SONFIDENT1AL 714 REPORT

PHE B/:0T0XI1ICITY C¥F PEBRL
to

Yhs Perlite Inastituie
10 Zest Loth Street. Haw Tork 15, New York

by

The Saranec Laburatory
7 Clmarch Stree!. Saranac Lake, New York

March 19, 1955

Submitted by

T e 7
(=22 2 rlsfran
3. ¥W. H. Ssheperg, M.D,, D.Se¢.
Mrecsor

~ PLAINTIFF'S
¢ EXHIBIT

T

ISR 047 S SRR




1‘ N

e Beioros eborotory

Periice inetdvaios

Fioel Roort « 3933
- b
- . 3 y 3
LU i s B NTES [
[1

To  INTASDUCHLOH

11, HATERTAL :

1IX. M™ETEODS

(o Erperimen’sl faimsel Crovos

. Chendenl Znalysis ol Andmsl Lungs
1or Sillizon

IV, RESULTS
A+ Dust Ccicentrziion
B, Course of Infection
C. Ash and Silica Content of Lunge

D. Retep of dccumulation and Excretion
of Silica in Animsis Fxposed to Perlite

Y. VISTUE:

Ll

TOx
Yi., FURTHER RESLAKCH

VIT. OSIMMARY

TeBIES - 1 .

FIGURES

]
]

e

MTC 013942




Tanne Latosatory
> Inetitute

Lite
anl Leporn - Gelfw8

(%3

I. JINTEODUCTION

This final report from The Sarsnac Laborztory to the Perlite Insti-
tute covers all observations made during the recently completed experiment
which was designed zs 8 study of the effect ot inhelaticn of Perlite dust
upon the course of tuberculosis in the expsrimentel animsl,

By meane of & provious experinent it hed been shovn *that tie Inhisle-

tion of Perlite ducst caused no sipnitricant pulmonany fibrosie in normal
enimals, bui thal tiue presence ot the Psrllte in the lung tissue stimu~
“1lated a tuburculous infection. In view of the rarity of wach a
combination of findings, a further atudy of the relationship tetwesn
Perlite innalation and tuberculcsis was indicated. The experimentis wiiich
vere designed were intended primarily to reveal vhether the tubarcilogeniaz
effect of the dust deposited in the Jung tissues would continue to be
exerted during the months af'ter cessation of exposure. This point was
considered to be of practical impertance in industry, because, altnough
any dust-sxposed laborer who might develop tuberculosis would be remeved
from exposure ror treatment, the cutlook for successiul trestment yould
decend in large msasure ugen wheller or nrot the stimulatory etftzet cf dust
on a pulmsiaary tubverculous complication would persist., In huwman silioceia
complicated by tuterculosis, for instance, the prognosis is usually greve.
This tact las been demonstrated also in animala, the stimulatory effect
of quartz dust on tukerculosis in experimental enimals persisting long
after dust exposure has stopped.

The present study has provided obscrvations which permitted subtmis-
sion to the Perlite Institute on December 10, 1954, of the tollowing sum~
marized statement of the ef{fects of Perlite on animnls:

// A, Perlite does not provoke any detecteble primary lung diseesse,

B, The continusus innalation of Perlite dust stimulates the
ceveleopment of tuberculosis in animals, which therefore
develop preogrescive lesions.

tzreapbicon of lerlite dust cxoosure sfter six moulths and

efter tursreulesis has hecome established does not wmodify
materfzlly the rate of crogressica of the tuberculesis during
thie suceeceding O worthe
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D. 4About 8 to 12 months sfier ths withdraval of the Perlite dust
exposure the tuberculous process begins to wane in the sense
that a previously progressive disease comrences to show signs
of heoling through tibrosis. Ultimstely the digesze is arrested.

E, Healing of a tuberculous infective process lLias never before in
the experience of The Saransc Laboratory occurred undsr com-

v parable experimentel clrrumctonces in which animale were exposed

to quartsz dust, and survivsl for &g long =g 12 months 1ls ax~
ceedingly rare.
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F. Tne a-eilng orocese Ia incomplete In tue ssnge taot while the

cellalar coxponents =f the tuberculous lesions clssppeer,
nerhed filrens scar forumatlon takes ita vlace. The healing
eaguencs of tuberculssis in an:m:ls is nermully complete with-
vt the formatisn of sucsh exiensive clcauvrization. In this
rzapact, therefore, tus luuy .in snt b interproted ag a
=irmiticrnt patunlocierl reaidl

-

The evicdence upon vhich this summary was based will

@
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TL pATERIAL

The nroduct uaed o diating I the odrerolt e nama o8
thet used In the crigicel exgeliment concerninug wilch & rinsl report sa
izaued cn March 14, 1?“*, This preduct is idernti:ied by The Ssransc
Letoratery Noo MD 201, wad 1is physiesl snd chemicel omposition as detsr-
mined ¥y us ure srasgented in Table 1.

