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Tte Ssrenuc Latoratory 
Ilir Eygienc Coxmittes 
Lrbestos Textile Insiituts 

; Frooessl - 2/15/55 

I. INTRODUGITOR 

The groving lung caincer problem is todey a matisr of cexmtaern know- 
ledge. Though come have ventured to bleme cigar°tt.e snczing, thers is 
strong support for the theory that the diverzity of er'\m.*"c::z:f.an"c,"1 heszads 
attendant on civilized vctivities constitute s composite 00-3&""‘14.32‘:3:. 
factor. Chief among these sgents zre the noctuous custs of varicus Ends 
e which industriel workers &1l over %hs world ars constently helng sxpcecd, 
Jome of these dusts ere knowa to be and others suspected of being cescins- 
genic. 3isbestos dust is a typical cxamcle of a nateriel suspscted cf 
having cercinogenic properties and, in vicw of the lzrge nurbers of 
individuals concerned with processing asbestos prolucts, deserves inves- 
tigation. Several authers alrecdy heve unhesitatingly incriainzied 
csbeastos. The strongest claims concerning tiae cereincgsnicity of astestces 
ere based on officliel Eritisnr governmental statistica, Houever, in &% 
leest certain geographic loczlities, particulariy in Cenzda where scze of 
“he world's largest asbestos nines ere to be found, rsliatie oo:erv g Levae 
failed to cemonstrete a compesralle menscirg inecreace in the lung cerzer 
rate among industrial workere exzposed %o esbeetos dusi, though luag cancer 
does occur here also, Ferhaps these differencss can te acccunts: :“c:' Yy 
the fact tha% in Englanc the mnin nsbostoe product kardizd is firicen 
crocidolite end smosite, wherszas in Czacde chrysctile is nere extersively 
produced. Crocldolite eni emosiic ere, ucwvcr, oles uszad extersively in 
rerious textile and industrisl processes in the United Sistes, 

V¥hile asbesios is thue suspected cf contriluting %o the grewing quea 
cf lung cencers, it is by no means ye: kncwn in vhat wsy sstestes ey be 
!nsirumental as a carcivogen. It mey alco bs that ecme or ciker sutsztines, 
cceurring naturelly in asgociation with scbestes, ic the resl ca'.tse, there- 
YW acccunting fer geogrephic differcnces in cancer incidenes 

A stucy haze elrecady been carried out at Tho fzyenac Laborelory 7 
reans of which it waz proved thet the izhelszticn cu Canedicn ckcysotile 
c¢ust produceé significantly increaced ccevrrence of zeopfleems It mice Sith 
& high spontenscus pulmonary tuwmor propensitr (sirain C} wherecs the sems 

rsotile had no such influence on mice vith a low natvrsl turmer drnci- 
cence (etrain C 57). Hcmewer, puch experiments vith mice can serve tc & 
ere pilot study only and =z these mico are tumor-grone, it must be clser 

i{hat the asbes%o8 has not yel been rshowm to be a sc;»ci.f 2 carcinogern. Tio 
chrysotile in thege e¢rperiments ccted es e non-cpecific co-carcinefexs I% 
is obvionsly iaportent zlse to cenduct Jurfl: experiments cf tha sezs kipd 
10 probe tne pOSS,Lb.Lllv}' thet other specific varieiise cf asbegios, por- 
ticulerly the wvery much puspacted Mfricen crocicolits end cmosd <9, ¥ill 
have £n enbonesd influenco on i rate of lung fumor producticr in t:cee 
mice. Support is sought herewith for such & study. ' 

Exrheustive studics Ly Thsz Snranec Latoratory heve led o the elators- 
1iopn of tecbniques vhereby lung cuncer ean be sueccesgsfully incucad Ia Tels 
ty ceusing tkem to iphele beryllium sulphats duct., Che L,hor‘t..-; bes 
cxtanded this study to erplora the preblem of co-cercinogenicliér by sxpos- 
ing rate, which have teen caused ‘o brestaz Loryllius sulpbate cast for e 
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pericd of 6 months, to other industrizl substances (i.2.,iron and quertz). 
Variastions in the snticipated response of %the rats to beryllium under 
these circumstances may serve as an index of the co- or anti~-carcinogenicity 
of the substance under test. Support is now sought for the application cf 
this method to the potentiel activity of asbastos dust. 

