng further 1rr1tat1on 
(o) Ult1:::iate solub1lity in tissue 

9 Theories o: A:tlon o! Asbeet!.forc H!.nerals 

Ca) Che=!.cal - reasons for cor.e!lering invalid 
{b) Hechsnical - experi:::iental de=cnstrat!on of. 

10 Cc:plicationo 

(a) ln!ection, t~~erculoeis and other varieties 
(b) Cancer o! lung - exper!:ental data suggestive b~t no'. 

proven 

11 D!.sat.11!. ty 

1~ Essential Featureo of F.a~ardous Exposure 

(a) 1:ature or dust - fibrous co:oonent and s!:e :ra::tcrs 
(b) At:os?~er!c Concentrat!one -·probably lo~er t~...ar. for 

qua.r::. 

1 Inadequacy or standard icpir.ger sa=pling ~ethod 
vhic~ doee not collect the dan~eroue f!bree 

11 Electrostatic precip!tata~sa:pling preferable but 
ce~hod must be coc.!.!ied 

(c)·D-~ration o! Exposure 

13 Recoocendet!one ror a Nev Standard or Safe At:::iospher!c Cc 
centrat1one or Asbestos Dust 

(a) The Quae!-official standard-or 4 to 5 c!ll!on pnrtlcl 
per cu. rt. 

(b) Work upon better cetho~ or sacpl!ng 

(c) ::ecess1ty !or coi::parieon or results \."1th X-ray r.:.ncHr~ 
1n ecployees 

14 Prevention 

(a) Che~ical ceans not pr~ctical 
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1 Ac!tos1a neoeaeary to d!aeolve fibre lr. lun£a ~crco 
t:-.sr. Aebeetoe1e 

11 Alu=!n·.i::i Therapy 1nar~l1csble 
111 Chier reliance st!ll upon ~ust prever.t1cn w!t~ 

special ecphas1e upon the fibrous oo:ponents 
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f 
l 

-I-

Eaeee U?On 2~ hu::an autope1ee 

2 Aeh I,.:.; B!.r.erAl ~ ir. r.u::en Lu:--•. q. 

3 Cc=~l~ce~icn .Q.! Asbretoe1e 

(a) Susce?:!tll!:y to ln!eot1on 
1 Tu:erculoue- H!fh 1nc1~enoe ln !nglisb experience r.o: 

tu~l!cste, 1n surveys or >.::ier!can Plants. 
Available autopsy atnt1at1ce dece!v!ne because o: sel­
ection of :ater!al. 

11 No:.-~uberoulous- The ea.ce reason probably applies 
should be checked. by analysis or ab­
eentee1s~ a::ione asbestos ~orkers. 

111 Cancer or Lur.g Ditto, but there are nov on reccrd 10 
caoee or.lung cancer 1n nsbestoe ~crkers. 
Cc::pared to the total n~ber er autoreiec 
on asbeetoeia, thio incidence is e~cess1~ 
No such frequency has been d!ecovere~ !n 
e!l1cceis Rr other ror~s or pneu===~r.io­
eie e7.Cept tte Sc~..:.eeber£ :!.nes o: rR~io­
ac:1ve ore;. The evidence ls ~uErest1ve 
but not conclusive that aebestoe1e cay 
precipitate the develop::ent or cancer in 
euecept1b:e 1nl1v1luala. 

·4 D1eec!.1!tV 

Cl1r.1cal e,:-:ierience BU€feete that truly cUeabl1ng aebeetosie le 
~ar.1~e~:e, by lees str1k1nE X-ray changes than a oorrespond1ng 
de~ree o! e111ooRis. Buch d1sub!l1ty 1n asbestos1e ie ,ue to 
d1se.see "•!thin thl! lunc:s and not to secondary heart disease. J.s 
1n e111coe1s, aesoc!ated pulconary infection 1ncreesee the a.:::ount 
~ eeve:-!ty of tl:e duet f1broe1s Y!th reeultar.t accentuat!on o: 
c.1 se:!11ty. '!'here is ur[ent need for a oarerul phys1oloe1cal 
st~y of pulconary !unctlon 1n asbeetoaie or vary!r.g sever!:y. 
Un~o~ttedly, there are cany d1aenoeable caeee ~1th no s!gni!!csnt 
d!eab1l!ty. . 

5 D1e~no~!s depends upon three factors. 

(a) P.1etory ~r adequate exposure, ueuelly 6 to 6 yea.re, eo:e­
t!ces lon~er, at work ~here both the concentrRt1on and 
cr.arRcter of the naebestosn 4ust are hazardous. 
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l --

---

{"o) 

( C ) 

(t) 

. ·- :·· ... 
... ,":-_,-~ .. , 

Ev10.e:.ee o~ 0.!.eeaee:in a chara:ter1st!.c X-rny pot:e::-r.. ·.,;:, 
~ .. , 

A p~yeicnl ~xa.=1nDt1on vh1cb reveals ce.:-ta1n 
Slfne and r;::;.y rev.ea~ ev10.encee o! dlenb!.l!. ty 

cte.:-o:::e:-!.st 
!.! p::-es ent •. 

