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Second ?ror,ress Re~ort on Exnerirr.ental Asbcztos1s 

by the Snranac Loboratory 1 A;)ril 18,19J8 

The inhalation experiment with asbestos dust has now 

progre3sed sufficiently to per~it n more detn1led discussion. 

The conditions defining this expe:·iment a.re br1e!'ly s\l.C.i.Clar1z.ed 

by the following datni 

The Dust - is predo:linantly fibrous asbestos (chrysotile) 

with soce serpentine, dolo.:lite, chromite and magnetite. As received 

frow tho ?lnnt ~uch of it was too coarse to be inhaled. It was 

therefore r~ground in a case-hardened steel bull mill until the max-

1mw:i particle size was 3 microns and a great cajor1ty or the fibres· 

were l micron or less 1n dia.r:.eter. This reground material was too ex­

pensive to use in the ordinary 8x8x8 toot dusting chru=.bers and it 

was so !ine that it packed in the dusting hoppers. Therefore a 

11:rl.ted amount or unground caterial was added to it to set up a 

dust cloud. 
are 

Dust Counts/wade with a Greenburg-Smith 1mp1nger apparatus 

rroQ t1~e to time. The average concentrations maintained inside 

the anical cages daily, 6 days a week'A' are indicated by the follow-

...... ----------

*As the a.ni:::;:ia.ls spent their entire lives in the dust1n£; room they 
were subj~cted ton considerable but uru:.casurcd concentration of 
dust during the ro:::u1ning 24 hours of each du.y. Enough dust {.1.dl~cred 
to their beddinc so that at nicht they were exposed to concentrations 
or the order of 2 mi.l.lion or less particles per cubic toot. 
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ins -figurcsa 

Particles more than lO micron3 645,000 per cubic root or a1r(l1tht field) 

n 11 II n n Particles less thnn 10 microns 86,100,000 per n 

471,JOO,OOO n n " n (dark field) 

The lust fif;U,re, obtained by counting the particles under dur~ 

field 1llu::lination, 1nd1c~tes that there were an excess of fines. In most 

dusts the ratio or dar~ to light field counts is 2 or 3 to l; here it is 

over 5 to l. 

Size Frccuenc;t Counts 

Particles less than 2 microns 79.4'/ia 

Particles 2 to 5 tdcrons 15.0 

Particles 5 to 10 I!icrons 3.4 

Particles more thWl lO microns 2.0 

Again the &rent preponderanco of sn:.all particles is indicated. 

Xue first report cnde on ~ay 5, 1937 pointed out that the 

inhalation ot bigjl concentrations o! very~rinely groW?-d asbestos dust 

had not produced any s1gn1t1ca.nt changes 1n the lungs or guinea pigs, 

rabbits, white rats or cats dur1n& a period of 5 months. 

On March 22, l9JS ~~e dust exposures or these animals had 

been continued for a period of one year. Representatives or each species 

were killed and their lung tissues were exacined microscopically for 

evidences or asbestosis. The lung tissuos or ~he &U1nca pigs were also 

subJected to chetlicul .lllalysis. Tho rosults have been soruowhat surprising. 

0LJ~5 
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8 Guin~a Pir~ - failed to show enough evidence of reaction 

to the dust to be detected on gross exauinat1on of their lungs. 

Ev~n 1n thin microscopic sections the changes were too sliGht to 

be vizunlizcd ,ii_thout .::i.agnl.f'1cat1on (sea fil;Ul'e l). \'ihen so 

observed it y;as !'ou:id t!1a.t only the V€ry e&.rliest st-!l£l:tS of 

asbestosis had developed (figure 2). No fibrosis had appeared; the 

re~ction was very largely one or the dust cells which hn~ sur~~unded 

and ~~lied off ;r.iQds 1n:~3led fibres and ~~rticles or dust. 

Asbestosis !)odies, which custoir.arily rorz.:1 about aabe.itos f1brf3s in 

tt4e l unss of gu.1ne:,. pigs and human beings b.ad developed t,u~ most 

or the~ ~ere extre=ely swall, as ~ould be ~zpected in uea.li~ ~1th 

such f1n9 dust. A moderuto n~ber, ~resu~ably !roe the ungrou.nd 

dust ~ere cuch longor and often extracollular. 

