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FOREWORD

-

 For many years the Saranac Laboratory, of Saranac Lake. N. Y.. and the
Melntyre Research Foundation, of Toronto. Canada, have heen conducting rescarch
along somewhat parallel lines. For the past five years the Mcintyre Research
Foundation has held its Annual Meeting on Silicosis and Aluninum Therapy in -
various cities in the United States and Canada. while The Saranac Laboratory.
since 1934, has sponsored a series of Svinposia on Industrial Pulmonary Diseases
at Saranac lake. These two organizations pooled their knowledge and resources
for this conierence, and the proceedings are documented in this volume.

Saranac Lake, for many vears a center for the study and treatment of pulmonary
tuberculosis and other chronic chest diseases and. moreover. a world-renowned
recreational resort. provided a unique and attractive setting for the conferenc.
i'he sessions, which were very well attended, attracted more than 250 personss—
mcluding visitors from the United States. Canada. Seuth America, France. Fng-
land. Scotland, Wales, India, and the Union of South Africa.

The pronouncements in respect of occupational chest diseases, which have been
emanating from The Saranac Laboratory and more recently from the Mclntyre
Research Foundation, have in the past influenced medical, engineering, and legal
thinking in terms of these diseases. The views expressed at the preceding con-
ferences have guided management, labor, compensation courts, physicians. engi-
neers, lawyers, and educators not only in the United States and Canada but in
many other countries. It is hoped that the record of this most recent .conference will
in equal measure also prove of benefit to those who seek firsthand information and
guidance concerning the problem of occupational chest diseases. The prediction
that this will be so is strong, because practically every paper presented at the con-
ference was hased on original research. ) .

somtributed papers

.D.. D.Sc., Editor

ANTHONY J. Lanza, M.D..
Conference Chairman
Emeritus Professor of Industrial Medicine
New York University-Bellevie Medical Center
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An Experimentol Study on Animal Lungs

G. W. H. SCHEPERS, M.D., D.Sc.

T. M. DURKAN, M.E.

and ,

A. B. DELAHANT, Saranac Lake, N. Y.

O Sy

Studies dealing with the biological etfects
of calcined gypsum dust on experimental
animals were initiated at The Saranac Labo-
ratory during 1933 by the late Leroy U.
Gardner, M.D.. Director. \lthough the in-
vestigations were pursued over many subse-
quent years, only partial accounts of the
results have been published thus far.* Car-
ried along by the momentum of a succession
of studies of increasing importance, Dr.
Gardner had to divide his time among many
investigations, and his ambitiously planned
monograph on The Saranac Laboratory ex-
periments with calcined gypsum dust re-
mained unwritten, *

In the present papér the results oi a com-
prehensive series of long-term inhalation ex-
periments, with the conduct of which two
of us (T. M. D, and A. B. D:) were inti-
mately concerned, will be recorded. Owing
to the broad range of the experimental pro-
gram, the paper must necessarily be limited
to the presentation of an over-all survey of
the investigations. More detailed treatment
of individual histological aspects will be given

Recorded for publication July 13, 1933,
Director (Dr. Schepers), Associate Director

{ Mr. Durkan), and Research Associate ( Mr. Deia-

hant), The Saranac Laboratory.
* References 1 to 4.
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in subsequent papers. Ltfort has been m:
to avoid repetition of what has already b:
placed on record by Gardner, and though
the sake ot completeness and logic refere:
has to be made to such matter, most of |
material now presented will appear for :
first time, and the interpretation of expe
mental records and slides are our own.

MATERIALS

The calcined gypsum used the experime
was the standard product of -gaster mills a
being a commercial material, +:ri=d somewhat
composition from time to time. The following : |
proximate estimate of composition and particle-s
range refers to the product received during :
early part of the experimental studies; for mater
forwarded later the per cent of hemihydrate w
higher and of calcite, lower:

Approximate
Particle Slze !
Per Range, Avers
Component Cent B 'y
Hemihydrate CaS0O4- Hz0.. 0 1-75 5
Anhydrite Cas04 ............. ] 1—i0 4
Calcite CaCOa ..\vevnnennnnnn. 15 1—20 s !
"“Dead-burned gypsum’ ...... 3 1—-30 3
Quartz Si0z ..........coo..... PR ¢ B
MgCOs)
FesOs } covvviviininniiivannnns 2 . ..
AlsO»
“Calciced gypsum” .......... 100 1—0 5

The quartz was a commercial product supplied as
finely ground powder with an SiO, content whic
exceeded 99%. The tubercle bacilli used for t
infection phase of the study were of the R: lov
virulence human strain whose tuberculogenic prc
pensities and cultural characteristics have bet
well documented.¥

SCOPE OF EXPERIMENTS

The present report will deal with the re
sults obtained in inhalation experiments i

+ References 3 and 6.



cial product supplied as a.
h an Si0, content which
~rcle bacilli used for the

faracteristics

which guinea pigs were exposed to - dust
ander various environmental conditions, as
follows :

Calcined gypsum dust for 24 months.

-~ Calcined gypsum dust for 24 months and then -

normal air for 22 months.

Calcined gypsum dust for

24 montis and then
quartz dust for IR months. o
Ouartz dust (comparison) for 18 uionths.

Caleined gypsum dust for three weekx and then,
alternately, quartz dust for one week and
calcined gypsum dust for the next week, with

:tTort has been made a continuation of this program of alternating
what has already been
rdner, and though for
5 and logic reference
1 matter, most of the
-1 will appear for the
-erpretation of experi-
ides are our own.

weckly exposures for 24 months.

gypsum dust and quartz dust for 23 months.

Mixed dust composed of equal parts of calcined
gypsum dust and quartz dust for 25 months and
then normal air for 12 months.

Mixed dust composed of two parts of calcined
gypsum dust and one part of quartz dust for
29 months. ’

Calcined gypsum dust for 6 months. then infec-
tion with R. tubercle bacilli, and then calcined
gypsum dust for 18 months more.

RIALS

used in the experiments
ct of plaster mills and,
:rial, varied somewhat in
- time. The following ap-
aposition and particle-size
luct received during the
-ntal studies ; for material
cent of hemihydrate was

Calcined gypsum dust for 25 months, then infec-
tion with R; tubercle bacilli, and then normal
air for 12 months,

Mixed dust comiposed of equal parts of calcined
gypsum dust and quartz dust for 3 months,
then infection with R, tubercle hacilli. and then

ar: ) the mixed dust for 27 munths more.
. ~ Iniection control R, tubercle bacilli for 22 months.
Approximate
Particle Slze .
Per * Range, Average, - EXPERIMENTAL TECHNIQUES
Lent » L] . . .
0 1=15 5 The inhalation experiments were conducted in
0 1—40 4 ¥ ft. cubical rooms. The animals, kept in cages
15 1-%0 9 along the sides of the room, were exposed to the
3 1—30 ] LT
< o . aerosol ior eight hours a day, five and one-half days
a week. During such periods a rotating paddle
2 e . o device created and maintained in the room an
100 1—i0 5 atmospheric suspension of the dust under study.

free of any substantial amount of dust. Periodically,
in most cases at intervals of a few mouths, animals
were killed for study, so that “the progression of
any tissue reaction to the dust or to any infection
. given to the animals could be closely followed.

«ly were of the R, low-.
hose tuberculogenic pro-
have been ’;

Chemical analyses to estimate the amount of dust
retained in the tungs were carried out on some
animals,

PERIMENTS
il deal c. During cach experiment the dust concentration
vill deal with the re- . ~was checked frequently by the impinger method.

iati 39 i ; in .. . . -
‘atlon e¢xperiments 1n Infection by the R, strain of tubercle bacilli was

achieved by means of the intratracheal insutflation

okt A e L] £in s

_I:I(!I.()(iIL'.-li. LEFPECT OF CALCINED GVyPsey nesT

Mixed dust composed of equal parts of calcined

but perhaps not signihcantly so.

For the rest of the time the air in the room was..
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techuique. perfected in The Saranac Labovatwory’ -
Fach animal received 6 puffs of the atomizer from
a suspension of Ry tubercle bacilli containing 15 to
20 single organisms per, oil-immersion ﬁcl(l.'_
1. EXPOSURE TO CALCINED GYPSEIM
DUST ALONE .

The results of this experiment on 21 nor-
mal uninfected guinea pigs have been sun-
marized in Table I. The guinea pigs were
exposed to ouly caleined gypsum dust. For
the entire exposure period the average dust
concentrition was $+48.000,000 particles per

“cubic foot of air. ‘The guinea pigs were ex-

posed to the dust ior periods up to 24
months, animals Dbeing sainpled at various
intervals. At the end of 24 months the sur-
viving animals were removed from dust and
transferred to a normal atmosphere to con- -
stitute the second part of this experiment.
Some of this group lived as long as 22
months after the termination of the dust ex-
posure, and samples were taken at 3-month
intervals during this period.