.,\s'::·~!to~ls bot.1e11 1.n the e;ni::.:~ are con~!.:-::a-:c:-y ~•he:. ".he 
p.:-evlous t'sctors ere· all ::,oslt!ve. Ho"'e,·er, tl':e bo:!!es,. 
cay be r.bsent ,· p!l!"t1eula.:-1y 1:. t!:e e.bser.oe o~ t::-:::1::-.:. t!.s · 
1n~ect!cn. . · ' 
Asbestos~bo~!.ee u:-ieu?;>orted by othe:- ev1c.er1ce 0.o not ::nke 

. a d!ae:nos1a. ·oc~aolcns.l oneo he.ve been roun~ 1r. acc:Jt l5 
autopsy spec!.::::ienc or porcons w1 tr. no known e::ic;,osure ar,O. .. ~ 
r1bros1s, prob~b1y·or.non-ocou?nt1onal or1E!.n . 

. .. - : . 

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

p A.":l.7 .ll 
........ ~-- --- ...... , .. 

-i··: ~ 
... i· =~. , "·'\ .. 

_-: .. : . ~ .. •·. 
- .... r 

. r \ ;· .. :-- .. ·. 
(a) lnhelat!.ory E,:-;;;~u::-e11 to l'lnnt D-.i:,,t -)pecH!.c !!.'t:.:-csle .1n·: 

lu:--es, but no o!:a:-.ges ~l~ew~ere. f .. . . · . :~:--. 
• • • ..... .. • ~- ~ • . . - • l • ,; -: 

(b) ln,ec~!on! or-Sueoens1one Jt.t. ~ P-1nerele into ~:~ctea~~~ 
Sli:::!.lar results. ,. . ·. .. .. .. .-~·~:-=:.: 

. -~.. • ••• ;·-:: •• •. •.· •. ·• ~-~~- ·::., --~·· B-~- :· .-~ -·. ·'"; ;~;:" ( 

(c) lnl~ct1on or BJe~~ne1one or r'.lr~-P.!neral into otter org~r.E 
F1bres dleeolve~; no ascestoe1a ~d1ee; tlss'.Je re&~t!:n c: 
tined to phygooytos14 and encapsulat~on. ·: Cot:?e:e · the -:~~~:: 
asbestos C,:,rtt'J or hu::.s.n,.aubjecta · .... ·. •· . .... . .. ~,.-~ 

••• • ~- .. ~••.••;,,.,.;~~ •::_:."• .. >.,~~~l:•••J, .. ;•••,,:••:•,,._.: .•·,,. •• ••~~•,\.-J.(·~: 
S::~c~es S-.Jece~•1b!l1t:y · ··-··•'"'t·.. -.··•· •.•··••--: · .... ·. · · .· •····· 

, X • :";, ~,; :.: _·\•. ·,~{~~-.~;,:,,::;:·~:\~;;;?~:••,:~.·::::::·:.~· ,·.. ·_':~~~•: 
Unl!ke tree a!lica,,a~bestoa~~ee not ·produoe its spc01:10 e~re 
.in any O=-Ean o!- any speo1ec -or an1oa1;.::.-11. · onuses !!.bros1o · onlr 
the lunce· or can and thoee o!-'a ·te"·-Qf:-.the Bpecies-tested. ·.•:;-:.~-_. 

..... ._.:iJ·~, ·:. ... ::-:,l::~,-;. •., .:;::.--1:•.~-:.. . . ·. , ... · , •.. , :·.?-~\:-:•-

:!. bro e 1 e Ae beet c·~, ~od1·~ §-~~ ~.:'..~::fe:;:'i: S'O;; 1·~ i,'!-~'n b;-0
1

!! 1 ~- · · ,\~':!-· ~t ;~"~:e 
. · 4·+ :~t'J_ . .-::-~:-~:?ct?:ff:-=~-~f_;~r::-~:::.;\ :~.-~;.:y~·.·-~: , :1/;;:~ 
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...., 
l. 

J 

1 F1~ree 11ke cbrysot!le hav!w a oerta!n ~e:::-ree o! !leY.!b!l!tv 
an! elaet1c1ty ac~~ulate w1tr..1n the !!nest a1r tubes; granuiar 
dust 1s oarr1ed further on and le vldely scattered t:.:-o~~ the 
ter=1nal a!r spaces. 

(b) Rate of tissue react!on to asbeetoe 1s cuch core rnp!! ttor. 
to an octlve duet llr.e qunrt:. E7!de~ces or_tc:-=:at!or. a;pee: 
as soor. as euf:lc!ent ooncentrat!on or !1bres han local!:el 

·in speo!!lc areas; with quA:tt, there is a latent per!o~ o: 
cor.ths. 

(c) Re&ot!on to asbestos dose not progress on csasat1on of expos­
ure. 1oung soar tissue thAt may have fc::-i:ed, oontracte and 
becc~es ccre dense but the area of lnvolvecent decreases lr.. 
s11e. ln s!llcosie, the .young nodules becooe luger after 
ex;:-osi.:re ceases. 