eliay wes

III. “"WD&

A. Dust Room: The o rovedure with respect to tne dusting u! the animsals

was identical to taet in the earlier study. The experi-
ment was conducted in a specially-constructed cubical dust room 8 feet in
gsach diaension. The dust was generated mechenically by & peddle wheel agi-
tator rotating in a duaest hoppor. The dusting spparatus wss kept in
operation fer 4 hours s day, 5172 dsvz a wesk. The snjuals lived con-
tinuously in tne dust rcom but thae room was ventilnted by means of fresh
cutside air '"4ug pericuds vner the dusting zppsratus was unt furctionlng.
The dust concestration was controlled at reguler intervals by countiag the
periicles collected by mzanz of the midget Implnger..”

s infection of Animals: &3 in the previous study, the infecting tuterecle
barilill were of the stienuated human Ry airain

1A1EL, &F s spee bedly emphacired, 1s capable of producing in
luen pige = tubey Caig 1nimcf on viiieh devilogpe £54 progreszes for
L2 eonthin 24 sl -4.w.' v, ."* « period of meny months, regreeces

gl hsala. e infectid
sicn of the ovgeniasm

€ wd by preparirg a Jdilube suupens
) g
{abclie for a fi;zﬁ
8
4l

1 and the snimals vers causad to
atosizaed st of thile suspensioon.

e ti: The reame dcse of nrganismp at the same
to e ex.osed to Just.

.

Control eaine
timn mz2 were the hnlx'“

droupp: 8 mnronsg of Lhs preseat sbudy was
ta wrczastoin vhelher or not inkeled Fer-
tite dust, onca depoelitsd in the lung. could stimelste tubereulosis daring
a8 subgequent pericd of ncn-exposure to the dusti, the tollowing protocol
oy dust exposure snd sacrificing intervals of animal greups weas designed:

. Experiments &

e
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Group A. Intection by inhelatiocn at tre beginning of a six-uonth
exposure to Perlite dust. Sccerificings during and after
exposure in order to ftollow the coursge of the tuberculo--
sis, Sacrificing periods at 2, 4 and 6 months of exposura,
end st 3, 6, 9 and 12 months after the end of exposure
making a total observetion period of 18 months following
infection,

Group B. Inrection at the end of a six-month exposure to Perlite
dust. Sacrificinga scheduled atter the intection at 2,
4y 6, 8 and 12 months.. The totel duraticn of the etudy in
this group was also 18 months,

Group C. Exposure to Perlite dust for six months with sacrificings
during exposure at 2, 4 and 6 montha, and after exposure
at 3, 6, 9 and 12 months. These are non-infected control
animals tor Groups A and B,

Group D. Infection without dust exposure, These are infected con-
trol animals for Group A and vere sacrificed at iIntervals
“corregponding to those in Group A.

Group E. Infection without dust exposure., These are infected con-
trol animals for Group B, and were sacrificed at intervals
corresponding to those in Group B, Two groups of infected
control animals were required because the infecting pro-
cedure was done separately, Groups A and D being intected
at the start of the study while Groups B and E vere infec-
ted six monthe later, This was to ensure that results did
not vary much tecause of (iifferences in the culture batches,

D, Chemical énalysims of Animsl Lungs for Silica: 1In the Progress Report

dated March 12, 1953,
it was pointed out (Page6, Paragraph B) thet in certain respects the pro-
gressive tuberculosis szen in infected animals exposed to Perlite dust was
ditferent from that in animsls exposed to quartz dust. These pecullarities
suggested that there misht be excessive asccumulation of Perlite ln the
intected lungs as compared with the normal lungs., Accordingly, the lunge
of all animals involved in the present study heve been analyzed for their
silica content, The technique used permits reporting of the silica in
terms of total weight in the lungs, rather than in terms of 1ts concen-
tration in the lung =2sh. I% is cof interest also to record the ash weight
of the total lung.

IV, RESULTS

A, Dust Concentration: Samples of dust were collected for determination
of atmospheric concentration at approximately
veekly 1ntervale throughout the six-month period of exposure of the animal
to the Perlite dust, Ususlly the collecting apparatus was the Smith-
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dlcges Teplrery and s oounl ooansuis :vne gsterwined by

particicrs uring a Light-yield ‘Mh" Ths averzge of sli
‘ serticles per cubic Tooh. ﬁu .Lomb“:; inierwmle

on 2 Jugi wa8 aotermined on & welgih hasig, wzing the

ic prscl-,»..,tatom Toe average of a1l sach deturalnetions was

per ceubic foot of elr.  The 1‘.'"1ge of veristion In the levals

B LS gummerized ln Iadia 4 nnd in Figures 1 3., itote o
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B, Doarse of Infscticns Toe course of the ifutestion in tuwe enperizentul
suimale has been presented in srogress reporis
Javed Oetober 19, 1953, and April 5, 1954, In tbie finel report £i1
noserveaiiong wre presented, wvhetiier o1 nol thev have appesred in esrliar
rezoris. The detsiled cheervaticns ln sach individuel eaimsal ere pre-
zented in Tebles 3 and 4 &nd mre graphlcaily portrayed in Figoree 12 and 13,