The l une;s of three or these guinea. pigs were analysed 

cba:ucally for thoir total mineral and sillca content. The re$ults 

,obtriincd ;ire 1nd1Ciltod ns .1"ollowsr 

Dry Tissue A!Jh -
No. % Ash % Si02 % Si02 -

8 5.02 0.51 l0.2J 

11 4.58 0.46 10.08 

12 5.16 0.54 10.54 

Hor~al 
Controls ;.61 0.10 1.8) 

610:z. Controls 12.02 5.28 J+J.88 

lhcse fibures indicate that the total weight or inorganic 

material in the lungs is nut iucr<H .. :rnu oven though the section:J 

reveal t;r<:at ou.=nbers or .fine ,>articles w.1. thin the dust cells. This 

could be explo1nod on tho basis of the very s~all :i1zc or the 
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particles ,1hose co:.ibined weight 1s negl1sible.- That there llre 

n~~rcciable ~unntities of silica-containing foro1Gn bodies is 

sho,-.n in the other columns; the dried lunE; tissue contains 4 or 

S ti~es the nor~al a..:.ount of silica und in the ash the silica 

content is ncurly 10 ti~es the noroal ~ount. ~hen co~pared with 

ttu average figures for a grou? or anicals exposed to pure quartz 

for one y~£-rit will be noted that the·total auount or ash and the 

percentafe or silica in the asbestos series is relatively low. 

The results of those chemical analyses seec to indicate that 

asbestos dust, even ~hen very finely divided is not as raadily 

inhaled as a particulate dust liAe ~uartz. 

2 Rabtits - Autopsied after one year of exposure show 

slightly aore cellular :-eo.ction in the lungs than the guinea pigs. 

The changes were visible on gross exa.cination or thin microscopic 

sections but not on ins~ection or the lungs as they were removed 

trom the body. 

Jlicroscopic examination or the sections disclosed con­

siderable accumulations of phagocytic cells about tlle inhaled dust. 

The fibres were unchanged and no asbestosis bodie~ had developed. 

There was no evidence of fibrosis. A sioilar result was obtained 

1n a previous experi~ent on rabbits. 

2 White Rats revealed changes coc~arable to those in the 

rabbits without tha for~ation of asbestosis bodies. In two other 

animals killed on tlle 8th xtonth the chan&os were sicilar 1n 

character but loss intense. Five other rats have died of inter­

current chronic pulr.lonary infections. They were discarded us their 

luncs showed little or no 1 nhaled dust. The findinGS in this species 

. . 

( ~ j' > 5 7 I\, u 
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con!'irm thoge obtained in a ror~cr experiment; 

8 C~ts died of infections wt thin the !irst J or 4 months. 

Their lungs reve~led little or no dust or re~ction to it. One cat 

~as killed after one year's exposure. Grossly there ~as no 

evidence of dust reaction. bUcroscopic sections showed nu.merous 

scattered phagocytes containing minute particles of asbestos. No 

lon& fibros or asbe~tosis bodies could be found. 

The injection exocriments with 1 to J z:.iicron particles or the 

various fibrous silicates and serpentine cent1oned 1n the previous 

report have uniforI:ll.y failed to produce scar tissue either in 

ri.lbuits or 1n &ui11ezi pi&ll• Antho,)hyllite, crocidolite, soda 

tremolite and serpentine have now been observed for one year. 

A.rr.osite and amphibole for 6 conths. Thedif!icu.l,ties attendant upon· 

intravenous injection or chrysotile have not been overcome but the 

atte~,t has not been abandoned. All or these minerals are without 

effect upon the extrapul~onary tissues and none hnvo produced 

asbestosis bodies. 

Co=~~ents - At first sight the negative character or those 

inhalation results eight seem discouraging ·tor the ori&ine..l objectives 

are ap~arently not being attained. Instead or producing ?uJ.1:lonary 

asbestosis at a rapid rate the reaction is relativay insignificant. 

A wholo year's exposure to a comparatively h1Gh concentration or 

exceedinsly fine dust hes not produced enouGh chan&c to be visible 

without high uagn1!1cat1on of I:licroscop1c sections. 

The results are not only surprisin& but they challenge 

ex~lnnation. nhen they are co~pared ~~th the findin&s or a previous 

inhalation expcrit:cnt on guinea piG3 they ~U[.l;O!lt that the original 
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hy~otheses accepted in plnnr.ing the prosent experiment r.ere 

erroneous. The very fine dust eo?loyed for this test has caused 

much less rec.ction than the coarser material used in the r irst 

one. ~ll.1s result ~~s obtained in ~pita of the facts that the 

BJ:1ount of fibro~s ~aterial in the new dust ~as 3 or ~ore ti~es 

as sreat as tl~at 1n the old, e.nd that tHe atmospheric concentration3 

~a1ntaincd w~re perhaps 10 or 1; tites as great. 