(d) Asbeetoels Bodies sre a spec1flc conco=!tant or ttls for~ o! 
pne·..:=ocor.losla. They are due to a eepos1t of protein an, !ron 
u~cr. tte surface o! inhaled fibres. In g-u1nea p1[e they for::: 
after about €0 days of contact w1th t.he tlssue. They ere ac-.md­
ant 1n can and tu1nes pl~s, (See psrag-raph 2 above) but :::uch 
lnrrer ln the ror~Pr probably because the larrer el~ec a!r tuber 
ad:::lt larfer !lbree. ln cats, rabb!te and c1ce, there le an 
atyplcsl coat!n[ or a few or the !!breo after cuch lon£er resl­
lence 1n the lunes; ln rate and dogs no bod1ee could be d1s­
covered. · Froo pArncra~h 2 1t la ap;ie.rent that t.he!r occ~rence 
does net parallel develop:::ent ~~ !!creels. In l~nr lnjec:!on 
e:xp~r!.:::e::~, the bodlee have .l1:11r; ,=.evelo;:ied 'Y.n-tf l. .af-::.P-r !!.croe!s 
~~ P.~r.nced. The n~ber of bodies aee::::s t.., i:.ccrease 
eeveral years after e,:;:iosure ceases. 

v Co=-:,c:;-1>t!\'e E~:eotp -~ D!.;!",.:-ent Aebeet0!!11! }!!nerele 

--i 

. ~ 
(a) Cana~1an Ch;~e2:~lt - higr.ly 1rr1tatlng. 

(b) A:-! ::.or:11 Chr·:ect1le ·(low 1n 1:ron) equally 1rri tatlnf an:! i::ro­
duces Just a~ cany sabeetosle bodles ae the Canad1s~ product 
w1tt over 11 tloee as cuch 1ron. 

(c) Croc1dol1te - The South African blue ~sb~etoe le known to cause 
asbestosis. Only a l!o1ted supply or this cAterlal lh pure 
for~ was available, cost of lt was used·earl!er 1n tte ~ork lh 
non-projuct1vs e:x~erloen:e. For the later crlt!cal lnject!on 
teete 1nto the lun£e, a Bollvlan variety was subetltu:ed te­
cause of lts h1£h purity. Its fibres were cuch stralfhter, 
stirrer a11c. core elsstlc than the cottony South Afrlcan varlf'ty. 
Ferhsns beceuee or these pecullaritles, 1t has not Elven 
reactions co=perable to ohryeotlle. It produced asbestosis 
bcc.1~s but di~ not locall:e in the ter:1nal air tubes nor cause 
any f1brosla. Teets ~ow be!nr rf'pented w!th a typicnl South 
African croc1dol1te with physlcsl che.r11cterlet1ce e~u!.at!.ne 
cl:ryeotlle. 
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(d) A~:hoo~vll!:e -· st1!!, straight fibres - atypical ssbeetoc!e 
bodies tores slowly but no local!~atlon or !lbrosl~ 1n lur.g;. 

{e) A:::os!H -
(!} A::-,::,h1 bole 

<r) Trecoi!-;~ -

Ditto. 

Ditto. 

Ditto 
being 

but very rev 
oor.t!.nued. 

.. · .. , 

aebestoe18 bo~!.es ·.: Obeenat!on 

V Co~:rcl ~!ner~l 

{ e) 
., ... >'~ 

GrAn~l~r Ser~Pr.t!ne or ee.:e chec1cal co:;,os1t1on as ch...~~ot1le 
le 1nert caue1 .. ;; no f1troeis in lunge or otber orga:.s. \tt •,f'! -· 
attracts iron !roe tr.e lungs but or course, no •bodies• ~cvei.op 

{b) 01Ree ~ool(a synthetic silicate} !ibree are not 1i:.halablo !re: 
alr-borna suspensions, apparently beosuse or th~ir stiffness · 
(the diaceter 1e not responsible as soce used were lose t~~D·~~ 
l i::.icron t~ick) On inJect1on into the lu:..ge, they ~ not ·; ,.--. 

loccllze in tl:e air.tubes 'but a.re Yidely scattered. They o~u~e 
no fibrcois. Mter ~ or 4 conths in oc:.taot wit.I::. lur.g fluid, 
a re~ f:lase fibres take up iron but re:::.ain e::oot.l::.. 'l'hey never 
sh.cl-' tl:e swollen ends and lateral project1ons or the true .: ·. -
as:ieetos!e bod!.c!s. . .. · · 

(c) =r~=~te of interest because it is a !ibrouo c!.neral praot!cslly 
!ree ot s!l!ca (o.9%). Cryetallograph!oslly the ar.:-arl(;e::ent o! 
its}.$~ &r.d 0~ gro~?B in each unit oell 1a s1c!lar to that in 
cr:yeot1le. The escple used also contained about 16;. iron, pro­
bably rroo oont~~inB:ing cz.e-net1te. The fibres are ct!!! an~ 
needle like.· Obeervt1ons not yet oocpleted but after 2 conths 
1n tte l~nr.e, typ1pal aabeetoe1s bo~ies develop but there is ae 
yet no !1broe1s. •he !1bre are eosttered tr..rou0h the lun0 instei 
of bei11E: locDlited inoide the ten::insl air tubes and t!.eeue 
reacUon·;~ccurs nroun~, instead or w1th1n the tubes. 