The =inte to be particuleriy ncted ere: (a) the progrescive charasc-
ter o1 Lue dlewane becaie ratevisd "“mm atout the 3 montha sfter cessaticn
l fust experare) ()« fter 12 zoniine hed einpwed eil mnimsls snowad
seeling lesions withool roy s:k,‘“t;oa af further progressicn but with

ideratle sealr *ormsiich. Thua tae muuders ln the tables, indlcating
bom relative extent of Zipense, reveal lhial avan tuough hesling is well
svsaced 16 i:e manifest:d Y reclscomunt of the inflemmatory process by
Loev tiuvsue ryther tawn M restoration of tae tiss:ie 1o normal,

e Amh o Silien torient o) lucgp: In the ordginel experiuent suowing
prazression of teberruleoris in

'.1:’:'\.._, Lo ....1,‘?.};0& W éth.“P:i tiet tievre

omace lungs of Iilected snlmis,
ot Lees dust was Lransferred
f:;x-‘: ;..1...;.‘ Lyt eoiea oF futected sninels then wig transe
Gon anlasle.  Giace Las ghenssusuon might sccount for tho
2 lzeose . e rilecled sniaslsd an wttenpt 183 nude to
: Tepooxeeselvs: wcuaalatis: of duet by caendcel anelysis
A T vistuey ol e srdo ) : mxgeviment Jor silicae At the
gaze Lime e welpat of Lhe g=n o7 Uhe zindiel hays wes getermined.

k]

The =eeullhe of Soe choesdml aralyess of Wis pulmonary tissue ere
arerenved 1o riguree ©, lu md il. 1in esen of these {1gures, the sloping
streignt lines indicate trends Bie tue vertieal lines connecting dotm
abrve aud e v the trand lines presant ‘ne sctusl observed values, As
the i’ig;--as reveal, the snlum’s were e, oced to Perlite dust lor six

BONWAB i were foliowid for i morthe W ereaftar,
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ihe presence of
¢liningtion of

and 1l,  Thug the
v the Iymuk nodes oi infocted snimsls

iag peiniy elipinated from the Lo w14 the
stier uaan through the lynuphat’c '

fo il 3
Y VT g
{
L

g lica 83 <o
Lerpey nuanti
ey indicates i
vesnite ooy pussiges,

& Turther peint of indorast reeorded in Figures 10 znd 21 is &
1in? repicsenciag the mmount of iung ach vhich remmns af'r 1 3uotractic

of the sillca. :".Y.:,te the ¢ thig cuenidvy increased altsr cegsabiin ol ax-
purure au inrscted sulusls sud *e:reasea in non-infected nnimelo.

0. PFzlse of Locvrmoletlion oo Tweretdon ol Alilesn ir Simlde Fxoesod o

T ——

(Supplenent:ng *inal Bsport of 1953y

At the hime of is;s..;irag khe finel rsporh concernd sohion o
rerlite dust unon the lungs of normel, nos-infectew wni 3 1t tad ol
tezn poseibls o tiagguce Ior

12 to complets ell memical ansirsss of the Ling
#ilice conbeot, Since tncse deta are now evaileble ithov ere presented
nerevith in ig ares 5, 6, 7 and 8., In each rigure thers are two pairs-cf
lines, one pelr ravealing silice in terme of weight encd the other pair
repraesenting & percentege of the lung ash. The lungs from two zoimsls
were asnalyzed ul esch time interval and the upper and lower idnees of cach
pair represent msxiaur &nd minima valuves,

In Mlgure 7 1t g enosn that the percentage of silice rapidly reuched
sbout 60 at 8 monibis of exposure and during %he euccasding 16 months rcs
et a retsrded rete to & maximun of only 66 per cent. Iu coutrast the
*-might ef ailien increscasd =t e unlitorz rate up %o 24 monihs except for
cne pedy of Dighwelues wv i3 2o \:1“‘89

Flogra § thep s

~tierl results abtained in aninals killed =zt
vervals ef Lan i

w0 expouure paricd arx pressoted.
sasidtrabie varist ihe latn obtained tuit in zeneral
ary o o be TItlle tendiacey fer repnid remcvel of ine deposited

1o

tgure 4 revasls t"a rindingn in a2 orief experiment *nvo..u'xg expo~-
sure for g pericd of § 2eys feliswved Ly % duye in normel air. Agaln very
little if aav of the acc e latad i?z: svag ranoved during ¢ of the days in

normsl sir. ’

In Pigure 8 dalr ars aspembied showing Lo yetes of silica scoumilae
tion in the lungs of ruts exposed .to ferliie dust ovar =n 18 uenth period.
The results with rats are more veirisble then tor gulnes pigs cencurrently
exposed (Fig, 7) but general irends sre similar.
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V. DISCUSSION
The .most importrnt and precﬁical point demonstrated by this atudy

is thst, although pulmonary deposition of Perlite dust stimulates pul-
monary tuberculosis, tne stimulstory action persists for only a relatively

_short period of about 8 monthe after interruption of just exposure. Vhen

this fuct I8 contrasted tc the Iindefinite persisteance of the stimulstory
affect of guartz dust in the lung under comparablae circumstances it becomes
clear that Perlite dust, thnough dengerons, is dlstinctly less potent than
quartz in this respect.