Twelve of the twenty-one guinea pigs disd
of pneumonia or other pulmonary lesic
This mortality trend was widely (lispcr-ﬁ
over the whole experimental period. Deadiis
were slightly commoner in the carlier montis
ft would
seem that the death rate ot 28.3% per annum
was slightly high. The mortality trend in
guinea pigs in one of The Saranac Labo-
ratory experiments with a comparatively
inert amorphous silicate dust was about 22%
per The fact. however, that all
deaths in the experiment calcined
gypsuin were- {rom respiratory causes may
be meaningtul.

annum.
with

In spite of these observations no signifi-
cant gross signs of pulmonary disease mani-
fested themselves. and no nodular or diffuse
prneumovconiosis ensued. In isolated ani-
mals  pigmentation commenced to appear
toward the end ot 10 months, and minute
foci of atelectasis could be seen. After a
vear of dust exposure a minimal amount of
pigmentation became an  almost constant
sign, and atelectasis was more frequently
nhservec  The microscopic counterparts of
these feaatres will be described in further

) 325
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].ABLE 1.—Bivlogical - 4ctwu of Culcined Gypsum ust
Guinca Pigs Were Continuously Exposed by Inhaldtlon 10 Ihc Du:l Untii l)Ldth

Tissue Reaction io

Lungs Pulmonuary Lymph Nodes -
Exposure : e, ——— e -
Guinea to Dust, Cause - Fucal I"ig- Focenl Pik- Eplarged
Pig, No. . Duys Fate of Death mentution  Ateleetusis  mmentation Nodes
308 b Died Pncumonia . '

30 69 Dled Paeumoanla

53 - 252 Kille ..., )

32 263 Died Pneumonia : .. : .. . ..

§1 254 Died Pneumonia

64 285 Died Ppeuinooia . .

9 200 Kiled C eveeae +. + .

63 200 Died Pocumonia - .. -. .. 4

H 312 Died Pneumonia R o L .. e

°? 313 ~ Killed ceeeen + . .

H 374 Died Pneumonia .. .. +4

43 426 Killed ..., + . +

61 {75 Died Pleurisy + o +

456 610 Rilled  _..... + + ..

47 610 Killed ..., + + . <+

93 667 Killee ... . . L. ++

55 688 Died Pulmooary + - -+

abiscess

t S ¢ Died Poeumonia + + +

18 25 ° Died Poeumoonia . + +—+

>4 32 Kille ... + + .

16 32 Killed + + .-
Symbols: +, slight reaction; 4, moderate reaction; +--~, sdvauced reaction.

detail later, but in summary it may be stated
that aithough a diffuse cellular reaction ulti-
mately ensued no hbrosis attended this
process. '

The lymph nodes showed irregular en-

“largement of a- moderate degree, character-

ized by growth of the follicles more particu-
larly. Only rarely could pigmentation be
seen. There were no signs of degeneratxon
necrosis, or fibrosis.

RN

. . . . . e
[en guwinea pigs were left in normai u:r

for periods up o 22 months aiter they had
been exposed tor 24 months in the calcined
gvpsum dust chamber. Only iour of the
animals died naturally, and in only wwo of
them was pneumonia the cause (Table 2).
Pigmentation persisted in the majority, but
atelectasis soon disappeared though diffuse
cellular proliferation could still be seen. In
the lymph nodes a low-gradé chronic inflam-

TasrLE 2.—Biological Action of Calcined Gypsum Durt
Guinea Plgs Were Continuously Exposed by Inhalation to the Dust for Twentv-Four \fonths
and Then Were Transferred to Normal Air \Where They Remained Until Death

Tissue Reartion lo
- A

Lungs Pulmonary Lymph Nodes
Exposure ° ; —_— A ~
Guinea to Dust, Cause Foeal Plg- Focal Plig- Eolarzed
Plg, No. Days Fate of Death mentation Alelectasis mentation Nodes
533-54 2 Kilted  ...... + .. . +
46 o2 Killed + . ++
st N Died (n + + . .
38 44 Died ($4] + e - +
88 46 Died Pneumoania . .
T 47 Died Pneumonia . .. .. +
96 588 Killed B + .
. 8 666 Killed - .- . .
9 668 Killed ~ ++
80 666 Killed e . + ++
Symbols: -, slight reactlon; 4, inoderate reaction; +--+. advanceu resetion.
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matory reaction developed during the hirst
rwo months the animals were in normal air,

but during subsequent months this sign re-

ceded. Similar observations have, on occa-
<jon, been made-on adult guinea pigs never
intentionally exposed to dust. Until the pre-

vise and specific underlving histopatioiogic

mechanism is appreciated in the case of the
aypsum-exposed guinea pigs, the sigmiicance
of the occurrence of these Iyvmph node
changes may be missed.

BIOLOGICAL EFEECT OF CALCINED GYPSUM DUST

EXHIBIT

[ 704.0
(/0)

The results of this study are given in

“Table 3. It will be observed that only iour

of the animals died:spontanenusly.. This rate

of 23% for an 1S-month period is actually
lower than the -average mortality - trend ol
219 per annum in our dusting experiments
with an inert amorphous silicate. This virtu-
ally suggests that the gypsum exerts some

measure of protection against the action of’

quartz. Tt must be recalled, though. that

these animals represented the hardiest speci-

TasrLe 3.—Combined Biological Action of Cualcined Gypsum Dust and Quartz. Dust
Guinea Pigs Were Exposed by Inhalation to Calcined Gypsum Dust for Twenty-Four Months
and Thereafter to Quartz Dust Untit Death

vival Microscopie Evidence vi 'neumaoconiosis  Reaction in Pulinonary Lymph Yodes
e o )
Guinea Qui:r(z Cellulur Degenecration Degeneration
Pig, Dust, Cause Pizmen- Atelee- ~ lofllr  ———+*——— Enlarge- Piginen. ——mm"—
No. Days Fuate of Death tation tasis  tration Fibrotic Neerotic ment tation Hynline Neerotie
53360 38  Died ? I+ + .- ..
51 63  Killed + +. < .
52 63  Killed - - . + ..
% 123 Killed + + e L
57 123 Killed - .. -+ R e
15} 134 Died -+ 4
2 184 Killed . .
38 245 Killed ++ e
7 213 Killed - .
i1y /it Died - - .
56 36 Killed -t - .. ..
63 Killed <+ - - - +
69 6 Rilled = —+ R — RSN
b 122 Rilled -t - s - — \
— 2 428 Killed + -_— " _— ;
it 187 Died + ERE . - - 44
7% 553 Killed  ...... -t -+ +r+ -+ -+ .. B

Symbols: <, slight reaction: 44, moderate reaction; -+-, wivanced renctioa.

2. EXPUSURE TO CALCINED GYPSUM DUST FOR
TWENTY-FOUR MONTHS FOLLOWED BY PRO-
LONGED EXPOSURE TO QUARTZ DUST

In order to determine whether a prolonged
period of exposure to calcined gypsum dust
would modify the usual harmful effects oi
any quartz dust which might be inhaled later,
an inhalation experiment to investigate this
yuestion was conducted. A group of 17
zuinea pigs, after being exposed to a calcined
gypsum aerosol for 24 months, was trans-
ferred to another room in which they in-
haled a quartz aerosol for periods up to
I8 months. The average value for the num-
herTof particles per cubic foot of air was
443.000,000 for the calcined gypsum dust and
120.000,000 for the quartz dust.

mens that survived the two yeats of gypsum
exposure, and 30 protection may be only
llusory.

That the gypsum does have a protective
influence, however, is revealed by a study
of the pulmonary issue reaction. \While
pigmentation increased progressively, even-
tually attamming a geometric  pattern  and
hnally producing mustard-colored patches, it,
nevertheless, was not as extreme as the pig-
mentation which occurs in animals exposed
to cuartz dust only.

telectasis was present in animals in the

earlier phases of the quartz-dusting period -

erl toward the end of the ex-
atelectasis thus may have

and Jdisappear
periment,

been a perpersation of that seen in the later
327




phases of the (\p(rumnl \\llh calcined ('\p--

sum dust alone.

Consolidation, (lnnnn'uul\ Lellular in type,
appeared toward the latter part of the quartz-

«dusting phase.
ward, areas of cellular inhitration could be
found. Strands .of Abrous tissue appeared
among these areas toward the =ud oi the
12th month. Tixcept in the guinea pig killed

last oi all, thus nbrosis remained moderate .

in degree throughout the period of study.
In this amimal and in that one preceding it in
the series, some abscess formation could he

TanLe 3. —Biolouical

From about 10 months on-~
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changes and necrosis appeared first:toward - |
the eighth .month. and hecame mueasmg]y ,
more prevalent later. .