II, 2PLAN OF PROPOSED EXPERIMENTS 

It is proposed to study thisg problea in four phases over a thres-yeer 
period as follows: 

A. Mn investigation of the potential co-carcinogenicity of asbestos dust 
in tunor susceptible mice (gtrein C) 

In this proposed study each of turee groups of 75 strain C mice (male 
end femsle represented in equal proportfons) will be expesed by inbelation 
to crocidolite, amosite and chrysotile esbsates duet for pariods up to 18 
months, half in each group to short fiber ernd the other half to long fiber 
esbestoss A fourth group of 75 strain C mice will serve as a control. 

At regular intervals ssnple batctes of animeis trom each group, suf- 
ficiently large to have statistical gignificance, vill be sacrificed end 
a histologicel search will be msde for evidence of cebestos rssction and 
tunors in the lungs snd other orgens. 

B. 4n investigntion of the potentiel ce-csrcinszanicity of asbestos dust 
in beryllium-prepared rats 

In conducting this study 400 rata (hz1f of thexz mele end the other 
relf femals) will first be rendered luns czncer cusceptible by exposing 
then for 6 months to a beryllium sulpasie asrosol for 8 hours per dey, 5 
deys per week, Previcus Saransc Laborsztory expariments have shown that an 
sxposure of this kind constiiutes a stiruius sufficient to causa gingle or 
several adenncarcincmata to develop ia ‘he lunge at periods raaging froa 
5 to 10 months after the ceeaaiion of itae beryllium exposure. Absut 14 to 
15 months from the commencoment of exposure there is a gudden paek produc~ 
tion of neoplasmats vhich ig uninflueaced bty the duration of exposure to 
the beryllium bsyond 6 months. These tumors ave itrue cancers of a type 
which do not occur neturally in rats znd it hes proved possible to trans- 
plant them saticsfectorily ¢ other rats of the same gpeciles, 

After a rest period of ore veek, during vhich exceesive b:ryllium 1s 
alloved to ba ercreted, ons-seventh of ke eurvivinz rats will be trans- 
ferred to residence in normsl eir. I% zust bz nentioned that, as found 
in previous experiments, a variable proportion of unduly susceptible ratas 
(usunlly about 10 to 15 per cent) mey be expected 4o succumb to escute 
beryllium intoxicntion during the initisl phases of the exporinment and 
certain others may b2 elininnted from timez to time through causes beyond 
the immediate ecope of laboratory coantrol. It is hoped that 350 will 
survive the preparation. 
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Ag'mentioned in the preceding perzgreph, one-geventh of the surviving 
rets will be transferred to ncermal sir where they will te allowed to re- 
maln for & period of two yezrs as a conirol. The remaining six-sevenths 
of the surviving rats will be divided into 6 ecvel groups &nd transferred 
to 6 separate chambers vhere they will be exposed recpectively to long- 
{fiber and to short-fiber of each of thrse dusts: chrysctile, crocidolite 
and smosite. At regular monthly intervals the rets will be subjected to 
x-ray exeminaticn. At the szme time stotisticelly significant bziches, 
including 211 those thowing x-ray indicztions of lung tumors, vill be eac~- 
rificed and subjeccted to histclogicel study for neoplasm cnd ssbestos 
reaction, blochemicel analysis for beryllium in various organs and quen- 
titative chemical recovery of the asbestos. The statistical results of 
this proposed study will be compasred with data elready sccumunlsted in The 
Sarsnac Laboratory end msy be enticipnted to assist materielly in eluci- 
dating the question of the relative carcinogenicity of different types of 
asbestos 110eiBe 

C. An investigation of the carcinegenic influcnce.of beryllium sulvhste 
dust on rats &nd guizcz plgs previously exposcd to asbestcs fivers 
by injection : 

Previous experiments by The Sarsace Leboretory have chova that e char- 
acteristic lesion may bs induced in guines pigs through the intratracheal 
injection of rmeasured deses of leng-~fibter esbesics dust, This resction 
led inter elie to 2 marked trenchiectasis vith pepilloms produstion and 
some ecenonatosls of the bronchi snd bronchioles, No melignant neoplesia 
wes induced. The stucy was hecwsver intsrrupted teoo soon to te conclusive, 

It i3 now proposed to introduce leag-fiber creccidelite, smosite end 
chrysotile, respectively, into ceach cf 3 separzie tatches of 50 guinea pigs 
and 50 rate. After & period of 6 monthe it is planned to plece Lelf of 
each surviving batch of puines pige ernd rats into the beryllium svlphats 
chanbers for 6 monihs vhile leaving the other kalf in frash eir. At the 
end of 6 months the enirels in the beryllium chambers will be transferred 
to fresh air. 