Vl Cr.e~!cP1 Co~~oP1t1or. 1!) R~lat~on _!2 Irritation 

( s) 1:0~.!::;; in the !ollo'l-~inE; checical ec=;:,os1 t1ons can be cor­
related ¥1th variations in capacity ~o provoke t!eeue reaction. 

(See Table text.Pare) 

.. 
'.: . 
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Ctrj'e- Croo1d-
ot1le ol1te 

.5 i o~ ~7.40~ ~~. 99$ 
.·, .... ,,• - : .• ~• '• . r· "·••-.:;" _ .. ,~!" ·•"" ·,-t:... . ,. , , •.. ···- -___ __.__.........,..._ ___ ....._...a:.,.~--"'' ,<I'-)\>-~~· ·:1e. 2.v~ o~;o~~--- .;es·, 2.0~ o, ;c~ -·:-·:.:.:i.~ 

F.7 Q_ 
C 

F.c.. 0 

Al?°" 

c .. 0 

to\' 0 

"~O 

"'~c 
~~.ll e .( lC'!: 0 

>105° 

,.~!:S'. 16.27% o:·el,,~- -~•:• .. ~.-os!: • •··;~.-~a; I' ••,.-~q:,· e,72-; •:..•:~,"J 

0 

0.36't'. 

0.05~ 

06. 77,.; 

0,29 

0,08 

4.30 

H.92 

(b) 

(c) 

4.29~ 0 '7 
. - . . 

~~. B:5°! o · .. :·~' . o ~\.,,." _: · ·g. ~E!.: ,~;~;:. 
... , ... 

l.O~ 1,og:( 1~eg~ · o.~~~ 

0.79~ 2.01~ 12.2~ 4.-45% o.,,o~ • r- ~·· 

l;,25~ 20:52~ 
.. . I; ' e,£9:-; 2~.29% .e~.i;;~ - . ' ' 

6.92 o;;p Q,40 s.1e Q,91 
; ... :' ··.1... 

•. \. 

0.57 0.10 0,12 o,99 0,16 .. ·.; 

·.•· 
.0,02 0,152 0.66 0.52 o,~1 0,!:5 --:::;.,' 

.. 
2,ss l.51 

Aeie. treat::ent .or 0hl-yi,ot1~~··~1~;;~t'.:{:·};:~·: · :,;_ :-:"~<~ ., :·-=-~ 
1 One hour in dilute or ooncent;~~;~~B~-L· does not alt};·_~~=;:• 

pearance or ribre but after auoh trent=ont 1t ray!~ly f1s­
aolves and disappears on 1njeot1ng into l1v1no t1~eu_~a~ .,-:: 

11 !'reDtcent v1 tb CO2 bubbl~ tl-.rou~h vat er' er l;r.g ju1.ce. ·-·~-~: 
susyene1ona o! ohr1eotile r1bree caueea part!al ,elution 
with l1berat1on or silica and r:.agnesia. · ··.· · · . --~ 

... •· 

Colloidal allw::ina does not neutrnli~e the ·e:r:reots er t.ebestc 
as 1t does qunrt~. On 1njeot1nt chl-ysot1le euspendel! 1n . ·. 
alu:.in~ hy~ate eolut1on r1bros1e and asbestos bod1ee dev­
elop at tt.e usual rate. ft receine to de~cnetrote ~hetter th 
fibree·beoo~e coated ~1th a layer or alu:1-1r.u: r:.onohr!.:-ate as 
hae been proved in the case or quart:. r they have, t~e ooe 
does not affect their capacity to 1rr1tate tissue. 

-:,. 
Pt:ve1:.Al P:rope:-t!ee in Relation l,Q Ir:-it§t1on o! ~ '!'1se'..le 

· ... :~· 
:·: :T_~··~· (a) Lenrth .2.! Fibre 

Short ohryeot1le !1bre,under 0 m1orone ·are praotic~lly inert; 
20 to ~O c1oron fibres cause typical !1bros1s. 
The effects or longer ones could not be tested !or tech~!oal · · 
reAsons. 

{b) Cr~eh1ng co~pletely dee~roye the fibrous st:rJcture or 
chryeot1le. V1tb lose of structure, all.capacity to 1rr!tnte 
disappears. ;.•· 
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·. I 
.J 

VII! 

t 
' 

_;n+.;~~:~~~i~~ltl1~1(~~~~f1~~~~~~4~I 
( C) ,; Ee tl't ~-.At ·-1cn1 tion·• ici:p~r:1tur~1:';cter :1D·:c1r1 von io:tr·:b"~t: t~:a: :,:.~~.;: :. 
:·, .• ~: ntre ... st::-uo turo · 1a preserved.-_.~ rn,res beoo::o· u:~rc::sls brt ttl~.:· 

• · · ,~Tne p!l.ys1cal ol:.ance Alters t,rp1col local1%~t1cn v1t!:l.1n tho:-._:·:-=:;·.·:­
. lur.gs, no tlb:-os• a d..,elops,: reaction· l!i:11 tod to pbye.goc7to010~··: 
· Jio a.sbestos1a bod!.e11 forced •. ~- ~'· -:· .-;!..:.'='· .... ~.-;, ·-~. -i·. · ~~:::~·:-:.. 