Associated  with - these’ p.nrcnchwna] pul-
‘monary changes there was a marked catar-
‘rhal  bronchiohtis . in the quartz-exposed
anmimals which was not seen in those which
had first heen exposed to calcined gypsum
dust. The lvmph nodes likewise showed a - .
considerably enhanced and early expansion -
in the silicotic control guninea pigs, with
prngnwnc Abrosis and ultimate h)ahm-
ﬂ[l(‘l)

Action of Ounartz Dust

|

i

. .;r;hﬁ.'ip'.'i'-.ﬁ'l'-«"':'&;-i-""ﬂ

. ,-y\-i'h't'

Control Study :

Uninfected Guinea Pigs Fxpused by Inhalation to Quartz Dust -

Alone Until Death

" Gross Evidence of Sllicosis

Microscapic FEvidence of Silicosis

Tissue Reaction in
Pulmonary Lymph Node
N

— A — — ~ Macro- 0

Guinea Expo- Pleural Cellulur Degeneration phuye Degeneration
Pig, sure, Pigmen- Adbe- Pleural Bronchio- lonl. — % -  lofllr —
Nn. Days Fate tation sions Plaques titis tration Fibrous Hyaline Necrotic tration Fibrous Hysaline
G244 63 . K - -+ .. . . + .

3 1 K . - + . .. + . .

2 1 K -~ S . e o e— -

+ 25 K b .. - - - et -+

9 ww K + R - - 4 e

5 Wb K + .. + ——— 1+ +4- +=

5 iy K R - 7 -~ i .

PR S N ++ . + - - + +++ et
symbols: <+, slight reaction: ++, wmodernte reactiod; ——-, advabticel reacticno. !

seen. Necrosis was, however. conspicuous
by its absence in earlier phases.
changes occurred in the lungs.

The pulmonary  lvmph nodes showed
moderate enlargement only, with no tendency
to increase in size toward the end of the
experiment. Pigmentation remained minimal.
but some hyaline hbrosis occurred toward

No hyaline

the 14th month and in some instances was.

preceded by isolated areas of necrosis.
These changes are the more sharply shown
to be indicative of the protective action of
the gvpsum when Tables 3 and 4 are com-
pared. In the latter table. representing the
control group exposed to quartz dust only,
cellular infltrates are recorded as having
appeared within two months and were quite
marked by the eighth month. TFihrosis could
he discerned within 4 months, and it in-
creased progressively, reaching a marked
degree toward the 10th month. Hyaline
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This comparison suggests that the prior
mhalation of calcined gvpsum dust not only
retards the onset of the major effects of
mhaled quartz dust by at léast six months .
but also materially diminishes the degree
to which they evolve and modihes the nature
i the reaction to the quartz dust.

3. ALTERNATING WEEKLY EXPOSURE TO

.- QUARTZ DUST AND TO CALCINED
GYPSUM DUST

In the preceding study the guinea pigs
mhated calcined gvpsum dust alone for a
long period and then yuartz dust alone dur- o
ing the remaining time they resided in the
dust chamber. Some of the protective action
of gypsum against quartz could. in theory
perhaps, be explained on the basis of selec-
tion. {or it must be recalled that quartz dust-
ing was < amenced only after 24 months
of residenv? in an environment containing
calcined gvpum dust in atmospheric suspen-
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“sion, and after the weaker guinea pigs had
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the second year of expusure. The pulmonary

i
. ) S S g
died off. ) Ilvimph nodes likewise showed the same pat- {
A group of 10 guinea pigs was therefore tern of reaction as that-which occurs in the !
exposed to caleined gypsum dust for three  silicotic gutnea pig. :
weeks and thereafter alternately to quartz Unfortunately, animals were not killed-
dust for one week and to calcined gypsum  prior to the eighth month ; hence it is possible
dust for the next week. During each weekly that a measure of early protection was ex-
period the animals were exposed to the dust erted by the gypsum. The degree of reaction
for about 8 hours per day for tive davs and  seen in the animal accidentaily killed after 1
about 4 hours on the sixth day. or a total three months was, however, less than that .
of 44 hours per week. This alternating found in the quartz-exposed animal at two '
weekly routine was kept up for two vears. months, and at the eighth month the animal
: . ' 3
TasrLe 5.—Combined -Biological Action of Calcined Gypsum Dust and Quartz Dust ‘,
Guinea Pigs Were Exposed by I[nhalation to Calcined Gypsum Dust for Three Weeks and ii
Thereaiter \Were Exposed Alternately to Calcined Gypsum Dust and to Quartz )
Dust for a Week at a Time Until Death i
Tt i LT T —TiTT e ;
Reactlon in Pulmonary .
Mleruscopic Evidence of Poeunoconiosis Lymph Nodes
Expo- K ——
sure K Cellular - Degeneration Degeoeration
suinen to " Indltration p———— A - Cellular — : ~ :
Pig, Dust, Cuuxe #ronehi. ——m— Hya- Ne. [nAl. Ne- :
No. Days Fate of Death olitix Focal  Diftuse Flihrous line crotic tration Fibrous Hyaline erotic
%313 9% D  Trauma . + . . .- . . i
L. 1) K .. . + + .- .. ++ + + ;
PR K ++4 ++ .. + .. . ++ +~+ i-(.
H 3 b Chronie +4 + - 4+t s 3 y i
pneumonin _ -——- p
12 b Chronie +r -~= -+ - . + ++ +++ i
pneurnouin ‘ :
"o L (’hroale +4 ¢ + - - -r ++ ++ —++ T i
poeumoaia i
TN D Chronie ————— .- - —+ i - :
pleurisy i
D403 K . +++ - - - -+ - .. by, e ';
—. 4% K . e T e + + + .
AR K ... e ot + + ++ ++ +r
Symbols: +, slight reaetion: 4+, moderate reaction; —-+—. advanewl reaction; ++-+-+, very marked reaction. o
During this period the average concentration  from the latter group showed a considerably D
of the caleined gypsum dust was_ about greater degree of pulmunary and hilar node
448,000,000 and of the quartz dust about reaction than that observed in animals ex- ; §
128,000,000 particles per cubic foot of air. posed to calcined gypsum dust for a com- il
The results of the experiment are summa- parable period. - E
17 N N S - - . . )
rized in Table 5. . The point which has not been settled by 1
Four of the ten animals died of pulmonary  this study is whether this slight retardation i
causes toward the end of the first vear, and  of the pneumoconiotic response was duc to . P
the close grouping of these deaths suggests  the fact that the animals received a total ;
an intercurrent infection. The total pulmo-  ust load about hali as great-as thar which . '
nary reaction was not unlike that seen in  the animals inhaled in the control experi- I
the animals exposed to quartz only (Table ment with quartz dust only. By comparison i
with the preceding experiment it” would {

4). Marked bronchiolitis was a prominent
feature near the end of the frst 12 months.
Cellular inhltrates appeared focally and dii-
fusely, and degenerative changes followed
rapidly and reached a marked degree during

seem too that any inhibitory action which
the g¥psum may possess is not so much
dependent on thie concurrent presence of
wuartz in the lung tissue

the gypsum s




e e

as on.the biolagical responses induced by
“the gypsum.

L EXPOSURE TO A MINTURE-OF EQUAL PARTS
OF CALUCINED GYPSUM DUST AND’
: OUARTZ DUST
“Another aspect of the possible protective
action of calcined gypsum dist was investi-
gated in an experiment conducted with a
mixture of cqual parts (hy volume) of
caleined gypsum dust and” quartz dust, A\

gronp of 33 guinea pigs was exposed o this

mixed dust for periods up 1o 24 months, and
at the end of that time 13 surviving animals
were transferred to a normal atmosphere
where they lived for periods up to 7 months.
The average dust concentration of the mixed
dust during the experiment was 318,000,000
particles per cubic foot of air, and the aver-
age concentration of the quartz particles
in the mixture, determined by using dilute
acid as a collecting fluid in the impinger
flasks. was estimated to he about 124.000,000.

Although  the material in the dusting
machine was composed of approximately
equal parts of quartz and calcined gypsum,
that ratio was somewhat ditferent for the

aerosol derived irom the mixture. Table 6 .

shows that the amount of quartz was less
and the amount of gypsum greater in the
atmospheric dust than in the parent mixture
from which the aerosol was derived. For
dust that had settled on top of the animal
cages. the situation was reversed. and for
this settled material the quartz content was
higher and the gypsum content lower. This

TaBLE 6.—~Composition of Aerosol and of Settled
~Dust in Comparison iwith Parent Hopper
Mixture Which Was Composed of Equal
Volumes of Calcined Gypsum Dust

and Quartz Dust

All Samples Were Dried at 110 C Before Analysis

Settled Aerosol
Hopper Dust on Top Inside
Mixture, of Cages, Cages,
Cowmponent Per Cent Per Cent Per Cent
1[0 F 49.7 53.7 23.3
CaSO¢ .ooivivnnan... 5.8 375 59.4
CaCOs
o } ............. 26 32 07
Fe:0s, AliOs ........ 0.8 0.9 08 7
Ignition loss ........ 0.9 5.2 9.4
Total............. 100.6 100.5 100.8
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mndmnn was prub.lhl\ cluc in part ‘to. the

larger average size.. _.md "therefore more:

©orapid \cttlmg rate, of the quartz particles; -

The results derived from this study m
summarized in Table 7. Once’ again it was -
tmmd that more than one-half (in this study

%) of the animals died" of pulmonan
causes, the majority of these Succumbmg
\\xthm the earlier phase of the experiment;:
In spite of this, there was very little evidence-
ol ‘a pnewmoconiotic response hefore abont
the 15th month. From that stage on the tota] -

“reaction was that of a dominantly cellular djf.

fuse reaction. Atelectasis was a conspicuous
feature in one instance. and bronchiolitis oe-
curred in two later cases. But hoth fibrosis
and necrosis were in abeyance until about the

19th month of exposure and even then re- . -

mained limited in their extent or intensity.