The factor or particle size 1s apparently the one 

responsible for the difference in results. Most or the asbestos 

tihfes in the lunc;s of th.a new e.xperi:ment animals are s=.a.ll enough 

to be entirely contained v..ithin the body of a dust cell. So,~e, 

originating froa the unsround material plnced in the dust hop~er 

to rac111tato gGneration of dust are lcngor. The short intra­

cellular fibras are troated by the lung z:ore or less 11?.e parti­

culate dust. Instead of being concentrated about the tar.::u.nal 

bronchioles as in the case with lonGer !ibres, they are scattered 

widely throubhout the air spaces. Few establish contact •1th the 

puL:ionary frac.ework as they are protected by the bodies of the 

dust cells which surround them. I!' their action be che:nicnl, not 

enough are concantrated in any particular focus to expect apprec­

iable re3ction. ~hat little effect there has been Illi&ht readily 

be due to the limited Dll!!lber of long fibres. It 1s unfortunate 

ti~:it any U."ltrou."ld fibre was added for otherwise 1 t :.ni&ht have been 

possible to state with certainty that the short !rag~cnts caused no 

fibrosis. 

If these enrly results are substantiated on subse~uent 

obscrva t1on of the o.n1...:.nl.s exposed for lon&er p~riods, 1 t 1s 

believed thu.t tho chcclcal hypothesis ot the action of asbestos 

0Cd50 
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will have to be abzmdoned. In its placo it will be proposed that 

usbestos fibres act us mcchan1cul irritant~. Alreud, there is 

considerable evidence to SUi)port such a hypothesis. The particulate 

serpentine which has the sa~9 c.heclco.l co~;>osition as the fibrou3 

chrysot1le has beon proved to be incapablo or producing a !1bros1s 

in orga."'ls other than the lun~s. \',hen chrysot1le is i:;round so 

finely thu~ it approxi~atas serpentine 1n physical stute it loses 

its capacity ~o cause fibrosis. It its action ~ere cheiilic~l in 

nature it should become wore active as the particle size decre~ses 

!or under such circu~s~ances relatively ~ore surface should be 

presented to tile cells nnd .fluids of t;hc body. c;uartz, i-lihose 

action has been proved to ba physico-chemical. behaves quite 

differently. '.I.he s ca.ller the particles o! fr~e 8102, the more 

vigorous end rapid tho reaction they promote. Their effects a~e 

not restricted to the lungs of certain species out cun be elicited 

in any organ o! any anioal, bird or £1sh. In the case or asbestos, 

on'tt.a other hand, 1rr1i;at1ng properties are only man1£ested in 

the I.u~s, and then only in the lungs or certun :3pec1es _of anious. 

The s:allest fibres, which should theoretically be ~ost active are 

apparently inert while only the longer ones seem to cause fibrosis. 

It 1s inferred thorefore that their action is n.echa.nical and that 

the long stiff fibres are irritating only in the lung because this 

organ is 1n active motion during respiration. In slugGishly coving 

orsuna li~e the liver, spleen and subcutaneous t!s3UO the tactor 

of motility 13 min1mi%ed. 

The cost sur1ous objection to discarding 'the c heoicul 

hypothe!lis at the present tiu.a 1s tbo iu_;;ierfectly kno,;n rolat1onship 

betwaen the asbestosis body &.nd tho developuent of f1bro!31s. '.£he 
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nsbe:tosis tody wust forr::i as the result or cher:..ical re!iction. 

Tha ~uestion \~h!ch rc;.ia1ns ununswered is wheth~r such cheoico..l 

reaction is also responsible for the <levelopuent of scar tissue. 

Scee ob.:;ervers ei.rc of tho opinion tliut t.t.e roruation of the bodies 

is a protective ~echa.nisw by ~hich the tissues attempt to coat the 

1r:•it£..ting asbestos fibre \,1tb ~ s.:llooth ~n-irritat.in& I!le~brune. 

Our om ~x~e~i~ents and those or others h~ve demonstrated that 

asbe~tosis bodies recovered fro~ h1.1w.m lungs by che~1cal digestion 

will not produce flbro~is 1...~ the subcutaneous tissues of guinea 

pigs. ~heir action must also be te~ted in the lungs before a 

final enswer to tr.is ~ucstion can be given. The evidence now 

~va1lable suggests that the reaction responsible for· the formation 

or the bodies is not tha one producing fibrosis. 

