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R - ASBESTOSIS AND PULYOXARY CAVGFR

: ‘T, INTRODUCTION

An expcrizznt has boon in progress et Tho Saroroc Letoratory for soms

1¢ menthe in an sttoerpt to asgcertuin the influcnce of inﬁnlcd asbestos cust
upoa the incidenco ¢f pulienary tumors in mics, Tre purpcss of thip study
2 to oblain oxporimental data for correlatlon with experiscnco éertaining
to pulmonary cancer in industrisl workers eoxposed ocvup Ticnmally to the
wlation of astostes ﬂﬁst.

Two sirning of mics, one suscoptibic znd the sthor resistent to 4he

¢evelopment of pulmerary twusors, have dbeon expocod o tie asbestos dust

comparable mumners of centrol aninals of cach utrain have bosn kopt in
normzl air bul vndor conditions of housing crd diet idaﬁtical writh those
of the oxperimoniel anmirals, The oxperinont hna been dqaiﬂnéd to reveal
possible cerlicr onszet of tumors in thz cxposad anirels than in the control
gitoun as well es to dotermine the total incidones of ﬁu:ovs occurring ovor
the ertirs poriod of tho exporiment,

It may be staled hiore that the evideace obtained reveals no tondency
L S

tcvards an carlior cascy of tumors among emosod amimals in compariaon with

- ""\\‘ e P e ——————
conlrol ar¢m31 Dsvertheless, thare doos appear to be a trend toward e
" — IR o < d .
~ -W o

5reat0r incidcnco of Tumors in tho cipesed arimals than in the control anirals
N e e N ——— — — —

It is Important to note, hower that statist

S aa - -~
B e

cal enalysis of the data

obtained up to the prosent shows thet tho diffsrenses Sobween tho o¥porie
mental and tho contrel animels ers no greator than might be ecxpected to
cccur by chance elecne, The oxperimont i3 nmot completsd and it is censidored

likoly *hat, if ths ratios of tumer incidence at the rex: poriod whem animalsg

&8ug,
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aroe Iiilled are simdlar to “hose for tho 34-zenth intorve
is new notod moy finaliv bs shoeta 9 to statietically simnid

of the largar total avsdbor of animaia ebservod
II, VATRLIALS

A, Lusting Tabsrial:  Tho duast ves?

ol in Thile aiperimeat vwas rocsived

or Jenwty 5, 1951, from the Johaeon Company

Agbostos Uincs of Thstierd, Quobee; ard vas given the Sarasac Laberatery

-

numbor 10135, Turay ciffresticn onelys sevenied that tho materiel cone
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talus ¢ varioty of minurela, of wl
70 per cent, Taczusgh thic particulats nineral gorpentine and the fibrous
mineral chrysctilc yicld the szamc dirffraction satern, vetrographic oxwringe
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tion chowred that thers wac coasiderably ners ehrysotilo t
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precent in the materiel
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thick vnepconed
bund)es, but i% was zziimeted That ot leact 25 Fer cent of the chryesotile
was prosent as indivicual fibers or peritially omenzd bundlas, Other
corpoaonts, lerzely neiticulate, iucl.v.d-cd & ©e7 par cent of magmetits,
chrasito, brucits, tsle, ond quurtn, ond traces of r:iscc-lla.nooim mirerals,

The quarte econtent wasc ebout 1 o 2 peT cent, Of the particvlate meterial

a¥% loast 85 per ceut ¢ the cardiclos wore legs than § nicrone in gi

(&

00
Studics of samples of stmosphoric dust talen frer the eninzl oxposwre
soom revealed, Wi

the cheysotile fidvers, thet

-Tho fivers oceurcsod iy the following distrituticn o
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Fidors lese vhan § pierens in leogth 32,3 %
» frea 6§ 2o 10 7 "moom 35,83
n 1] 1'.) .;:o 20 1 u a 20”7 -
1" 4] 20 .to 5,3 1 : 3 8.3
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B, edmele: The wice ased in this ezperine:t wmeore chinined frem ths
qﬁ.—. --
. salisen rsmeorinl Labarstery at Lar Ua *tov, Leire, Tia™