The pulmonary Ilvoph nodes likewise
showed hut minimal reaction. Though they
exhibited a uniform tendency toward mod-
erate enlargement, degenerative changas. such
as hbrosis, hyalinization, and necr-
sued in-hut a few cases and to a minima
gree only.

The concurrent exposure to gypsum and
quartz, therefore, appeared to have retarded
and modified the infliience of the quartz on
the guinea pig lung. _ _

When the 135 surviving animals were re- -
stored to normal air after a full 24-month
period of residence in the gypsum quartz dust "
environment. the high rate of pulmonary
deaths continued (Table 8). Over the nearly
eight-month period of survival, 53% of the
animals died of pulmonary causés. At the time -
of their death. the majority suffered from a
chronic pneurcnia which was partly based on-
the diffuse celiular quartz-induced infiltrates,
in the pulmonary parenchyma. At the same
time there was a very marked type of ﬁbmtlc
response, with hyaline changes in some
instances. Unlike in the frankly silicotic cases..
however, there was but little tendency toward
necrosis, though a dust-engendered abscess -
was found in at least one instance toward the -
end . -he experiment. The pulmonary Ivmph
node: Were moderately enlarged and the 563‘
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TanLe 7.—Combined b‘mlo_/uul Adetion of Calcored (Cypsum Dust and Quurf" Dust -
Guinea Pigs Continuously Exposed by Inhalation Until Death to an’Aerosul Derived from .1
Mixture of Calcined Gypsum Dust ..md Quartz Dust in Equal Proportions

= . e e —— =

Reaction In Pulmonary

: Microscople Evidence of Pneutnoconiosis Lymph Nodcs
hs.:ll;: . ’ ) ) Cellular Degeneration Macro- Degencration
tmiinen to Cuuse Infiltration = ———A——u phure , Ay
Pix, Dust, ot HBronchi-  Ateleer ———— - —_ Ne- infll-- Hya- Ne-
No. Days Fate Deathb olitis tasia Foesl  Diffuse Fihrous erotle trativu Fibrous line crotie
60-23 9 Died Pneumonia .. T . . . . ++ .. . . -

3 2  Died Pneumoania . . .. - .- .- + i

19 187  Died Pncumonia . .. .. L .. .. ++ .

2% 223 Died ? .. .. + .. .. .. e . ..

33 9 Died Pneumoagia .. 44 .. 4 .. .. + .. Cee

27 232 Rilled ... .. . -~ .. + .. ++ .. .- ..

6 42 Died Empyema .. .. L .. .. . S . .. ++

24 451 Diedt Pneumonia . .. .. ++ T. . . = .. ..

25 465 Killed ...... .. .. s ++ . . -+ -+t .. ..

28 485 Killed ..., . o .. .. +++ . . + ++ .. ..

30 168 Died Pneutnonia .. o +r .. + .. + . + .

i3 487  Died Empyema .. .. s .. .. D s . ) -

39 493  RKilld ... .. . .. - .. . += .. .. +

17 11 Died Empyema . .. . .. T + . + -

32 496 Died Emnpyema B, .. .. +++ .. .. - .. A

H 518 -Killed  ...... ++ . . + -

3  H3. Killed ++ +-+ . ++ . . ..

29 3 Killed ++ ‘e + . .

33 690  Killed - +++ + + ++ .. ++ ..

o] 78 Killed . et + e B ++ .

Symbols: +, slight reaction; 4+, moderate reaction; +---, advanced reaction.

ot moderate to marked diffuse hyalinization effects of the latter as long as exposure
mn the majority of cases. actively continued, ultimately leaves the lu::.
It would seem, therefore, that the concur- tissue ditfusely vulnerable to the effects of thc
rent mnhalation of the calcined gypsum and quartz dust. Apparently aiter the exposed
«uartz dust, though retarding the mitigating  animals have resided for a period- in normal

TasLe 8.—Cumbined Biological Action of Calcined Gypsum Dust and Quartz Dust
Guinea Pigs Were Exposed by Inhalation for Twenty-Four Months to an Aerosol Derived
from a Mixture of Calcined Gypsum Dust and Quartz Dust in Equal Parts
and Were Thereafter Kept in Normal Air Until Death

W

Sur- 8

vival <= Reaction in Pulmonary
After Microscupic Evilence oi Pneuinoconiosis Lymph Nodes
End ot P - — — — .
Dust Cellular Degeneration Degeneration

Guinea Expu- Cause Puluo- Infltratioo A~ ~ -

Pig, sure, ol oary Atele¢e- —m— oo — Hya. Ne- Enlarge- Ne-
No. Days Fute Death Abscess trsis  Foeal Diffuse Fibrous line crodis eat Hyaline crotic
560-36 33 Killed veaesa .. . + . 4 + . . e . .
53 3 Killed . . ++ ++ ++ + . ++ ++ ..
41 48 ° Died Poeumonia . .. ++r T+ ++ + T+ ++ + .
29 61 Killed ... . .. .. +4+ ++ +++ ++ . ++ ++ . -
10 73 Died Pleurisy .. + . - .- . Cea ++ ++ --
8 % Died Ppeumnonia .- . + e 4+ . ++ - ++ .
32 105 Died Poeumonia . .. -+ + ++ . e e . .. \
kg 114 Died Pulinonary - .. .. ++ +4++ ++ +~+ .- .
abscess
3 N8 Died Ppeumoania .- .. .- +++  +++ . . ++ +++ .
45 119  Died Poeumonia .. .. .. +++ +++ . .. ++ A4+
42 120 Killed  ...... . .. .. T+ +++ . .. ++ +++
35 132 Killed  ...... + .. + .. + .. . ++ . .

. 8 132 Killed o EEESE R + ++ . ++ e
H U9  Died + . - . . ++ . ..
27 Killed ++ S S ++ - +

S R B U Y
Bymbols: -, slight reaction; +4-, moderate reactios: +-+-, advance: ‘eartion. 331
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-.air, the protective -action of the gypsum is

withdrawn and the quartz particles then exert

their- usual harmiul etfect. The quartz and’

gypsum also appear to have been carried to

--the lymph nodes at a differential rate which

favored the hyalinizing action of the quartz
at these sites. '

5. EXPOSURE TO A MIXTURE OF TW0) PARTS OF
CALGINED GYPSUM DUST ANG ONE
PART OF QUARTZ DUST

Since the experiment with a mixture of
equal parts of quartz dust and calcined gyp-
sum dust gave dehnite evidence of an early
protective action of the gypsum, the observa-
tions were checked by conducting another ex-
periment in which a mixture of 2 parts (by
volume) of the gypsum to 1 part of the
quartz was used. It was found that on a
weight basis the ratio was closer to 2%4: 1.
In the experiment with the 2: 1 mixture, 64
guinea pigs were exposed for periods up te
29 months, and the average dust concentra-
tion was 245,000.000 particles per cubic foot
of air. As in the preceding experiment, the
actual aerosol in the animal cages diifered in
composition from the hopper mixture, the
ratio of calcined gypsum to quartz in the
aerosol being approximately 3:1 (Table 9.

. TaBLE 9.—Composition of Aerosol and of Settled

Dust in Comparison with Parent Hopper
Mixture Composed of Two - Volumes of
Calcined Gypsum Dust and One Fol-
ume of Quartz Dust

All Saniples Were Dried at 100 C Before Analysis

Settled Aerosol
Hopper Dust on Top Inside
i Mixture. of Cages Cages,
Compeuients Per Cent Per Cent Per Cent
SiV2 cieiiiiieeiinnn. L 314 35.4 1.7
CaS0e voviivvniniinnnn 624 55.2 3.1
CaCoOs | ) 3
MgCOs § ~wrrerereees 8.2 3.6 8.7
Fez0s. Alz03 .. 2.5 0.7 0.9
{gnition loss 02 31 18.8
100.2

Total............. 9.7 100.0

Of the 04 guinea pigs, 42% died of respi-
ratory disease, in most cases of chronic pneu-
monia. These deaths were, however, evenly
distributed over the full 29-month period and
may therefore be of reduced statistical sig-
mncance (Table 10). In the majority of ani-
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mals that died of natural causes, distinct pig. -
mentation had developed, and.bronchiolitis of -
. a moderate degree was in evidence. The latter - -
‘condition .may have bheen _liﬁke_d with the
pneumonic process, as bronchiolitis' was less .
common and less marked in those animals-

which were killéd for sampling (Table 11).
Focal cellular proliferation due to dust
could be discerned from about the 10th month

onward, and diffuse cellular inhltrations com- -

menced to appear aiter the 14th month. How-

" ever, except in isolated cases. collagen deposi-

tion, hvalinization, and necrosis rarely were
observed. Such degenerative changes were
slightly commoner and more advanced in
those animals that had died of pneumonia.