Cancer has not been previcunly induced in the guinea pig ty means of 
beryllium but esbestosls has bsen preveked in that species. It is hoped 
by these sets of experiments to chew vheiher ths asbestos fibers have sny 
influence vhetsoever on the rgts of cancer procduction. 

D. An experimental investigztion of the co-cercinogenic influence of 
gsbestcs fibers end bervlilium sulphate on ronkeyvs 

211 previcus regearch on nsbcsics fibsrs has btcen cenducted on snimels 
several orders removed from ren in the phylogenetic scele., It hss been 
tacitly eassumed thet the eflents produced cn these enimale may be safely 
extrepoleted to man, It is obviously most importent to probe this theory 
by the study of the effects of tlhiese substences on members of the primate 
family. 

The Saronac Leberatory has recently siarted such s program of study 
using the Msncacus rhesuz moakey as tke experimental subject. It is now 
proposed to expose at least 30 such monkeys in pairs to the combined 
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effects of the three different types cf ssbestos tibers and %o beryllium 
salts, varying the order of expecsure and also the time of exposure, either 
to the beryllium dust or to the esbesics dust. Even if no results are 
achievable with respset to carcinogezesis, it is believed that such an 
experiment will materially elucidate the problem of human acbestosis. 

J1I. COMENT 
—————— 

Facilities available 

(1) Four specielly construcied dust chembers for the zutomatic 
safe expcsure of animels to beryllium, a2 material which is 
perticulerly dangeroue. 

(2) Twelve other chambers for exposing snimals to constant 
aerosols or mineral substazces for prolonged periods. 

(3) 2n engineering divisicn o ccntrol =ccurately the levels 
of dust exposure, decign new eguipnent, control hzzirds, 
end identify and quentitate inorgenic substances by 

_chemical, petrographic end x-r2y diffraction methods. 
(4) A pathologicel division for the histological study of 

enimel organs. 
(5) A radiclogical unit for serizl exeminaticn of animals. 
(6). & biochenistry department specially experienced and fully 

equipped for the study of teryllium protlezs. 
(7) The archives of the leborz*orvy house the experimentsl 

records, tissue slicdes and prepsrctions =nd represeat 
seventy years of continusus research on tuberculosis, 
industriel dicesce, end lung cancer. In additicn, there 
is a specielized librery. 

Bervllium chambers 

The conduct of & dusting esxperimeat with beryllium compounds is a 
hazerdous procedure because of the high degree of selective toxicity of 
beryllium for man. The Sarenac Laboratory experience in coping with this 
problem extends over the past 10 yezrs end egpeclelly-desimmed dusting 
chenbers and techniques snd wvell-trained technicians are evailable to 
prevent any serious hazard erising., To cope with the large number of 
enirals which will have to be exposed in a composite experimeat of this 
type in order to ottain statistically significant results, en additionel 
ducting unit will have to be conctructed, as the existing 4 chaxbers are 
designed to house 440 rets only. If, therefore, this proposal is &c- 
copted by the Committeo 1t vill b eppreciated if the fundn for construec- 
ting such a unit can be mede aveilatle epproximetely 3 to 4 months before 
the anticipated comrencement of the experiment, 

Macroradlography 

For the proper control of en investigation of this kind it is essan- 
ticl to control the developrent, of lung turors by s2ricl radiography of 
the animals under exposure. The e:xdsiing x-ray epparntus available for 
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[ 

the study ie of the conventionel type. It vwill have to be adapted to 
render possible primary image enlargemexzt up to nine diameters. The 
radiograrhic accessories needed for tais purpose sre available. 