1

- luboratoryr cerrlos colanicn of o dilfferent stveins of ice, identified oo

- 3+ h o, - ., - . e ) ..
Strain A and Strefn C, suseeptidle o sulmorary tirers, Steain A, urder the

uiiel provtice of cofesring whe chrerreiicn Qo1 Luror wntil Ghe wice anzrssch

- . - . . ' - .
Ond €32, aac 2 nnviaad ineidunsy of pulmonary twmcrs Lho® spproxizates S5

per c¢oul, Streai:
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-
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Lador glaller cirsuwms weesses, bng oan iacidernce of the

tunors of cloul £6 gov sonb, Siico L1 the prassni experirznd it wos preposad
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to gtudy whe dcilvires of Quat 2mmogiass upon o

s

1y exerenll dncidenze ¢ twany,
s

SRen % e edaey el Srama g S g et
SRRSLE IO NNLS LuTislLgavicn bacavss any irczeasod

izca.iv-,w stov: Ghi ncrmal rate ¢f 95 wor ecut weuid he -if’.‘

icult to azcere

tain, Strein C vaoo solistald, tatrefore, bocavss it had a lowsr iccicdonce

of* —~— er tarm 2 Anp Y SN a
of pulimonary dumor and eenvse it offurod cortain cther edvantoges, onorg
wid 1. Fa doo e aee LIPS . . s 3
widch wag tho fuct Shos Uho lzmsidence of monwary ecrcinoua,in 34rsin c,

>

waich nig © Ingerpretanior of the sulmonery losions, wos lew,
Ot" A9l momoyn ] A ey 3 T, I hi tees > = e ge s el Y
£ e severed 2nalilabl: ghraing of nics ropirtant to the develepment
off pulncrnuny tuzoy:

. . 1o,
g . LR SN
PELND WX C el

colaay of en ogs & 3 £8x rotlo csmparedls to thet of 4hs Shraln C colony.
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the curwesnt study, hs naihed consishs cosonticdlyr of nachenicel agibation
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of the esbestos cust by a rotatlng peddle in a largo hooper £illed with

asbostos cdust to appronircately the level of the ozle of the peddle. The
cdges of the paddle are equivped with stiff wire bLiushes to brealt vp the

small balls of agbastos vihich tend 4o -Torn. The durting mochanisn io

Jept in oparction inside the 8-foob cubical dush roon for 8 howrs a day,

——

5 1/2 days rer vicek., Animals live centinuously in the roouw, which is

~, o e . — e
- : T t————— — -
ventilated with fresh clean air when the dust disseminstor is nob in opara-
e eE e e - S iptathtobimmlantvtuinliiiy

- T JREYY
Vien. Atulospheric samwlcs aro collected in the reom &t rogwlor intorvels
with a Greonburg-Saith widget icpinger and dust covnto made by the light

field technic with a microprojector. The dust copnis Lave cvoraged £17

1illlon porticles per cubic feob of air. In gengral, the fibers hove
N e ———— e =T e  — e . e |

represcnbed about 6.6 por cont of the total count s or 53,8 million, 0OfF

. -"_.‘_/’\__.‘ -—-/—_-._. .- o —

the total nurber of {ibews, aboub 11, per cent aere longer than 20 microns.
=

———

It ¥l be reealled thaty in recard to the production of astestosis, the

fibers geeater than 20 rmicrons in dength are of ~_tho greatest importance,
B. Andimals: AL the stert of the ecperimont 220 mice wore nlaced 4n
tha dust room; 130 of thece were Strain C mdce, and 120

were Strain €57 black mice, 0f coch strain 30 werzs males and 100 were

ferales. This seox rotio was dictoted br s ace requivenents, since wale rico
. -4

tend to fight and wot Lo kept in smell grouns, while many fozalas woy

-~
safely be placed in & singls coge. The *otal mobor of conbrol mlee was
3h0, with a2 sor distridtuiicon similar to thot of wh2 exposed groupa,