This less pronounced tuberculogsinlc propensity of Perlite should not
be underestinated. VWhile the experimental evidence suggeste taat tubsrcu-~
losis in the presence of Perlite dust doea not have the high mortelity
rate of tuberculosis in the presence of quartz, therz is yet a rather
prolonged illness and in the animalg the extenslvez rezidual fibrosis may
well be associated with some loss of luug function,

It is granted that itane course of events in R} infected guinea pigs
does not necessarily indicste precissely what is to occur in indusirisl
vorkers exposed to Perlite dust who may develop tubsrculosis, Thus it is
possible that in Man there may be no demonstrable effect of thie dust upon
intection. Or the other hand, the etftect may be even more pronounced and
prolonged in Man than it is in the guines pig. However, the good correla-~
tlon tound in previous studies between tue effect of various dust upon Ry
tuberculosis in guinea pigs and on tuberculosis in Man indicates that the
experimentsl findings with inhaled Perlite dust should be considered as =
werning tnat some degree of hazard exists but that the dust is Ly no means
as noxicuus ag quarta. An attempt has been made to present graphically in
Figure 14 the correlation we believe may exlst tetween the zuinea pig
resulte and the possible eftects to be expectsd in Man.

¥ith respect to the epplicaticn ¢f the experimental resulds to the
egtimalion of ellowable cust coucontrebions in industry, the ctservaticns
in theee experimentg wit: tubercidsun giines pigs seen to require that
etwospheric suspersious of Ferliive proazcis shionld be regarded e&s sonswhat
more serious than mors nuisance dusts, Since the evidence is that at least
one of the Perlite dusts cen stimulete tuberculous infection, it scems wise
to suggest a somewhet lover limit cf councentration tien the 50 million
perticles per cubic oot menticned ebove. Since the influence of Perlite
dust upon tuberculous infection is not as proncunced as the influence of
quartz dust, it would appear thet concentrotiens higher than those allowed
for quartz dust would be permisalble. In the case of atmospheric suspen-
sions of relatively pure quartz dusi, the generilly sccepted mexirmum al-
lowgble concentration is 5 million particles per cutlc foot of air. Om
the basis of the consideraticne just mentioned, it would seem that a

" maximum allowable concentration for Perlite dust may be greater than this

though eppreclably lower than the standard permitied tor mere nuisance
duets (50 million particles per cubic feoot of air).-

e

MTC 013948

P o pe—



The Saranac Latoratory
Perlite Institute
¥insl Report - 3-19-55

The attainment of such & maximum level of dust conceniration in many
plants mey indeed require strsnuous precautions, but such efforts will
surely not be es intense or costly as they would he were 1t necessary to
reconmend’ a maximum concentration of tne order of 5 million particles per
cublic foot,

Great ettention will elso hsve to be given to careful pre-employment
selection of persomnel who do not have tuberculosls or scars of past
tukerculosis. A4l) parsons exposed to Perlite should be subjected to
annual radiographic examinatica end any silowing suggestions of tubercu-
losis torthwith eliminated rrem turther exposure.

No persons alresdy suftering from tuberculosis or wiose x-rays show
signs of past pareuchyasl tubsrculcsis should be employed under circum-
gtances where they mey be coused to inhele Perlite dust. Personiel
exposed to Perlite dust should undergo periodic x-iray examinations tor
tuberculoszig, Wien tuberculosis is suspected in any worker exposed to
Perlite dust, suchi & person siculd be immadiately removed from such an
environment end caretully studied.

The reason for the stimulatory ertect ot Perlite dust upon tubercu-
losis remains obocure. The identitication of the mechanism of such
action would constitute an important step towards its ultimate prevention.
It was suggested in the progress report of March 12, 1953, that the mech-
anism might be related to excessive pulmonary accumulatlon of Perlite dust.
The present study, rigures 9, 1O and 11, rules out this possibility.
Other possibilities exist and are being examined.

The nature of the healing process in these animals is also of inter-
est, in thst it is accomplished chiefly by scarring of the lesions resther
then by resolution or disappearance. The healing or tuberculosis in
experimentat enimsls is usually by resolution, and involves much less
scarring than is custoxzary in healing humen tuberculosis. The course ot
these phases of the disease is summarized in rigures 12 to 14.

~ The rather extensive scarring noted in this study may provide a tool
with which the effects of the residual fibrosis could be investigated. How-
ever, such investigation must await the availability of tunds tor basic
research.