The hilar Ivmph nodes likewise underwent
enlargement. mainly from cellular prolifera-
tion, with but moderate and considerably de-
layed fibrous changes and necrosis in 1solatei
instances only. _

It appears then that when the amount of
quartz dust to which the animals were >+

posed simultaneously with the calcined ¢

sum dust was reduced to about one-third ::::
level introduced in the preceding experiment
the fbrogenic and necrotizing influences of
the quartz dust were materially inhibited
despite prolonged exposure. [PPerhaps degen-
erative changes might have ensued. as in the
previous experiment, had the dusting been
discontinued.

To show that the animals had actually
trapped quartz dust in their pulmonary tis-
sues, the lungs of guinea pigs exposed to dust
of the gyvpsum-quartz mixture and to quartz
dust alone were analyzed for their silica
content. The results obtained for the gyp-

_sum-quartz-exposed animals are contrasted

with the findings for the quartz control seriesx
t Table 12). [t will }:= observed that. although
considerably less dust was retained in the
lungs of the gypsum-quartz ammals than was
trapped in the tissues of the control animals,
sufficient quartz accumulated in the lungs t
have had some fibrogenic influence. It should
he noted, however, that at the 24th month
the¥e was I little more quartz in the lung
ash of the an:mals exposed to the mixed dust
than there ‘vas at 8 months. .\t the 22-month
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L EFFECT OF "CALCINED -GYPSUM  DUST

TanLe 10.=Combined Biolouical Action of Caléined Gypsum Dust and Quartz Dust.
Guinea. Pigs Were- Exposed by Inhalation to an
' \olumcs of .Calcined Gypsum Dust .unl One Volume of Quart/ l')u~t
Lo Exposure Was Continuous Untl Death
- 'I.\hul:\uon of Animals-\Which Died of Pueumanin -or ‘Otlier Natural Cdme
’ During Course of Exposure ~ :
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Avrosol Derived from a Mixture of: Two

Microscopic Evidenee ol Poeutnoconiosis

Reaction {n Pulmonary-.

. — e —_—— ~ . Lymph Nodes
Expo. - . . Cellulnr . A
- sure: ’ . : * Intiltration Degenerution Degeneration:
tiuinen - to “Cause Pie-  {tron. . R -, — - - -
Pig, Dust, .o nen-  chio. agelee- Dit. i Hya- Ne-  Enlarge- Hya-- Ne-
© No. Days Demh tation  litis tusis  Foenl” fuse Fibrous - line _crotic © ment  Fibrons lise - crotle
w20 81 Prewmoain - ; ; . : :
ot [ (T8 Pneumonia . -+~ e F
NYEEEEE £ Tuberculosis - . .. B ot SIS S +4—l- .
47 2 Chronie L - T ++
o ' pneumonia ) . .
5 284, Chronie - -+
. poeuntonin - . )
8 37 - Chronie | - B o T
. . poeumonnia - . - .
a9 18l Chronic o + . +
pneumonia - :
. 6f 399  Chroanic - - + o+ e
. pneunonia - . B o - .
9 ".408 Chronie - +— <+ +
. pneumonia )
5o 409 Chronie e - i - +T
N _ poeumonia | 7 -
KSR} § Chronie - + + 4
- pneumonia - )
XIS B4 Chronic - - . + + . +4 -+ +
: pnetnonia
3t 414 Chronie. ++ - .. + ++ +
pocuinonia
Z2 415 Chronie <+ - P ES R + _—
pheumonin ++ 4+t ++
2 a7 Chronic - - .. - + - <+ .
pneunionin
2t 417 Chronic - - .- - + + 4
paetnonisa .
19 342 Chronie s +- .. + + - ++ ++ ++
poeumonia - -
41 (1.0 Chronic - “+ - + . —— .
- poeumonia
6 423 Chronic -+ B T +4+4+ 5
pneumooin - _
12 42 Chronie KR S .. 4 + e s
pneumonia
61 4y Chronie S E - ++ 4+ + +++ ++ . .
poeumonia
65 430 Abseess - = +++  F+ = ++T + * +
24 a2 Chronie ++= b ++ - = + ..
poeumonia . . .
9 s Abscess - - - ++ .- .. .. L e e . ++
3t 487 Abscess - - ey + : 4 4t ..
I 513 Chronic = 4= + + ++ =+
pocumnonia
EN Chronie +T ++ .. + +++ .- .. .. . . . - ..
pneuamonia ; . . - -
% 862 7 - + ++— + v+ + + + -+
Nvmbols: 4, slight reaction: ++4, moderate rerction; =<, ndvanced renction. hd
periad the animals which had breathed quartz o EXPOSURE TO CALCINED GYI'SUM DUST, THEN
INFECTION WITH TUBERCLE BACILLI, AND N

dust only had nearly three times as much
SiO; in their lung ash as had the animals
exposed to the mixed gypsum and quartz
dust for the same period. We may, therefore,
nut be dealing after all with any specific
iinhitng action against the etffect of quartz
dust on tissue but merely with it reduction or
‘dilution oi the quartz component.

EITHER CONTINUATION OF THE DUST.
EXPOSURE OR REMOVAL TO.

NORMAL AIR .
In this experiment, which was divided into-
twy parts, the etfect of inhaled calcined gyp-
tuberculous infection was

sum dust innoa

studied. Tu the first part, 20 guinea pigs, after
having bee:: wxposed to the dust for 6 months

33 -
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TABLE i1 ~—Combmed Brolumcal -!Lhcm a,‘ Colcnmd G\‘p;mn Du:t and Quartz ‘Dust ;
: 'Gumca Pigs.Exposed by Inhalanon to an Aerosot Derived.from a Mixture g_f Two -Volume> o

., of Calcined. Gypsum Dust
qudy of ' 1\mmals

= ..,.'SCHLPERS E’ 2

and. One Volume of Quartz.
Killed- for Sampling

Sympols: 4, slight reaction; ++, maderate reaction; +++.-Advnnced' reaction; A, stelectasis.

were infected with attenuated R, tubercle

" bacifli and thereafter immediately returned

to the dust room for additional exposure, up
to-18 months more. For the second part of
the experiment. the preinfection period oi
exposure to the dust was longer, nawely, 2

months instead of 6 months. After heing in-
fected. the 15 animals used were not returned
0 the dust room. [nstead, they were trans-

“‘erred to a normal environment and allowed
ta live there for periods as long 25 18 months.

As a control experiment, 12 guinea pigs
were infected by Ry hacilli but were not ex-
posed to dust.

The results of these studies are summqrwed
wt Tables 13 and 14. Before the influence of
mhaled calcined gypsum dust or quartz dust
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R.uctlon in Pulmonn_ry S

g " Mieroscopic Evidence ol Pasumocosiosis Lympb Nodes
© Expo- A an Y asranmne ———y
. - sure - o Cellujar - Degeneration - _Degenenﬂon
Guloes - ' E to ’ - lnBltration - A S - C.
- Plg, .. Dust, Pigmen- Bronchi- - - : Hya- - Ne-  Enplarge- - - Hys- No. - - -
Na. - . . .Days tatiog olitis . Foeal - Difuse Fibrotic - live erotie’ ment. Fibrotic' lae erode -
54858 . .0 147° + U R
L2 ) C U B .. Ceel e I o S PSP T
3,4 C M. b4 + + B O T
6 ’ a3s + + 4 Lo e AR T
TE 8 o + B I . e e i T e
9,32 - 402 ++ Cee 4 s o+ T + e B .
. x.o.nsoz‘uxss.'. 20 - 4 PR S S ¥ + - R RPN S + 0+ +
S 1. c480 + T o+ - R 2 o SRS SR SRR
. HLI12, 14,17, 18.21_ " 385 R aanl e ++ ++ : B B ST 2 s AR RS R
W, 54,50.683 B . + ++ A+ . EETEE ot + 0+ +
21,22,29,30 - T 4+ ++ 0 AF At + 4+ . o 2R o ST o S
H, 0,53 - - B0 F4+ ++ et . . +++ ++ . .

on the course of experimental tuberculosis -

can be interpreted,. the effect of R, tubercic
bacilli on the guinea pig lung should
briefly reviewed (Table 15). ' :
It will be noted that, of the 12 animals in
the control experiment (Table 15), 6 died
within a 22-month period of observation. In
all cases the deaths were due to pulmonary
causes, and in at least one instance the cause
was spreading cavitary ‘tuberculosis. How-
ever, only in this one case was there spread-
ing tuberculosis. In all other instances there
were either no signs of tuberculosis or but
one to three small tubercles. In only four
instances did these tubercles show any activ-
itv. Tuberculosis was detectalile in the pui-