Iv. DISCIUSSION 

The prirary purpose of this proposed erperiment is to prote the very 
vexed questlon of the rzlationship of asbestos dust inhelation to the in- 
crecsing discovery of lung cancer in man, Siculd a significaent statiptical 
result be obtained {rom this study on mice, guinea pigs end rsts, cozbined 
with the results of previous animal studies on esbestos conducted vy The 
Sarensc Laboratory, new evidence either for cr agzinst the rlleged rois of 
asbsstos in causing humen lung caacer would bs produced. No cozpareble 
investigstion on industrial co-carcinogenesgis hzs previously been ettempted 
anyvhere else. The beryllium method, morecver, provides a unique and reli- 
able tool by means of vhich to study cercinogenesie. Iis chief adventege 
over &1l other known carcinogenes is thet the beryllium itself apparenily 
undergoes no change in the snimsl tissus and cza therefore be relied on to 
produce a constant calculable effect. 

Asbegstos is used extensively eil over the civilized world. Kot only 
are the miners exposed to it, tut so also are tis thousands of indusirial 
werkers, mny of whoa ars in the upper s:ill brackstz, vho are concerned 
with textile, ceramic, constructional, brakeskzos, peper, transile pipe, 
ete., indusirics. Even cerizin cigasrotie filters core mede from asbesios 
to shinld off alleged cercinogense in ichkacco ters! 

Should it be proven thet esbestos can orcvoke lung cancer, the efforts 
of industrial hygiene ergincers will have to b3 intsneified to ensure ever 
lover cusht levels then ere currently considsred nompatible with the gbssnce 
of riek of nesbestosis. Physicisnsg will have 4o ztudy their asbestoe- 
expcsed patients with greater circurspsction exd b2 cn guard egeinst neo- 
plasm for longer pericds after cessation of the exposure than is curreatly 
the practice. Much medico-legel interest elso davolves on this lssue. 

On the other hernd, should the conirary rinding be obielned, the ex- 
perimental results will furnish o degzree of rcansurance to executives end 
employees in the asbzetos irndustry., 

Should esbestos b2 proven to be a decisive carcinogen or co-carcinogen, 
this would provide = further avenue by meane of waich the general problen 
of cancer can be studied, either with en eye to hunnn prophylexis or 
therapy or in an effort to eluéicete tae histochemical and biologicel. btasis 
of carcinogenesis. Unlike many cther nocuous egsniz the esbeatoe fibs> cun 
usually be relied on not to migrate any great distsnce from its site of 
inplentstion and thus can serve £s £n excelleri instrument for foczlizing 
the diseese procecs. Moreover, a great deal is alresdy known concerning 
the physical and cherical properties of ithe asbtestos fiber and if the fiber 
preves carcinogenic tbe search for specific causes of cancer may te nzrrcwed 

dowvn considerebly. 

In addition to the situdy of cencer the propos=d investigaticn will be 
able to shed rew light on the pathsgeneeis of asbestosis, about which zeny 
problems remain unsoclved, 
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: ' BUDGLTARY REQJIFEMENTS 

2, Personnel Requirements for tne Provosed Investigaticn 

PERSONNEL SALARIES 

Nenes Functions ¢-Hourly 1st ¥, 2nd Yr. 3rd Yr, 

G.W.H, Schepers, M.D. ,D Seo Prineipsl Investigator - - - - 
L. Blinn Exocutive Secretary - - - - 
P. Pratt, M.D, Pathologict 4400 1200, 1200. 1600. 
0. Dobrogorski, M.D. .. Assistent Pathologist 4.00 1200, 1200. 1600, 
T. Durkan, H.E. . Chief Chemist 4.00 400, 800. 800. 
M. Roberts, M.E., H.S. Engineer 4,00 400, 400, - 
L. Scheel, Ph.D," Binchemist 4.00 400, 800, 800. 
S. Keezer, M. E., E.E.. Biostatigtician 3.00 - 300. 600, 600. 
A. Delghsnt Reaesrch Associste 3.00 - 900, 2Co. 6C0. 