A finel point of academic interest is apperent in the results of
chemicel analysis of the lungs. This point pertuins to the rising trend
of the llne representing the pure lung ash, minus silica, in the infected
animsls after interruption of dust exposure. In uninfected animals this
trend is downwards. The difference between the weight of pure ash in each
group of infected animsla and the weight in uninfected animals ie statis-
ticelly slgnificent and-may parallel the degree of tissue reaction present.

T
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VI. FURTHER RESEARCH

In wisw of the ireiwendous industrial inportauce of Perlite and the
likelihood of its future ues on an extensive scale, jurther research cn
its unique tubtercidegenic propensity is to be highliy recoumended, psr-
ticularly with retfersncc to e questions:

ther animals nearcr 1n the evol.itionavy scale o Man e
=ly to resst in the same wanner as do gainoa plgs. Ve rec-
commend & study in viiien Monkevs wre to be used.

A,

B, Ehuether the progressive tubsrculosis observed ander erperiusntel
canditions ie mmenebls to satisfuctery treatment by mesns of
nodern Bie~ 8nd chesoiherspy.

0, WYhether the dissbilng effects ol tas mate fivrosis may be
prevented or minimited tarough the adm;nlstra ion of subeiances
such =8 coruizcne;, vhica are lnom te bz effective againsi a

variaty “1wroils phenomene in lan.

.
ariely i Fi

L. Vhelher the aduixture of oiner comgercisl suhbsbanesg wita
Perlite in likely Lo enhance o reduce its harmitil effects,

E. Vhether ferlite in & stete of tieev subdivision would uav
effects wmetorially different then inoce of the produci ve

gtudied.

Taroughout thls raporl we neve sc far zszimed taet whst happens to
the goinea pi: 1o 1dkely slso to happsn to HMan, This iw not necessarily
toe case.  In the sage of ausris dust the lexicnsg sesen in guines pigs sre

dentical with theue ssun suman victims of silicosis. However, Zn the
experience of Thae Seeaive gty with en extensive perieg of sub-
stances cther thoo guartz B wevesd speciss variebilidty ves often been
cbserved, Though axue Rlug fer optiviotlicenlly sxiranolated our results
“directly JSreow o piea to Men (b woalogy with quarez) it may yet prove
to be lhe o it Ferfdte wili rreve to te wusie dongerous to Man than

thie guines piy resulte vould geen The tuberculcus zempllica-
tien mey, on the contrary, also orove io leg:r or aore zerious

in Man. To test theses possibiliiles ww wonld Like %o recommend a giudy
of the effects of Perlite on a greup of mbout 10 monkeys.

Ty araiior

The tuberculous eovplicaticn wos yhow
This ls the result without chewmciherapy. 1
grest practical importance ta study the influ
and blotherarzutic agsnis which have preved g c'uo,|_es='..f.‘u.l in iwmen tuter-
culosis, These drugs nsve,hovsser, cunslstantly teen & failure in cases
of tuberculssia complicuting or combined with =il cosis, At the nost they
hold the dlseese temporazrily in checlt z.:: r~elepsc asually tollows soon
after the drug therepy ip wvithirsen.

1zal by reens cf acarring,.
Lo deared tc be a matter of
nee of the modern chemo-

W
i
et
<
ok

v Be:
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The Sarsnac Laboratory has had experionce with one oiher suhstonce
(aluminum) in vhich tuberculosis wes stimulated by the metallic dust
though the latter alone had no primary fibrosing effect on the lung iis-
sue., In tkis case the tuberculosis responded repidly and complaetely to
chemotherapy. It is possible tnat the tuberculosis provolkad by Parlite
may show agimilarly favorable effect provided therapy be introduced suf-
ficiently carly. It is therefore strongly recommended thet experiments
be sponeorsd in walch thae eifeet of drug therapy in Perlite iaducedinber—
culosis can be determined. If the disease responds readily and psrmenently
the outlook for Perlite will bte considerably improved and it would ue per~
kaps permissible to relax somevhat in respect of dust precsuiions. On
the otker hand, if the tuberculosis were in spite of therspy to follow the
game inexorable course as does the tuberculesis provoked bty quartz dust,
even greater precautions will nave to Ye cbserved. The residusl fibrosis
of the lungs may in iteelf be a severely crippling terminal result, judg-
ing by the extensive nature of the lesions in snimals, The clsability o
te anticipated from such fibrosis may be ccapared with ihst feund in as-
gociation with edvanced silicosis, It has been shown that a nunber cof
the fibrotic complicaticns of pulmonary dicease respond well to subztunices
such ag cortisone and ACTH., I% would be of considerable m:dical interest
to determine whether tinese same results could be expected in the cese of
the residusl fibrosis likely to be Induced by tuberculosis supervening on
Perlite exposure. If ACTH or cortisone are likely to prov: beneficial
the gravity of the tuberculogenic propensity of Perlite would once more
te nininized to some exteat. :