~·-·. \;-~!.~-,-::;~, ·.:-~ ,:.-=-=·· •··.-:-:·~~~r~i::,i· .. ~·-. .! .. ~;::· · 
Nn-:urr i,r.d B1"'nH1cRnoe' !lt Aabl!'ltQ1'1e B~ ,·~ .. · ~ : ' ·· .. 

. ·; n::r4~· .. .. •' .,, •· .... ......... ,.ii·· •~· · . .,;. .- : .~· .. , 
(a) Boc:Uee. probably r~~ult !ro::, ~~io~H1on7~! ·1r:,n•.-:!-Ild. orgnr.!.c "· 

l:latter on a 11lo~l1 d1occl'1!.ng _tlb::-e .or ::is"beato:s •.. :.-l'~c _socoe. 
or the iron 1o cor: l1tol7 to·ba the lung t13oue than the 
mlr,cral 1 tcelr oo tho 0oat1~•-10 '.Juot ·ae· henvy -~on ·!ib:-oua 
::!.nera.la or l~ 1ron ·co~tont...-.:,.s· _upon thooo ·h!gl: .1n 1:-on. ' · 

& ·: ·~•t) -~·- ... ,-~ .. ,:".~'..r:~.'!"-~~-;.:.~.:..::· ... •··~~~~ •tft : -, .. - :y:;~, 
(b) · The erreot o! ·a1bt!11toc1s· body"\__!or::int1cn~ 1o-ascU!lod to be p:-o-·~· 

tect1Te althougl:l 1t ·has not·bcen.poa111ble ;to. 1eolnto o lc.11;: ~ __ 
eno·.l.£h quant1 t1 or. theae otruotu:ea, 1n unal tor ct:.· !or: !o:- . :--·:·': . 
pu:-'.;)Oees or test. Tb.s in:ooth 'roundcd ·en~3-_presonte?d· by tho •-., · 
boc:l.!.se would not ·be ceoh.in10:i;u,. ,1r::-1ta~n;-.-·•.·<·,;;·~---~"':..., •:. •·:--:•. · 

: .. ·,·:· .-: _ _:-'~~~\-;; .... : . : ... :~ •~;•._:•,.r-~.: -:·. ;; -~ :.·-:: .• ~ 
Cc) lr they were oapablo or cauelr.g-1rritat1on,·,thc !lbroo1o 1n the 

lu~~s should prorreee after e%posu.r~ oeasee,wh1ch 1t doee IlOt. 
• - ,..#· .-: .... ,~"" .. : . .... ,., •. _ . .,_.; ... ; ..... ·.·- .. .. -

(c!) The r-:-:-ic!'Jpl d!ea?;:es:~;ce or··bod!.es (~.!-nbre~f-lor.17 e!te:- .· : 
L·• 4. •,.1 -c., • 

. e:x:=osu ~ po1n<;e to ul ticate eol'Jb!l1 ty l!l' t!.asue tlu1c:l.a. . •• 
.. 1. • 

(e) :he bc~iee are probably a fort~1toue ccnoo=1tant rnther t~·-· 
a csuse of fibrosis. 

(a) Cr.e~!enl These e~perl.oents do not con!!rm the theorr that 
as·oesto!'.I.& ls cerely a roro of eillcosia result!.::£ froo !ree 
e!.l~c~ l!=era<;ed in the solutlon or a a111oate coleoule. l: 
tr.ls were true asbestos 111~e ouart~~~hcul1 onuee f1broel.s 1n 
Any orfRn or any spec1ee !or the e,:perl:enta bDve ehown that 
injected aebeatos dleeolvee 1n these locot1one. Eo~ever, it 
~o~s not c~uoe such reaction in eny location b~t the lur.ge c! 4 

~ species. .. . -
(b) Me=~an!c!l lrrltRt!on 

'1,'e c-:e propoel.ri.e the theory or oect.an·lc!l 1rr1 tat!on "hlch 1c 
canl!eeted only 1n the lu::re because this crEan !.s the only one 
whose noro~l pr.yel.olo~1cal funotlone 1nvolv~ a h!Eh deeree or 
cob111ty. Expericente les1Ene~ to prove the necessity !o::- cot1or. 
1n thls tise~e have falled for techn1csl reasons. 
For thie theory to be a~pllceble,-1t 1s necceoary ttst the 
f!bres be concentrated in the r~,e terc1n~l air tubes. It has 
'been .. e;:0.,.-:1 tl".At o!lly ol-:yeotlle er tl:e asbeetlfor: cl.ner.!lll thus 
fcr.;·'r.as the· proper phye1c~l oharaoteriatica.to lns·..u-e sue~ 
locel1:.at1on. It 1e also eeser1tlal tr.at <the t!.b:-o stall persl!t 
lon~ er.ou£h be!ort !: tls!olvea 1n the l~~s ot sp3c1ee ll.ke 
c!.ce, rnts,+Go='a. lt 1:t,;,.;:,:-e:::l:, d1osclved so rn;:,1<!ly tr.at 1t 
exerts no 1rrltatlou. ~1ollarly rapld eolut1on cay explain 
ln pnr:, the lac~ o! fl.broe1a 1n or[ana ot~~r thon the lu::rs. 