-

monary lymph nodes in one instance, but it

TaBLE 12.—Ash ond Silica C-:onlcnt_of Lungs of Guinca Pigs After Lxposure 1o - Acrosols
Composed, Respectively, of Calcined Gypsum Dust and Quartz Dust in a
Rativ of 2: 1 and of Quartz Dust Alone -

. fiypsum: Quartz Quartz Control
f amiy s N A A A
Sillea Sillea
o " . ~
~ ~ (—- T
Exposure, Guinea Ash. % ot  of Guinea Ash, % of % ol :
Mo. Pig. No. Dried Lung Dried Lung e ot Ash Pig, No. Dried Luog Dricd Tuug 7ol Ash
3 1.2 7.63 1.34 17.45 2 9.58 273 . 858
1% 3,4.6 730 .93 12.64 me 1234 5.57 4533
B 7.8 a.67 0.76 11.52 "33, 50 12,01 .50 | A5.TT
1 -9 . w28 n.66 8.07 7 11.83- A 1.3
Y 11,12,13 49 0.81 16.4T 24,18 - 939 3.80 27
i 18,2 5.1 058 15.13 64 10.82 X 33.90
IR I RN 22, % 9.71 342 .41
x» 3, 27 ERT] a7 .97 8 e [%. 9

18.87 e
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'IABLE 13 —lnﬂucnn of. Calcine ¢1 Gypswm Dust ow Ilu' (.aur.rc af Erpcr:mmlal Tuberculo:x.r . :
“-Guinea: Pigs Were xposed by Inhalation to Caleined Gypsum Dust for Six. Months, Were - L ‘
_Then Infected .with R, Tubercle Baciili, and Were. lmmc(hatel) Returned to-the. .
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I-IFICI or CH(I\IIJ (.)1\( AY) I’L?I

Dust -Room .for (_ommuauun ol Their l xposurc to’ Dust Until Death

Sur-
- vival
Alter
titrinen - Infec-
Pig, tion. .
No. Days .
35336 u9
3% 144
16 30
17 230
3 58
s ons
38 275
19 ° 307
3 36
30 393
24 116
39 474
H 480
e 182
41 B
18 220 -
=5
It a3
&Y 561
1 it

Symbals:
HY, h).nhne chenge; N, neerosis; +, slight reaction; +-, muiernte reaction:

was inactive.
g  pulmonary
“culosis coulid be found not only in the hilar
nodes but also in the spleen and liver.

\Wlten the guinea pigs in one of the dusted.
groups 1 Table 13) had been exposed to

D-lssem(nuion

. ey
Tuberculosis - Pulino- - °
et i A, ~—  DATY
Cause of. nleitl- - Casea- .. Lymph. - I

_l-'uln' Death Healed  ention  Fibrosis Spremd - tion Cavity:  Nodes Liver Spleen O

[} * Pneumonia . L o .+ e e F+ |

D Pneumonia .. . T . C+ 4+ L. s
K e . N et ++ F++4++ FH+++ P42 !

K - ... - + 4+ I o PR

D Tuberenlosis .. = ++ . 44+ FTXE Cyt S+

K S .. .. . o : FT

K -+ - - .. -+ : A

K N +4 N + ..

D T+ . .

D Paeumonio ++ - . N

D - i P + .

K = e .

D Pneumoania -+ = . .

D Pneumonia - — -+ ‘e .

K . + . .

K = . FN+

K = !

D .. e R !

K — . = .

R - +

tihrons  tibereulosis: FCT, Abrocuseous tube=:

=<, wivanced reaction.

vasention; F. hrosis:  FN, Ahrous nodules: ¥T.

calcined gypsum dust for O months, e el
and then Turther exposed o the gypsuns dusi
for an additional 18 momhs, only 9 of the 20
animals died. spontancousty. Of these deaths,
onjy six were ascribed ‘to pulmonary causes.
While signs of healing were in cvidence in

In the gumea pig with spread-

tuberculosis, active tuber-

Tasre H.—influcnce of Caleined Gypsum Dust on the Course of Experimental Tuberculosis
Guinea Pigs Were Exposed by Inhalation to Calcined Gypsum Dust for Twenty-Five Months,

Infected with R, Tubercle Bacilli, and Transierred to Normat Air

Disseminatioc - ‘
-~ ~— N
Survival Pulmouary ‘Tuberculosis Pulino-
Guinen  Alter In- . : nary
Pler, fection, Cause Healing  Culcift- Cosea- Lymph .
No. Days Fate’ of Death ‘Tubercles eation  Fibrosis  Spread tion Nodes Liver  Npleen
353-56 s Died. = _Pnoeumonia - . .- .. .- - ..
& 9 Died " Pneumonia 2 . . + R o .
9; 10 Killed .. . . LT .. . . .
4 27 Died Pne\lmomn . 3 + .- C+ - .-
85 61 Kille ..., 23 + C++ - C+ ©4
&7 122 Killed - ... 0 - ++ o '
88 18h Riltet ... m . + .- .. 1
£9 185 Killed 1 - + . .. F4-
a0 281 Killed 0 . .. - . ..
92 244 Killed [ .. + .. .. . . .
94 306 Rillea ..., 4 + e o . .
9% 368 Killed 1 . . ..
a8 368 Rilled 3 .. + . C e . .- .
9 41 Killed 15 - I .. 4 .. .
- 100 31 Killed ... 1 - ; F- F+
Symbol«: . cncention; F, fbrosis; PT. proliferative tuherele: —~. -ught renction: =+, modernte . reaetion: +-4,
advaoced reaction. ’
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Inm!ul ..nh R, Iu/'. r‘l i

" Pubmounry Tuhereulosis 75

D:uennm\(ed Tuherculosls .-

- . A - (onllm-m Pulmnnnn
3 . - : - Guinea Survival, . o R Arrested . Tuberen- - Lymph.
i - o . o . . Pig. .\'q. Days Fute ) . Cayse 9( Death, - Inben s ¢° m-uunn Ios_l.-' - ) \ml-
' T o7 T8 aa3ar 89 Dled- - Pulmotinry infuret 1 TR .
. oo o8- Died - PPacumonin 2 e
T 18 Died Acute cougesiiou - [ + .
1 174 - Died Pneumonia ’ EE e .
3 _ 20 e Killed T ) L Tl
: , 3 255 Killed - W S+ .
2 438,  Died : - . .
) 5 3 Killed - R .. )
' 9 83 Died ° P -
10 6ot - Killed . I
v A Killed *
-, 5 e Rilled -~ 24
. ————— Symbols: + ﬂhuhl renetion; ++4, modernte reaetion; —-~—. idvanemt reaction. -
most- instances, in' a. few cases with -asso- “tincet excess-over: that which ‘occurred in the

ciated calcification, “spreads occurred in. six

“instances; two cases developed -cavitary’

tuberculusis and one ‘died.from this disease. .
Fibrosis was a prominent feature in a major-
ity of instances, but caseation persiste:l in
cight cases. The tuberculous process had.
however, \pre'ul to the pulmonary lvmph
nodes, hiver, and spleen but in most instances
was partly healed. Caseation occurred hi iso-
lated instances, and fibrocaseous tuberculosis
m one case. There was a higher proportion o
nodulés in the animals surviving longer, and
in these there was also aasocmted hyaline
hbrosis.

The uvccurrence oi 34% spreads in the
g_vpsum—duste(l guinea pigs indicates a dis-

control “series (8.3%). However, it should

‘be recalled that the control group was rela-"."
tivelv small. Added to this tendency to spread,
there were in the dusted animals the signs . =
of caseation. cavitation and _ﬁb'rosis,_- and
metastatic dissemination to the hilar nn-asz
and abdominal organs. All these-change.
dicate some stimulatory etfect of the caic .- %17
gvpsum : dust on the tuberculous procesi. .
There was no indication, however, that the
tuberculosis promoted any pneunioconiotic

process,

\When the infection by means of the R,
tubercle bacilli was initiated at the end of a
23-month period of exposure to the calcined
gypsum dust (Table 14). the influence of

«

-

. TaBLe 16.—Infuence of Calcined Gyp.\um and Quartz Du.ﬂ on the Course of
b i . Experimental Tuberculosis
| : Guinea Pigs Were Exposed by Inhalation to Calcined Gypsum Dust for Three W eeks and
| i Thereafter Alternately to Quartz Dust and to Calcined Gypsum Dust for a \Week
) at a Time; After 171 Days Pigs Were Infected with R: Tubercle
| o _ - Bacilli; and Then Alternating Dust Exposure Cortinued

° Dissemination
Puimonary i
Surviveil Pulinonary Tuberculosis - Lymph Nodes N
_After In- , : - N ~
Guinea  fection, Cause - Tuberecuio- Caleifl- -Tuhercu- :
Pig, No. Days Fatwr of Death Spremd  Cavity  silicosis  eation fosis  Sillcosis Lh'_er Spleen
. 3334 io1 Died Tuberculosis e+ + ++ ++ TS+ S++
L 255 Killed + g + 4+ . + . .
1 308 Died Chroaie + + 4+ ++ T+ .
" poeumonia .
- 3 %8 Killed - S+t + +++  +++ T+
- 3 405 Killed + tt- =4+ A+ 4+ T .
Symbols: TS. tubereulosilicosis; T, tubereulosis; 9, silicosis: +, slight reaction; <+, moderate reaction: +-++.

ndvuanced reaction.
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CRIOLOGICAL EEFECT: OF CALCINEDY GYPSUM  DUST

- e dust- on the course oi the ntection wis

* éntirely henign, But 3 of the: 13 amimals died

ol puenwontt within the “first month aiter

“iniection and noune- thereaiter. Mild spreads
Tawere found in six of the animads killed: before
“the sixth-month and. non€ in the later stages.