In order to follew the developzent of twiors ard Lo obszrve any

Posaible ecarlier onsab of tusors awong the crtosed nlesy exporimantal

eninels and control onvdimals were lHlled at reznler intervals after the
<
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boginning of the eiposuro to dugt, The intervels chosen were 2, L, 6, 10,

and 1 ronths; the next interval has been sab for 16 months. AL cach

period 3% experirzental ane

oA

¢ conbrol animals vers 131led; of aach grovp
of 3l endmals, 17 mere Strain € and 17 wore Strain G587 black. In ecech

casc, the 17 animals inciuded L wales ond 13 fewedes,

The obgervations made ab czch of the reriods vhon aninmals wero illed

ere pregentad in table 1, It will be noted that ths toté.l mubor of animals
examined in ev.c’x} of the differcrt grouss varles 2licntly. This verietion
i3 the rasult of a feu spontensous deaths in cach gronp:  Tho oboarvalions
nac‘.c} in such cases have Leon incerporated in the date for the next poried,
In nayy instances anirols cying gpontaneously hovz bLaon caben by trelr
cagemutes, It has been nocessary W .o‘.iscard thoze cninals corpletely fron
the record of expesimental chaarvetiona,

It vill be notad thab with.in Strain C there is a higior percéntcse

of tweors amony eninala exposzed to ashostes dnst the coubrols,
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~
P
13
=
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The samo situation ix 4ruc within the Sitrcin 657 Hlack, Obviovnly, tho
same condition isg Lrue 2lso of the overeell figures cochindng both stroins,
The sipgnificance of all Lhoso rorcentase incidunce ficures hos bLean

tested otatistica)ly by” means of the well-recomnined foyronlas

S.Be¢ = Stardzard grrov of difrfercnce sn iveidenze b

]

teeen o prouns

N = Tolel numher of anizals jn the grouvp
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Py = Per cenb ol anintls with twsor in e specific-zroup »f animals

]
.

Qe ® " O h wvitiont twor in the same specific group

(Fras, Q) = 100-Py)

Ix’a.

By Correppending zyrdois for pmother group of enunals

Qa) : ) %

I¥ will be recalled that if on observed diffcrence ir rercentaga
incidence Letwoon two ¢roums Is greater than twice the é'.‘;al:da'cd crrer of
that differencs, the difference noy be considered to he signiticent and
duc to facters other than chince. 1€ ihe observed difference 13 less than
twice ‘ché standard crror, it is vay "'Icél;r duc simply to chanco. In
teble 2 the observed difference in the incidence of pvl.monary tumor and thie

-

aritical valuc of twice the stendixe crre: of difference are compared for

ER)

the various groups. Ii will be ncted by conparing the values that norne

of the observations neds to date cxre t.Lstlc,le significant. An
example ol the methed of caleulatieon follsws . N
Calculation of standard error of difference between over-all incidence

of tumors in the contrel aniwals end in the exporimental mice from data in

table 1: . o . ~ o
Incidence of tumors: Dxporizental endmals 9.59
Centrol anfizsls S.5

Nurher of animals observed: Fxperizacntal animels 179

Control animzls 131
( 9 S - QN S gl 9.’0 5 \[ \
S » - - K¢ - e Do A~ ~e -
Lo = o - = \‘)4,.80 <> 2.87 b d?.é?
| 179 151 )
2,707 . _

23(3-3-;: sv ,i‘ - ) -
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Thus a diffcrence up to 5.5 per cent is likely to occcur by chancoe., The
observed difference of L per cont (9.5 - 5.5 = 41.0) ey therefors have
occurred sinply by chance'distribution of aniéais and 1s mot statistically

slgrificant.

V. COLTIT

It'vill be apparent fron.a review of table 1 that the exverinemt ia
now in its mogt impordont phase. Ths inciderce of rulnonary tuzors hea
begun to rice for aninals WS5.2led ot the Liermonth period, both for the
control eninmals and fo} the anirals exposed to asbestos‘dust. Ths incressed
incidence is more prenounced for the group exposad to dust, but the rise
has occwrTed at about the gome 4ims in both groups. The differcnces betwoosn
thd tvo groups, however, as hos bconhnctpd, are not stati;tically gignifia-
cant, |