•• : .:, .. .. . • t :.· , ': • , • 

•. :·- :.~ . . i 
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Tr.e !!~ree cue: be lone eno".h so thnt they cannct be cc=?letely 
s~rrc~::!ec ty_phAcccr:!c cells wr.!ch ~o~l:! p::-event contact 0 : th~r 
re~::~. brcken ends w1t.h the delicate cells eu;::i~ort!ns tr.e slr tubE 
Obeerve:!on .has decodetrnted thnt theoe co::dltlone arc reall:e~ 1~ 
f".J!::es p!fE :rested ~·1th lone: fi!,re ciiryso:lle and :.:.broo!o ::-eeult 
W!:h the other sebes:1ror: c!nersls that t.r.vo been tes:et, eo=e o· 
all ct t!"le p::-erec;u!61 ta •,.:ere lac:~!ng sw.1 rio !1bros1s develcpeli. • 

(c) !r t~e 1rr!:atlon were che~lcal, !!ne ee::-pent!ne ~~lch has tr 
et.r.:e c.he::!cal oc=;::ios! t!or. se c::r:,•&ct!le._ s.ho'.ild r.ll.\'e alee caue 
!!bronlo. The crushed chryoot1le Phcu:!.l have been oore ac:.:.v 
t.h~n !ntoct f!bree, bec~ueo or the r::-eotor our!nce nrr~o ex­
posed to body ~lulde. On the aeo ... =;t!.on tl:nt ol-.:yeot!le, Hk 
n~3rt~, becocee coated wit~ s very th!n layer o! sl~!~a: on 
tree :::ent 1,·1 th collo!dal alu::!::u:: hye...-ox!de, capac! :y .to caue 
!!broeie should be deet~oyed 1! the sct!on were che::!.cal but 
such!.~ not the case. .:. 

(d) ~he heavy coa~!ng reeult!ng !roe asoestoe!e boc..y !or=at!on a~ 
psrently does stop tlseue reect!on b~t here the e::ects s:e 
prob~bly cechan!cal !or reasons cited. 

(e) r.-ent e'.1:rlc!ent to alter checicel str~ct".ll"e d eet:-cye powe:?" 
to lr.:-ltate but it also alters esscnt!al phye!csl chu-~cte:-lo 
t~ot er~ect locel1:nt!cr. or the fltrce in the lunco. 

X Co~ol!cnt!ons 

. \ 

i Tuberculous - Asbestos behaves ·like ::oet other :::!.nere.lj', in 
th!s respect &nc not like ouart: which epec!!!cally in:::-ea 
ne.t!ve s"Jecept!bility to the tubercle bacill'.le. ~r.!s !n­
!ectlcn cay sp::-ead rcr a t1ce but then heals. The ree'.llta· 
flbroole accentuntes t~at oausec.. by the c!.nerol f!bre. 

11 ?lor.-Tuberculoua - or no rreater frequency th~n ln snlnAls 
inhP.lin~ dusts or othar kinds. Occseional epide=!cs or 
pneu~onle occur in our duet roocs, but tt!Be are cue to 
oethoc..e or houe!ng rather then to duet; they ~ also occu: 
in unexposed Rnicnle. 

111··. CP,nCer 0~ Lunc-g 
J ... ,:, .. 1.-1, 

~o ex?er!~ents were~des1£ned to elucldete th!e point but 
certain evidence sugfeste t!':.st asbestosis cay ectuRlly 
favor develop~ent of tu=icre in susceptible spec!es. 

l 

2 

In gulnea pies, rabbits, rats, oats and doge lunE tu=orE 
are rnre. 

'ri'hen these apeo!.e11 were subj eoted to 2 to ~ ,·ears in­
halation or asbestos dust, the incidence of icne ti.:.=or 
was not increased • 
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3 So=e stre!ns or tr.ilte c.lce do ,e~elop tu.::ora v~th.out 
a;,;:,arent cause. 

~ ~u~h a etrn1n of white cice wae unintentionally used in 
t~.ree 1~nlat1on experi.oents with asbestos. 

5 O! 11 clce 1r.:.sling !Ont" f!tre asbestos !er 15 to 2~ cont: 
S develope~ cnlignant tucors in their ~ungs an~ 6 o~ tt:c 
hnd tuooro in other organs. !ill 1r.o1~enc~ n_u .e_i.fi ll 
e:xce3sive. 

€ or 22 c1oe inhnlin~ ~ :1br~ nobestos !or not lo:1gor tt 
12 contha only 3 developed lu:,.g tu:ors. &1! ll& 

7 As controls, we have only the exper!once with cioe in oth, 
dust ex~er!~enta. 
~ ~tc~t 2er!ode, there were 51 cice ex;,oee~ to 4 ot~¢r 
r.~~~s o: c~st !or 10 to 12 ~onths. Incidence o! lur.g t-.:::.c 
1.9% . 
.E.2,r lcn~ ?er1ods, there were l~~ cice expose~ to 4 ~!!!ere 
kinds of dust, !nolud!ng pure quarti, 23 to 31 conths. fc 
all t~is rroup of c!ce the avers~e incidence o! lime tu=.or 
was 12.8~: the highest rate (25%} wae in a subgroup expose 
to rllr.t dust. 