D. Bailey - Petrographer 2.50 = 500. - 500. - 
F, Creedon Histologict : 2.50 - 500, ° 500. 10C0. 
T. Roonsy Radiographer 2.50 - 500, - 500. 1000, 
E. Cockeler Photcgrapher . 2.50 - 500. 500. 500, 
R. Clark Pathology Techniecian 2.00 620. €00. 600. 
M, Moody Mschenic, Technician 2.00 600. 200, - 
E. Fear Histology Technician 2.00 600. 600. 800, 
Y. Gey Histology Techniciesn 2.00 600. 6090, 800. 
K. Philipp Riochemistry Technicizn 2.00 600. 1200. 1200. 
O. Boula Mnimal Careteksr 2.00 400, 200, 200, 
R. Yhitelew inimal Csretexer 2.00 400, 200, 200, 
Yo MecIntyre Tyint "R.00 200, 200. 2C0. 
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V. DBUL3ITTARY, REOUISTENTS (ecnttd.) 

B, Mnterial Reauirements for the Proposed Irvestigation 

First Second Talrd 
Animnls . Year Yesr Year 

30 monkeys at 840 each ) $ 1200, - - 
300 nice (strain C) at &2 ezch 600. - - 
550 rats (Sherman strain) at $2 each 1100. - - 
150 guinea pigs at $2 each 300. - - 
ainoenance 5,500 mouse months at §1/3 per aninel menth €00. 0. €00. 

10,000 rat monthp 2t §1 per cnim21 nonta 4000. 3000. 3000. 
3,000 guinea pig months at £1 per mimal 

month 1000. 1000. 1000. 
1,000 monkey months at $10 per eninel month 4C00. 3000. 3000. 

" Dust Chsmbers _ - 

One new chamber to incresse toial aveilzble from 4 to 5 1000. - - 
Beryllium disseminator for use with above 200, - - 
Replzacements end readjustments - 5 50. 
Maint uenance of 5 beryllium units et 8500 por :raar 500. 5. 500, 

® 5 agbestos chambers at @ P 500. 5C2. 500. 

Suvplies 

Generel suppliee . ' 150, 5. 50. 
Glagswere 50 25. 25, 
Pulverized asbestos 50. - - 
Peryllium sulpbave - 50 1bs. at $15 per 1b. Z5C. 253, 250, 
Rediogrephic supplies 200. 300. 300. 
Histological u ‘ 200. 200. 2C0. 
Photographic " 1C0. 150, 150. 
Dust counts b 75 75. 50. 

Eouirment 

Rediogrephic amccessories to edzpt a humen unit for the 
seriel cacroradicgraphic study of szsll enimels 
(estimated) 1000, - - 

Petrogrephic microscope ecceseories 1C0. 1c0. 100. 
Micropaotographic sccesgories end replacezsnts - 170. 100. 
Miscellasnesus lesser items 100. 120, 100. 

I, 
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V. BUDCETARY REQUIRFMFNTS (cont'd.) 

C. Summary of Budgetary Reguirements 

First Sacond Taird 
Yecor Year Xear Total 

Professiszal Assistante $ 4,800, 5,900, 6,000. 16,700, 
Technical n 6,500, 6,300. 7,000. 19,800. 

Dust chanmbers 2,200, 1,050, 1,050, 4,300 

Equiprent 1,200. 300. 300. 1,800. 
Travel , 200. 300. 300. 930. 
Scelal Security & Retirement 1,130. 1,220. 1,300, 3,650, 
Contingent 500. 500. 500, _1.500. 

Sub Total $ 30,505. 24,220. 25,075. 79,800, 

Institutional Overhead - 25% ©?.626. _6.055. _6.269. 19.550. 

Grand Total $ 28,131, 30,275, 31,344. 99,750. 

D, Fipencisl Support of the Project by the Serznac Laboratery 

The Sarsnac Laboratory will te able to coatriitute £14,000 per ennum 
fram i1t8 avallable rescarch funds during the first year of this study acd 
hopes to continue to meke such fincneial suprort availeble during the sue- 
ceeding years, Please note clso that the saleries of the principsl 
investigator e&nd the exccutive ezcretery will not be derived {roa thege 
funds. The totel support reaquested froo the Air Hygiene Comuittee of the 
Asbestos Textile Institute, therefore, amounts to: 

$ 24,131. in ths first year 
16,275. in the second yezr 
17,3%4. in the third yeer 

GWHS :mem 
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