Caseation was found twice only in the lungs

~and’ twice also i pulmonary lymph nodes.

" Pulmonary fhrosis was quite conmmon in-the

healing tubercles. No  puneumoconiosis- oc-

curred. . _
This study theretore indicates that the prior

~ two-year period of inhalation of calcined gyp-

autn dust modified the native susceptibility o
the guinea pigs to the Ry tubercle bacillus
“adversely; though not materially - s0." The

" localization of the lesions was atfected, and’

jor their normal tendency to heal by resotu-

tion there was substituted a process of healing

by fibrosis. with calcification in a few in-
stances. _ R Co
7. ALTERNATE WEEKLY ENPUSURES TO CAL
CINED GYDISUM DUST AND TO QUARTZ
DUST AND INFECTION WITH R
TUBERCLE BACILLL

In the first part of the third phase of the
wilfection experiment, five guinea pigs were
exposed alternately to guartz dust and to
caleined gypsum. dust for weekly sessions
wter a preliminary course of gypsum in-
“halation tor three weeks. At the end of ahout
2 months they were infected with R, tubercle
bacilli, and the alternating quartz-and-gyvp-
sum regimen was continued for an additional
perivd of 1314 months. The results of this
study are summarized in Table 16.

Spreading and cavitary tuberculosis was
rapidly induced in three specimens within
the first year after infection, while tuber-
culosilicosis within the- pulmonary tissues
dominated the scene, particularly in the later
phases of the stucdy. Foci of tuberculosis could
be discerned in the fiver, and silicotic nodules
occurred in the hilar lvimph nodes in all cases
and once in the spleen.

These results and their relativelv prompt
occurrence leave no doubt that alternating
gypsum and quartz exposures influence the
course of tuberculosis adversely. The resuit
is greatly modified. however, hy the degree
to which silicosis develops concurrently.

PLAINTIFF'S
EXHIBIT

- In the second. pirt of this experinent, 21, 7
guinea. pigs were infected with Ry tabercle.
hacilli after-3anonths of exposure to an aero-’

sol derived front a mixture of eqial parts of
caleined - gypsuntand quartz. the dusting pro-
cedure heing continued for- 27 months after . ‘
the infection was initiated. Half- of the.api- .-
wals died from pneumonia during this pro--
tracted perivd, the spontaneous deaths oc-

curring slightly more- frequently toward the

“end of the experiment « Table 17).

' Signs of pneumoconiosis wére slow to e-

- velop,-but from the 13th month aiter inféctios

({16 wonths irom the start ‘of the dusting)
marked-and ditfuse cellular infiltration super -
vened, with hvaline changes in i‘nnn_\-'. of thesc -
lungs. Pulmonary_tuberculosis of a confluent
type and of moderate extent made an earlv
appearance and persisted throughout the fonz
period of the study. Caseation. cavitation, or.
calcification, however, was limited to isolated
instances, especially in the latter months of-
the study. _ : o

The pulmonary lvinph™ nodes showed .: w»--
carty tendency toward fibrosis and tubercuto-
silicosis. Necrosis became a rather constan
finding at a later stage. Necrotic foci occurred
also in the liver, occasionally with tubercu-
losis. Rather more comuaaly, tuberculous
metastases were found in the spleen, and in
a nuwber of cases tuberculosilicosis likewise
occurred in that organ.

Ounce more, therefore, the concurrent ex-
posure to quartz dust and calcined gypsun
dust in equal propnrtions promtotes the de -
velopment of tuberculosis in the infected T
guinea pigs. However, the disease does not
reach a destructive and fatal stage hke that
seen when the dust éxposure‘is to quartz dust
alone (Table 4). It7will be observed from .
this record that exposure to quartz dust con-
verts the iufection with R, tubercle bacilli
into a spreading tuberculous process asso-
clated with tuberculosilicosis and a high and
carlv mortality rate. ; '

COMMENT
Since in prvious experiments the intraper-
itoneal inject:on of even an excessive quan-
titv of caleined aypsum particles did not pro-
: W -

!_
l

N A ﬂ



TABLE 11 —luﬁucnn of Caluned Gyp.mm Du.rt uud QuarI" Du.rl on llxc Cuur.u' n]
- : "Experimental” Tuberculosis’ . N

Gumea Plgs \Vere Expo:ed b} Inhalation for Three Months to an \cro~o| Denvcd fmm a -
" Mixture of Equal Volumes- of Calcined. Gypsum Dust’ and Quartz Dust- and" o

Wcrc Then Iniected with R, Tubercle Bacnlh ‘After lnfectmn thc "

Ammals \Vere Immediately Returned. 1o the :Dust Roony.* - %

“tere Their Dust Exposure Was Conunued ) L
Unul ‘Death- ' : e
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" . Dissemination. - .

Lo - : - . Pulmooary Tuberculosis - - :
Survival. - . . ST - ’ i —_
R After . . - Degeneration - 7 - Pulmo- BT
Guigea Infec- Cause - ~ - . —. Pneumoconiosis - nary
- Plg, tion, . - . of Cotl- Cusea- : A———A———, -Lymph : -
No. Days Fate .. Death . Nuence ° tiou  Hyaline Necrosis ~Focal Difluse ~Node --Liver: -Spleen  ~: °
Wes - 17 . K e S " R L e
L1 . 29 K' | e O + -+ T FE T TPRTTOPE L
1 27 D. Ppeumonia 4+ . .. + L B o S
18 ° 28T D . Pneumonin: H4 - CLd oo T o4 S Lol et N4 il
1 359 K- ... +- . B ++ D E R T .
2 359 K.~ R e + - e e LT L ST T
15 368 D - Poeumonia ++4++ CL+ = ... . o .. L STHH+ .. L 2
1B .39 K Ceeees 4+ . L. ++ 4 e e e
3 401. - K - PP + BE SR . 4+ N+ F+ F4
10 WM K .. 4 + +4 . 0+ e . C .. P+
"3 428 K- ... ++ .. +t- ++ D . N+ . T+
21 482 D Pneumonia ++ 4+ e N+ S L
18 482 D Pneurnonia ++ CL+ ++ : .. F++ . N+ = TP+
G 08 K ... ++4+ CL++4+ +4+—+ 4+ \+“- TN TF+ -
19 -510 D . Pneumonia +4 CA++ ++ s N++ T-- TF+
. CL++ . -
T 9 D Poeutnogin ++ SN +44 ++ . N+ T+ TP+
14 335 D Pneumonia e .. R +++ N+ .. e
12 570 E ... 4+ CA4+ P s N+ N+ T+
8 618 D Poeumonin G A 4+ . Ht N+ T+
1 63t K = ... +++ 4+ - + 4+++  F++ . T+
0 00 D Pueumonia +4++ CL+  +++ + © 4k N4+ T+

Symbols: <, slight reaction; +4--, moderate reaction; <+, advanced reaction: CA, cavitation; CL, calcification;
F, 8brosis; H. hyaline change: N, oecrosis; ST, sillecotuberculosis; T. tuberculosis: TF, tuberculous. ibrosis.

duce progressive fibrosis, it was antiéipate(l
that the inhalation of those particles would
have no serious effect upon the lungs. That
assumption has been verified by the studies
reported in this paper. It has been demon-
strated that the small increments of fine cal-
cined gypsum particles inhaled into the lungs
largely disappear, apparently as a result of
solution in the tissues. Very little anatomic
evidence of their preserice can be discovered.
Evidences of reaction in the fixed tissues of
the lung are minimal. even after exposures
to high concentrations for a period of two
vears.

In the hilar lymph nodes, which must have
received the greater part of the gvpsum that
was spirited away from the lung parenchyina
in this series of guinea pigs, there is an almost
specitic pattern of reaction comprising medul-
larv hyperplasia in the nedes and their fol-
licles which is unaccompanied by any increase

338

in the lymphoid tissue. Fibrosis was, however
conspicuous by its absence. : '

It is to be hoped that this mterestmg find-
ing may mean that it would be inconceivable
that the inhalation of calcined gypsum dust
will produce significant reactions in otherwise
healthy lungs of industrial personnel, perhaps

~even regardisss of atmospheric concentra-
tions. This circumstance would therefore con-
clusively eliminate calcined gypsum per se
as the cause of the pulmonary lesions which
have already heen reported in respect of
deceased gypsum-industry employes.*

It is difficult to evaluate the high- pneu-
monia rate in these guinea pigs. By compari-
son with other studies conducted in The
Saranac Laboratory. it is excessive (Table
18). However, these latter investigations
have iicen conducted in more recent years
when it has been possible to control epizootics
more effectively hy ultraviolet-light radiation
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’HI(}L()(‘ICH LIFl'CI OF CALCINED GYPSUM DUST.