Tr.us t~e incidence o! lung cancer in the lcn: !!bre asbestos c!oe 
w.is over 16 t!ces the average !or i:!ce !n!"..s.llr~ ether c!usts !or 
co:pnrable per!cds and over 3 t!=es the :s.x!:U!:l !or any other·£rou 
l!ice eA~osed to the practically 1nert llm !1bre aebeetos shoved 
!ewer 1'.lr.; tu=iors although 7 tlcee core than those in eho~t eApoau 
to other duots. 

~·heee observat!ons are eugrest1ve but not oonc::!.1.:sive evH.ence o! a 
cancer et!culRt!ne aot!on by asbestos dust. They are open to • 
several or!t1c!sc&. The strain of c1ce ~as not the s~e in the 
aeteetos exper!cent ae i~ :any or the others o1tec!; apparently the 
for:er were unusually euaceptlble. Not enough anicals su:•vive~ 1n 
the cust for lon~er th~ the 15 conths apparently necessary to 
~roduce cany ·tu:ors. lhere were no une7.poaed o~ntrols o! the se.!:le 
etrs1n and are ~r.d no d1c1lar controls exposed to other tusts. 
lt is hoped that th!s experlcent can be repeated under pro~erly 
controlled conc!tions to deter::Jlne whether asbestos actually favors 
CEnCe~.~! the lung. 

XI D1 eab1l!t v 

Csr.~ot be ,eterclned 1n anioals. fhe scc!,ental deaths ~ere 
f:-o::J the ss::ie ca·.leee est w1 th 1n all our cbet 1ru:.alat1on exper1-
cents. 
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XII ;:;"~":"~' -~,~t1Yi~ffitff ~f !t~~lit~-~I 
1 .. he l':a:::-da 1nc:-enaes vlth t~e p;-oport.1on o'!. 1ntoct :'!b:-ee :-,e-; 

1n the 1h1Bt. Granular cater!al ar.li crua~ed !!bre are .r·· 
inert d!luenta. ··...,• .. ··.:-

• :,1 

11 -The lon~ fibreo must be t::1n e:,o:.;:h (l-3 l-!icrona) 6:'ld £::.crt ·'. 
enoufh l wider 50 l~!c:-one'l) to be lr.!:.llle~. 

111 Very short titres (wider~ Microns) are practically !ttert. 

(b) Atcosoh~:-1c ~onc~ntrRtion Still un~cr study. 

A;>parently tt:1e !actor le lower than 1r1 the case of d'.JBte 
ooc~oeed of ernnula.r cinerale but cethodo of eetlcoticn are 
r-isleadine;. '· · ... 
i The avenge etnndord Public lienlth.Serv1oe 1=p!n~e:- COU:'lt 

1n the long !1~re aab1£toe duDt roc=·vas 40 !11ll!on p~rt!c!es 
per cu. rt. 0! c1r. 01a·concentrnt1on·cnueed !1b::-os1e 
v1s1 ble to the naked eye 1n 20 to 24 c!r1ths. For co::::parhon 
the avera~e 1cp1nger oowito 1n an experi~ent with pure 
qua::-t1 vaa 120 c1111on pl!!"ticleD per cu. tt.·and !!c:-oeie 
,eveloped at .!.'bout tb.e aeJ:Jc rate. : .-: =· -·. · 

. • . ~~ .... :°:'::·,,-•. 
11 Ho~ever, 1.cpinfer counts are dec;ptlve because by this 

metto~ of ee.::?llng very !eY !1bree, vh1ch are the slgr.~!icar.t 
ele:::ents 1n the duet a.re oollooted. · ! ~~ ··:,•. 

1~• Sa.=p11ng with an electrootnt1c pr~01?1tator is a c~ch ccre 
e!!1cient ceon~ ot colleot1ng !1::-e9 !roe air-bcrr.e e~s­
peneions. Sa:plee !roe our long fibre anbestoc rooc 
showed thst the duet 1n the air contn!ned ~2.5% ot !1brea 
fev o! ~r.~ch hsd been oollecte~ or counted 1n tte i=pir.~er 
se:rle. The latter eacpled larsely the inert g.-anular p&rt.1-
olee. . ... 

· 1v ~ o~1nar1ly e=ployed prec1p!tator sacplee are ~ei[hel and 
the ree\•lta e.xpreesed in tit, per cubic !cot or air. There 
1s no ceans or converting such values 1nto nu:bers o! 
pe.rt1clee particularly when these vru-y in site, eh.s.pe and 

··11;>ec1!1c gravity. .•. . . · . 
·.~ .. • - . :· . •, ~·-· ·.·· 

v Sit:ul taneous en::ipl1ng "1th prec 1p1tstor and etantnrd ic­
pinter yielded the respective values o! 0.65 cg and 60 cil­
lion particles per oub1o root or air. 

v.1 ~·heoret1oally the best in~ex ot bst.ard -would be either the 
nu=ber or we1rht or fibrous elements in the duet. 
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··, 

( C) D".Jl".'lt.l. :,n ,::;: E:i:::O!::J::"" 

• .. 
l F1brcs1s v1i1blc to t~e naked eye a:t~r 12 cont~s e7.~0E~e 

1r.creasee 1n extent 1n eu~se~uent 12 :onthD. 