It geene nighly probable thot viorkmen will seldom be axposad te
Parlite alone. It %s evren possille that Perlite will be commercially
mixed with other substaanes such as eement, gypsum, t2le, cshestos, eto,
Taa effect of doubls exposures of this kind may be either worse or less
harmful than the individuul substances vsed in isolation, Uement, for
instance, is, except for its influence in causing bronchitis, harmless to
tae lung tissue 1tself in gpite of its high free silica content. Moat of
tne silicates are similarly relatively innocuous. Quartz combined with
tale or with ashestos, however, have an enhanced deleterious effect on
lung tissue. Gypsum, on *the contrary, tends to neutralize the e¢ffects
of quartz to a certain extent, It cannot be predicted yet how any parti-
cular combization of substances will behave when introduced into bmursan
lungs as dust. If it is already the practice to combine Perlite with
other substances it is recommended that their combined pati:ogeniudiily be
experimentally explored.

It is of rurther importance to examine the particie size range vnder
which expoesures to Perlite are likeiy to take place. Receat studier in
| The Sarenac Laboratory have revealed that substancee which are inert in
| the larger particle size range may ueverthsless become patihogenic in
\ smaller and especially ultira microscopic particle size renge. As shown
in Table 1 the median size of the 1.64 per cent of particles in the Perlite

o
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wo studied wes legs thar 5 microns. However, in the dust clouds raised
in the Perlite chamber we maintained en average particle asize of 82 per
cent of the microns, Quartz of a particle sgize larger than 5 microns is
virtually inert and the particle size range exerting maximum pathogenic
effects lies below 0.5 microns. In the Perlite experiment fewer than

50 per cent of the particles were less than 2 microns and less then 15 per
cent were under 1 micron in size. It should be polnted out, therefore,
that the fevorable result thus fur otteined with Perlite only epplies for
products comparable to that represented by Substance MD 201. Should Per--
1lite procducts be merketzd or used in such & way &8s to yleld dust clouds
with a particle size ranpge considersbly smeller then the medizn diameter
of 7 micron dismeters we have studied thus far it will be necessary to
re-examine their separate effects individually. The emeller the particle
sizes to be encountered the more necessary will e renewed experimentation
become., It must also bz pointed out that the present product contsined

1 per cent quartz only in the fraction with a particle size smaller than
200 mesh. Any other products with 8 quartz content substanitially higher
than 1 peor cent will require renewed experimentation. It is particularly
to be emphasized slso that when quartz is heated to temperatures in the
range of 300° F, to 2300° F. it may undergo a change with its isomers
tridymite end eristobalite. These subsiznces are appreciably more harm-

“ful 4o humen and snimal lungs than is qguartz 1tself. Shkould Perlite be

treatesd commercizliy to such temperature ranpges it will be nccessary to
dotermine the prescnce or abseuce of cristobalite and tridymite, and if
these are 1'ound the whole issue will have to be reviewed.

VII, SUMMARY

1. An experiment, designed to reveal the influence of inhaled Perlite dust
uvpon ihe R], tuberculosls in guinea pigs during a period after removal
cf the animais from dust exposure to normal air, has been completed.

2. The previously cbserved stimulatory sction of Perlite dust upon R
tuberculosie was a gain demonstrated and was shown to persist for about
8 months nfter interruption of dust exposure. Beyond 8 months, how-
ever, the stimulatory action diminighed and the diseage healed.

3. Healing occurred by mezns of zcar formation, rather than by disap-
pearance (remolution) of tue timsue reaction and restoration of the
lung to nommsl,

4s An overall evalumtion of ire present study and the earlier cne pre-
viously reported, when compored with cimilar etudies with quartsz
dust, warranis the suggestion that the tentative allecwable dust con-
centrations for Perlite of ithe typ- studiucd at The Seranac Laboretory
might be somewhat higher than that for quartz. On the other hand, if
Perlite products are to be marketed with either a higher free silica
content or with a greater proportion of fine perticles less than 5
micronz in diasmeter the whole situation will require to be reviewed,

10w
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Table 1

PHYSICAL AUD CHEMICAL GHARACTERISTICS O PFRLITE - -
PRODUCT MD 201

I. Screening Test

Percentage of Bulk Sample within Each Range of Sieve Sizes

Creater than 20 mesh - 32.0%
20 to 40 meah - 38.2%
40 to 100 mesh - . 20.8%
100 to 200 mesh - 7.08
_Smaller than 200 mesh - 1.64%

IT. Median Size Range of Portion Smaller than 200 iesh: 7 mierons. .
./\\
III. Quartz Content of Portion Smaller than 200 Mesh: , 1.0%

IV. -Chemical Composition of Bulk Sample

5102 7545
Fe203 . . 0.55
Ti02 » 0.05
A1203 - 12.92
Ca0 0.85
MnO 0.07
?".’.80 . 0010
Na20 342
20 481
Loss on ignition 1.51