But on the other hs.nd 1 it is known that asbestosis body 

for:?:at1on occurs onl.y in tissues which do develop fibrosis in 

response to local ac~..imulntions or asbestos fibres. Thus tu only 

the lungs 0£ guinea pigs. dogs and human beings have responded to 

the inhalation of asbostos dust by the rorme~icn or scar tissue 

and asbestosis bodies •. Injection of asbestos into other organs 
. . . 

of gu.1..~ea pigs produces only occasional bodies and little or no 

fibrosis. The asbestos corDs of the skin in humnn bein&s. do not 

contain the bodies. Xhe lungs of species li~e the rabbit, white 

rat and cat have shown neither asbestosis bodios nor fibrosis. In 

their case it will have to be determined whethor the lack or re­

action is due to more effective upper respiratory protection 

y;hich precluqos the inhalation of e.!"!ect1 ve quantities or asbestos 

fibres or whethor 1 t is due to chemicu-1 ~·.:i.ctors peculiar to these 

species which prevent reaction witb. asbestos. 
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The possibilities are under investigation and it decisive results 

can be obtained the validity or one or the other hypothesis should 

be established. 

' •• 

Significance - while the inhalation experi~onts havo failed 

to produce pultlonary fibrosis at the rapid rate anticipated they 

are nevertheles3 instructive. Verification oftle proposed ~echanical. 

hypotl1es1s and the establishment of a rela t1onsh1p between the 

length or fibre and the irritating properties of asbestos would 

explain the hitherto mysterious distribution or asbestosis in 

various depart~ents or this industry. In the Thetford mills there 

seecs to be little or no disease in spite of heavy atmospheric con­

centrations or dust. Here the fibrous ele:ents or the dust are 

lar&ely very short and hence perh~ps not irritating. In the hnGlish 

plants it has been stated that the process of noattress beating" 

is productive of the Greatest a.mount ot asbestosis. This process 

could readily break cany fibres longitudinally, 11berat1n& a dust 

rich in fragments short enough to be inhaled but long enough to be 

irritating. In tbe .American factories tho amount of disease has 

not always paralleled the at~ospheric concentration or dust. Uore 

cases have developed after exposures to the nopenins" c.s.chines than 

elsewhere. Since opening is a crushing operation it mi&ht produce 

the cost errective length or fibre. 

It these theoretical considerations can be substantiated, 

they should be of value in planning u program or prevention. 

Special precautions would then be instituted in depnrt~ents where 

!1brous types of dust are generated. In proces~ing I:lills dealins 

larcely with tho extrc~oly f1no asbestos powders employed for 

insu.l~tion only sufficient cX.haust to conform to accepted standards 

or l;EOd housekeeping y;ould be adO<iUD.ta. 
-p12D02'7 
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r1cance or fibre length has been established all asbestos dust 

must still be considered hazardous. 

-· ... . 

Sur::nary - An inhalation experiwcnt upon Guinea pigs, 

·rabbi ts, wh1 te rats and cats using high concentrations or asbestos 

fibre ground so finely that cost or the particles are under l 

micron in oaxio'W:l diameter has failed to produce evidence or 

asbestosis in one year's time. The 8.I;lount and severity of the 

reaction is not nearly as great as that produced in a previous 

expericent by the inhalation of l/lO to l/15 this concentration 

or asbestos dust. !he only other appreciable difference in the 

.,.. .. . 
. , 

two experi!:ents is the particle size or the dust. These observations 

to&ether with those from collateral injection experimert.s sugbest 

that the injury fro~ asbestos may be mechanical in nature and 

produced only by fibres which exceed an unknown z:dnimumlength. 

It this ult1~ately p~oves to be the case it may explain tbe 

puz.zlin& absence or asbestosis in certain very dusty parts or the 

industry. It may also direct attention to the points where dust 

collection is most important in preventing the development ot 

asbestosis. 

to answer the questions that have now been raised it is 

planned to continue the inhalation or the fine dust for another 

two years and to perform certain other injection experiments. 

To reproduce the patholoGicnl picture of generalized asbestosis 

another inhalation experiment with a dust coaposed of lon&er fibre 

will be started within tho near future. 
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Fig. 1 

Guinea pig's lungs after 1 year's exposure 
to high concentration of exceedingly fine 
asbestos dust. Only reaction visible at 
this low magnlflca~ion shown at points 
marked by arrows • New t1'fCt-imer1.C 

Fig, 5 
Guinea pig's lung exposed for one 
year to 1/10 the atmospheric con­
centration of coarser asbestos dust. 

~/J. E"fer-i 1>1e11.:t:: 

Fig, 4 
Hiehor mo.gniflcation of lung ahown in 
figure 3. 
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