111 
•·,· 

CM . I ., .. n ot;f.1-h-ro-!..,.~~~ ~~~~iib~..:&~ 
~!nf"a. p e-- -ll44-~Pr.e."?'~n;ec.-. c.an~~~~~~;;. 
-.C5t£il 2fr,if In t=-,in period on~y tbe cor.1p~rr,.t.l. vely early 

sts.i:-eP o! ·asoeetosls h:ive been·;::-otuci:d. · With tr.e kno,.·­
led~e thst we h~ve gained, 1t 1a p~obnble that ~ore extene: 
disease co~ld ~~ve been produce, ~1th a purer lonr r1b~e 
c: . .-yeot1le. C '.1@_i#r.iGbJ6t:.tp;a;~~F,;;'.~-'1'eT1ii 

tr illM 'e F»Wiit.:LHPif:i .. " h, '; ',.·. --- ;yy_-;::, 7 . -
For these reasons X-ray changes 
were not acle to r~l!ill one of 
£r~c. 

•; 

.!-.Dve been cinir:al and ,,.-e 
the object~Ves of tr.ls pro-

NP.w Star.darO of sare·Atcosoh!r!c ConcP~t:-Rt~c 
.. •. ,./ •. l•.:-: --.. . =.:•. ~,. :~~- . 
• _.,,,. ·.~-..,,. • •.. : • :: • . ·:.! 

lt.1:!h there 1F n,;:, o·rncial standarl, tl::.e ·tentative one o~ 
, or: clllion particle~ per cub1c foot of a!r 1s :requer.tly 
quot.PC. • • · · ··. • ~ . ., 

Tr.!.~ 1£ probe bl:,· •.mrPliable b~cauee 1 t. :·:~ (.b:eed upon ui::pl!.nc: 
'I<'! t!: a stnr.dard !::i;,1:irer -.·hlch Ye t.c>ve-~·ehown dot-s riot collect 
oc:s!" of t!':e !.1~:-ee tlit. t are ~he so"Jrce o!' .-h;.:.a:-C:.. 

Ye new t~!nk that a at~nd~rd ehould be·baeed 
colle:tec ~1th an electr:stat1c prPc1~1t~tor 
to dete~~lne readily tr.e relat!ve pr:por:ion 

t:pon e e.r:;:;l e e 
1! it is feae!ble 
of.!1b:-es 1r. such 

tJrter!.Al. ·; · -.,:• ._ .. _ 
~-\.' .... ;..:,_-~_·.:·-:;." 

(~) ~orY. lo still ln profTeee u;,on·tr.e lAtter·poir,t. 
• • •• ~ • • I' --.~"..• • • ~~. f ~•t:~~-: :~. • • 

(e) To 't.e ot -value the new etan~rd 1.·ould.·hsye:.,to.·be correl.!'.ted .•. 
·-..1'tt. the-.-'X-rr:,· !ln:i!nte· upon~t-o_;:,lcyeeo ~e:r::::ioeed.:to .c1::e~ent 
concer,trat1or1s o: duet._-:.:- .. ~{ .. ·: · :-.:~·· --.~. --~ ,,.· .... --. 

- • • #' • :--•. _:. ; t; .f · ... -~:-~ t,i~;i:; .. :;~~~--- ~./ .. '\ .. .-·. ::-F. ever .• _ c no. Asbeetce1o .. ·;. .... -~ .•. !-~·~ .. -•• .,...; ·, ·-!_ . - . . :~•-· ... ~=~~ . · .. -.... :_~~;;:\t·::-;J: ~- ·:_:i .. 
The e,:;:,erii::erito r.:ve ta1led .to· develo;> _eny;pr11ct·1cAl ·ct.e:::1c.&l • .-. : 
L1eiins of neutr11l1 :.ine :the scUou' ~! f! b::-o~s iae_be!: ~ os •. ~. 

... - -· . . ·r· . . ,•. ,.. ... , !..'.,..:" .... '·i ,. "'I' ........ 
··., 

(i;) ':o Dlter the 'hu::i.nhu~f; ·sci t;.·at 1i ~·ou'lr·;i~o~l~•~-~,~t:i::estos 
fll:;res rP.p16.ly like e r11t "'10u2~ nece.seit~te: C-r-E:c".."..) 
c:-eetlr,r an nc1:ioe1s .,.,r.1oh wou~o.. be ::•..:o~~e· 1t!1an tt.e e:"fe::ts or ···i the !lbrosle. ·1 .·-:-f •· • ·.··•-:.-:-_,7,., .• :~ .. •~'.-1 ·.~ 

•~,. t: :-: •. •.~•:~~ .. -;.:::.1:•':~:::.,••,.£.ir II 

.;·• I ' . • •• •- '"'•\. ~ '\. ;,,.. t ~ •·., 

--;:;; / : , ·?t {_\I_~l~ ;r 
., ,. . ' 

• • ·~ ... _,. t 
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