9.73

MTC 013953
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COURGE CF Ry TUBLRCULOSIS
EYPOSED TO PERLITE DUST AND 1H UNEXTD

Tetls

AT

pothIGnan L
& Inzvitate
;1 Repord -

1 GUINES PIGS
RIX

2 CCNTROLS

R SR SRR
:

3-15-55

Group A

INFECTION PLUS PERLITE

Infection at Start of

Greup D

INFECTION WITHOUT DUST

Controls to Group A

Pust Exposure
MAnimal Darstive in Stetua of | Aninuld Dursticn in Stetus of
Nuaber Months Disense Number __Months Mgease
Perlite | liozmsl | Periite | Normal
Dust Alr | X # Dust Alr
3K P 0 S1 | F-0 21 K 0] 2 5-1
LK 2 0 8-2 | F-0 2 K 0 2 s-1
7K 4 0 &1 | F=0 23 K 0 4 F-0
t
8 & 4 | o lp1|Fo0 %K 0 4 F-0
%K 6 0 P-3 | F-1 25K 0 6 F-0
10K 6 0 |[P-2 K0 || 26K 0 6 _F-0
11 K 6 3 P-4 | F-1 27 K o] 9 F-0
12 K 5 3 P=-3 | F-0 8 K 0 9 F-0
13 K 6 6 P-4 | F-3 2K 0 P12 F-0
14 K 6 6 P-3 | F-2 30K 0 12 F-0
15 K 6 9 r-1 | F-3 21 & 0 15 F-0
16 K 3 9 |p-2 | F-3 12 K 0 15 F-0
17 & 12 P.o ¢ F-3 234K 0 18 F=0
18 6 12 [P0 ?Lr-z. 35 K 0 18 F-0
Key: K = Killed
D = Died
S = Stabllizing
P = Progressing
F = pibrosis (Collagen desposition)
Nunbers indicate relativa extent ol involvement.

MTC 013955
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Tatle 4

COURSE OF TUBERCULGSIS IN ANIMALS B
EXPOSED 7 PPRLITE DUST AND IN INXRCTED CONTHOLS

Uroup BA— - Group E :
INFECTION PLUS PERLITE INFECTION WITHOUT DUST
Infection at End of |
Dust Exposure Controls to Group B
Animal Duration in Status of Animsl Duration in Statug of ?
Number Months Diseass Number Months Disease 3
Perlite{ Normal Perlite | Normal
Dust Alr Dust Alr

S7TK 6 2 P-2 10 76 0 2 S-1
58 K 6 2 |p-2 F0 77 0 ) s-1 :.
60 K 6 4 P-2 | F-1 78 0 4 ¥-0 '
61K | 6 4 |P-2 |{F-1 | B 0 4 F-0

63K | 6 6 |p-2 |F2 | 80 o 6 F-0

64 K 6 6 P-1 | ¥-0 81 0 6 F-0
67D 6 6 P-4 | F-1 o
8K | 6 g |P-3 |kl | e2 0 g 5-1 5
69 K 6 8 |P-2 [F-1 | 83 0 8 F-0 “
7% D 6 1 | P-1 | F-3
72 K 6 12 P-1 | ¥-2 g5 0 12 ¥-0 ‘Lw
BE | 6. | 12 |po |ra2 | 8 o | 12 s-1 [
75 K 6 12 |P-0 |¥2 | 38 0 12 F-0 B
59 o | 1z F-0 i
a ho%0 0 12 F-0 B ’

Key: K = Killed
D = Died
8 = Stabilizing !
P = Progressing .
F = Fibrosis (Collagen depcsition) v
Numbers indicete relative extent of involvement. ;
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Amount of Silica, per ceat of Ash
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weight in Milligrams

The ‘Saranac Laboratory
Perlite Institute
Final Repcrt 3-19-55

200 |  Weight of ash minus asilien
in enimals with dust only
and dust plue infection

180 L
160 L

140 L

<¢-Period in dust —p ¢~ Ulecn £ir - — : : -
120 L ¢

7
00f LA

[N

80 .

i / // \\“"‘~N, v

—

' -
€0 ’ ! Wt —

Vs . e

L

. .
s / . Ash wlinun gilics

o
40 L, —

20 - ‘ Solid lirs: ZFeriite + Ry simultansougly
Dotted lipe: Perlilite dust only

0 1 1 f i ! i 4 A S
2 4 6 8 w0 i2 24 16 i )

v

w3 in Months

MTC 013966




Welght in Milligrams

: : *  Baranse Laborastory
Pérlite Institute
‘inel Heport 3-19-~5%

220). Weipht of lung asn &nd of silice
in animals with infectlon ut end
of 6 months dust. 1

- l ’
200} .
& x
180 -
: Weight of s2h :
— H )/ ;
- ¥ H T
1601 { -
i
140k —Pericd lp dust —{ad— (loen nir - - i o e s e
|
[ ' Avh qdnns eilined
120 ‘ | d |
e -
o - ~
/// ) / i |
} ‘_,-”'/ l
b [ |