Tno ilampression is gained from en inspection of table 1 that the large
numbers of cnimals ldlicd oarly in the exporiment are vieightinz the final
“Tigurcs and dobracting from The naguitude of the incidence of tumor., It
st be noved that this study has been an exprerizental one and that it
has been nocesesary to nioke oovszrvations by killing animals for gtudy at
regular intervals, It appears that by means of a rather involved statisti~
cel prcceduﬁe the dispfcpsrtionate welzghting of the %alucs by vhe data of
tae carly observetlons con be eliminzted. This procedure will be carried
out after final observations hzve been rode, eince it is too laboricus an
uncierte_‘d.ng to ke performed st ths presont stage when the values obtainsd

would be only of acadenic intercst,
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It mey be noted ia passing that if the over-all incidence of tumor

anong the”ékﬁEﬁéﬂ"ahiﬁilé_ﬁhd"béén_bhly slightly sreater--11 per cont
rather than 9.5 per ceat-the difference bebeen the incideﬁ&e for the

. exposcd group and for the control oroup would have teen statlistically

significant.
VI. SUIURY
e ~ An erporicent concerning the influencs of inhaled asbestos dust upon

the incidénce of pulmonary tumors in mics has been in progress for 1

nonths. Analysis of the reswlty ol this experinent reveals that thus fap
(after the animals have been exposed to asbzstos dust for 1l conths), the
dust has not exertéd an influence of a degree sulficient to cause static-

_ tleally significant alterations in the incidence of pulnonary tumors. The
final phases of this cxparinent will be of rreat imfortance, since at the
nost rocont periecd vhen animals vore Id1led for study the incidence of
tumors had increassd and the incresse geems to be more pronounced amons tho

animals oxposed to asbestos dust than among the non-exposed control animsls,

AJVije
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in IMice Exposed

Occurrenics

s . oy wa e
0 Aisbosztos

b

Tabla 1 .

of Pulmonary Turors

Dust

end in lMico Mot Ixposed to Dust

Strain of nica

Poziod of
ovagrvaticn

Mumber of nico with
tumor in the grouvp
expesed to asceatos

iwmer ol mdes viLh
tunor in the contrsl
group not cimecosced e

dust Ayt

nenths Hala Tanaleg llale FPeaa o
Strain C 2 o} 0 0 1
(Twncr suscoptible Y- 0 1l 0 0
stroin of mice) 6 o] 1% 1 0
.0 0 2 0 1
2L 1 7 0 L

32 7
Nbor excecined: 22 72 20 72

Incicdence ¢f turor:

Strain €57 Black
(Tumor non-suscentiblio
strain of mice)

Number axominsds

Incldance of turmer:

. Incidenca of Liomor

Eboswn

NCOOO
t!\)l—"C’(DO

19 65

\n
sreo

in toth groupe:| 17 - 179 = 9.5%

CQOO0OO0OOC
HNOOO

20 69
59

3 ~:~ 89 & 3.1%

4 Uslignamt
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. ' . .Table 2

reidence of Pulrmonary Tusmors

=]
=
o
Ll
0
o]
a
T
0
Q
Je
5
1

in !Hce Txposed to Lshbeatos Dust arnd in ifice llot Exposed to Dust

. 0

Groupa of nleo Cbserved Trice the Statistical
conpared : difreronce in standard error significance of
incidence of differciuce otaerved difference
ter comb ner cont
Strain C
asbeztos group .
vs 5,2 8.8 tot simiilicant
"} Strain € . l
control proup

]

train C57 black
shestos group

. e - 2.5 6.5
- Strain €57 black .

£ ¢

b-\
cr

siznificant

o
control sroup
ALY agbestos grouns .
(both straing) :
V3 4.0 5.5 ot significant

ALl control mroups
(both strains)

A1l asbestios groups
at 10 and 1l montis

vs S 8.3
A1) control groups
ot 10 and 1} ronths

&
o

ilob sicnificeny

111 astestos proucs
(total. incicdence)
v3 32 L.8 llot sicndlicond
ALl grougs ¥
(total incidence)

4 The values for 211 rvourc (botal incidenee) are baced upon otdervabiors for
the asbesbtos und the control groucs and aloto Lor goours cxpoassd o Two

other ductee—i=on oxide and qusitie=in anothcr expericont.
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