100l -

4D te

L
<0L,
-

{ f B

[
2 & 6 a 1c 12

,..
P
b
[ Rl
fe s ¥
Y]
[

Timoe in ¥onths

%#Compare this liume for asb-minues-filics with the 1ine in .
Chert B for ash-nicus-zilice in ren-infecied enimals,

Figuire 33 MTC 013967



896€10 DLW

06 £8 vl 56 s, Y, o
T 1 1 T ] T ~rT : g A T
.wa L7A wWw i S &5
. e . . . R
- - \\ " ~t .H
g
Go—glL *OH
‘ q dnoay sTeIIUOA -7
- mmm 5o me s amen e mamanam ey, R
/. B
i B I.‘..f_ml.. _ @ e o g e :.llﬁ.\\sm
. A ! a\»..w
. k .
<mAYYOVT (s - \ 3 “ ..\A w
gy, uow W 3o 13 Tl e e e | / \ n\.\\ kS
A H \ 3 emem - —_ M\lc( ——nd =
: - % { . 7 |
i OU] TBRLL e \ ! \ ; |
; \ ; S :
! s s !
: . . ; : s |
ol ¥ ) nn - - - - ...\. -
m SUOT8 GIR0.I0 T WY u;\:.,.n.v.b;u!ll/. _ .\ et 0T
i ~ g Cuodr, / e )
; #T8OIUT S - y i % \ ¢
1 T Y Al Spep " \ . ;
; BOYT STEOINOAAqYT] - s ! ;
i . 3 S A - / o
; Alots STZOTMOLEANY - kK I
; . \ VAR
: v i
! DS 0¥0. LTLOTROIAQYY . Nl g 04 u[oXIO0] L .
A e = ) . 71
g.rd eTTI8s - / Ps1oeIuT g LN finouar :
\\ exneodyy g
JUBWDATOAUY OWT] Jo =121
pui 38 pajoeJuj
. e . g dnoxn 13}g weurny Lo
4
i —. - B e 4 v B Semande - g
- = N e e - .- ~ “102
ENpPTEa] 290X T4 e e~ .
Ju - S -
_ GOT4nToA] et Yoo
P — e g e e
~ “ ’,
S
) ) INTWTHAJEE wZIITHUIw
FEQLVL0dVT QYRVEVS.
L] *



696€L0 OLIN

£1 oandyy

i

M

113 FA & F43 ST o€ £T a2z 1t 9z 6 72 A A €
3 ¥ B Ll T 1 T | I T
ma mn 9T 7€ 7t 6¢ 4 SR XA ot n_m w £Z ..\ am 4
——— P —  ——e——— Akt et - arar —— —— b ———— 3 —— - P T S e SRk e TEW AN e /
T~
SE-TZ ,oa..tll\\ Nl - -
8T0I1000) ~ ( dnoag ._ / @ v
o NS o pt
..\\ ’ \M W; 2 -~
“_ M B &
H 3
\ [2]
e e —_— epie ..,.m.\utll!l.'l!lu.*‘.ll
: ]
/4 ——
/ ,/ : _:. qUSWEA J0AUY QW]
VAR N ' ]
A w. ' L i
FOUSE g O QTERY - N _
SUTY THICL — ..J. . \ oT-¢ *of - ¥ duoap
‘M h'd /
anoe 8TOXqYI — <~ - - 1 ' \
Vo \\'L:i.i_!,, -
afs0IqTy 4 . \ \
and sTEcTnOZeqny H \\ 7 \v_.«, i1 \
¢ \ 20 U { -
suoTw @isoTnAXsany, —-- - - \ /N v f . .
_ - N \ L v ©3 syoajuop °‘pagoejur
UOT3ORLI ENOTRAIAQYY me AN M /\ *g*1~q dnoap - N
gnyd ¢3f1dag - e v .ﬂ ! \ : eansodxy jang .
- Jo
. / 33835 38 PojosjuY
wOpTESY 9T104qTS . ———— .- ¢M
Jo ~o PAAEN i -
/ N~ N
woranyoay , v S
/
X
. e e e 7 duoxp - e8¢4 veuyny
w4 .
p “ LNIHTHIAIXE WwGIINMIdy

—_— _ IHOLYVMOITT OVNVHVE

or

91

81

oz

2EVTUTLAG

J

eXuas

~
S

v

vunL



/

REL . IVE INFLUENCE OF PERLITE AND QU...1Z

R ON_THE
. COURSE OF A TUBERCULOUS INFECTION
100, : J
/'/
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O (Predicted)
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>
Perlite .
(Predicted) e
\\‘
~
.
\\\
- AN
v L T ¥ ¥ . L [ 1} q 1 4

s & T 8 ¢ 1 11 12 13 1, 15 16 17 18
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100., ;
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e COUXNEA P 10 -
80.] /
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éc P e T
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Figure 14 MTC 013970
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