. . _['.ABLE 18.—'C0mpari.wu of .Vm'nb.cr"of Sﬁonldnebu:-

‘Deaths of Guinca Pigs in. {shalation- -
Experiinents with arious Dusts

Animaals .
Exposed Auimuls  Mortality
o to Dust, Found Rate,
Kiad of bust- No. ° Denrd. No. Per Cent
QUArtZ .....ieiiiieaiaale. B34- .19 ]
© Sllica fume ............... 268" . 8 - - 32
Amorphous Siliea A....... 305 .48 16
Amorphous Sillca B....... 192 64 -3
Amorphous Sfllca C..... 209 - 14 21
‘Amorpbous Sillea D....... 2% 64 -
7

Volcapic glass ............ 91 6

and antibiotics. Perhaps no further attention

-need be given to the matter.. However, the
_-high pneumonia rates and the emphasis of
this phenomenon on certain phases of the

_study suggest that the matter is at least w orth
.. further investigation. _

The experiments demonstrated that guinea
pigs are protected against ordinarily danger-
ous concentrations of quartz dust by the con-

current presence of calcined gypsum dust in .

the same atmosphere. Under the conditions
of the experiments, in which the ratio of
quartz to gypsum_was relatively high. the
protection was not absolute or uniform for
all the exposed animals. The protective action
of the calcined gypsum.completely prevented

__the development of fibrosis in the majority of

cases and retarded or modified the character
of the dust reaction in the.remainder. The
degree of protection was not defined wholly
by the length of exposure but was affected to
some extent by other factors not clearly
understood. Sporadic cases of nodular fibrosis
developed: in some animals exposed for
shorter periods than in other animals which
failed to manifest this type of reaction. Pos-
sibly host factors involving individual <uscep-
tibilitv were involved.

The protection was most ev ldent in respect
to the degree to which the prevalence or
severity of bronchiolitis was reduced in the
animals exposed to both gypsum and quartz:
to the retardation of the pulmonary cellular
reaction and the diminution of its extent: tc

_the limited amount of fibrosts, hyalinization.

or necrosis which ensued, and to the inhihi-
tion of dissemination of the dust to abdominal
organs and even to the regional lvmph node:..

EXHIBIT
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Several possible explanations:for this con-

PENGAD-Bayonne, N. ).

- dition should be entertained. The first con-’

cerns the possibility ‘of chemical or physical -
interaction' between -the gypsum and the
quartz, either in-the hopper mixture or even
~after deposition in the guinea pig tissues.

_Next should. be considered the-factor of bio-

logical -antagonism to quartz which may- be
induced by the gypsum. To.these observa-
tions should be added. the fact that the dose

_ of quartz was actually decreased-through dilu--

tion with the gypsum and that the quartz was
administered: to older guinea pigs and to the."

‘hardiest - survivors of earlier phases of the

experiment. It is even possible, though un-
likely, that the quartz dust itself inay have-
“aged” ‘with the passage of time, thus not
being quite as potent as at earlier phases of
the experiment. : '
The latter question cannot receive an
answer until we have more information con-
cerning the influence of aging of powdered
quartz on its biological properties. The prob-
lem whether quartz has a greater or a s
propensity for damaging the tissues of ¢i
laboratory animals compared with its efieues
on the younger specimens usually selected for

34

-study has never been properly examined.
-Linked with this question is the possibility

that mere survival against all the forces which
naturally or artificially may tend to decimate
the ranks of laboratory animals may signifv
a hardy stock perhaps also more resistant to
quartz dust. There is no answer to this, but~
it should he entertained as one of the possible
mechanisms which influenced the results in
this investigation.

The fact that the quartz dose was actua]l\
decreased throug:: dilution may have rele-
vance. Over the~years. experiments with
quartz dust have bLeen carried out in The
Saranac Laboratory in a great diversity oi
dosage levels. Except in extreme ranges of
particle concentration, the tissue reaction to
quartz coes not vary too obviouslv. To be
precise. however, no systematic body of
knowledge exists to enable nne to make com-
;'mrisons with complete assurance. The great
differencey observed in the present series of
experiments suggeest decidedly that the ex-
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TasLE .19-—/"[7151‘ bf' l'dr\'iuq the' »{momll of
(Fypsunt on the Solul)xlzl\ of Particulate Omm- )
Su.r['uuhd in a Buffer Solution

. Quartz. Purticle Size! Iz to Ju
~Butfer Solution: H:BOs-NaOH pH 696
" Incubation: 37 C.for Twenty H(_)urs

Gypsum- -

- Suspension, Soluhle §iQa,
Mg, Mg/100 Ce.
o - 0D .
20 0.50
50 - 0.76
100 ’ ng -
300 - - 1.25
60 L LS
1,000 138
2,000 - 136 ..
3,00 : 130 .
5000 1.98
Control: No quartz .
5,000 ST oz ’ T

planation does not rest merely with the ques-.

tion of dilution. In The Saranac Laboratory.

" experience has also ‘been gained with dilution
as a factor in relation to “inert” substances.’

such as iron oxide, and the results of these
studies serve as further confirmation that the
mhibition achieved by the calcined gypsum
dust 15 real and not merely a function of

quartz dosage. That the quartz dust actually

did enter into the lung tissues in a dosage

. ratio bearing some relation to that according

to which it was administered was adequately
shown by the chemical analyses of guinea pig
lungs recorded in Table 12,

That the .influence of the gvpsum on the
quartz may have been due to some form of
physicochemical interaction is suggested by
Tables 19 and 20 and the known fact that
yypsum particles have a positive electrical
charge while the charge of-quartz particles is
negative. In Table 19 it is shown that the
presence of gypsum in a huffered solution

increases the solubility of suspended quartz

particles considerably without substantially
changing the pH. Table 20 confirms the latter
observation  and shows that the presence of
gypsum raises the pH of the solution mark-
edly when 1% gypsum and 1% quartz are
incubated together in a buffered solution at
37 C for 24 hours. If the theory of Holt?®
that silica exerts its necrotizing and fbro-
genic action by virtue of silicic acid polvmers,

340

receivés further confirmation’ trom the ohser.
_-vation that: \\hcn quartz and- g\psum avere
" administered in nlternannq \\eel\h ‘loses the

PLAINTIFF'S
EXHIBIT

2040
(23

:
|
g
i

)CIII l’l.l()

\\lmh c.m form: onl\ in.an acxd pH TANYE,

““he acceptable, the rcductlon in_ the mﬂuenu-
-uf'the quartz in"the presence of gypsiun may”

fied an e\phmuon Such .a chemical theory

resultant. pneumocomos:: was’ lTlllCh wor»e

thau when an ‘equivalent amount of calcined

. wypsum dust was introduced into the guinea
jp_lg lungs simultancously with ‘the  quartz
dust.-Owing to the apparently rapid elimina-
“tion - of .the gypsum and the tardiness avith "
“which koniophores imake an appearance -in : .

response to its introduction, this \\'nul(l:mcii‘n-

perhaps: that in the alternating exposure ex-
periment the gy

that. the quartz had an .unimpeded oppor-’
tunity to act on the tissues in focal and later
diffuse regions where a low.pH prevailed.
The elimination experiment in which t! - wai-
mals were left in fresh air after a pro. .ged.

period of exposure to quartz dust and caisioed -

gvpsum dust also indicates the same chen:ical
explanation. By the progressive loss of gvp-
stm from the hings. the local tissue pH could -
have been progressively reduced, thus liber-
ating the full action of the accumulated
quartz. The answer to these enigmata can
come only through further research.

That the total result may. have been simply
one of biologically antagonistic etfects of

“gypsum and quartz and even perhaps merely

TasLe 20.—Effect of Varying pH Falucs on the

Solubility of Particulate Quarts [Vhen Sus-
pended with Calcined Gypsum v a -
Buier Solution
Quartz Particle Size: lu to 3u
Buffer Soiution: H,BO:-NaOH
Incubation: 37 C for Twenty-Four Hours

Suspension Suspension
1% Quartz + 1% Quartz +
U Gypsun 1% Gypsum
Buffer — e - - A \
Yolu- Soluble . Soluble .
tlon, Si0s. pH Alter Si01, pH After
pH Mg/100 Ce. 24 Hr.  Mg/100 Ce. 24 Hr.
.- 61 1.18 L2 cesa
7.1 0.28 8.85 1.50 8.55
T4 Y 8.94 1.7 8.60
8.0 ~0.68 T.42 © 251 746
9.0 1.62 .50 2.10 8.32

to.2 245 all 1Ll4 9.50

gypsum had practicaily heen -
climinated at the end of each week end. so -
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. matter of tissue or L(‘”lll.lr COlll])L‘!l[l()ll can-
- not be dismissed as a l)()S:I')I]I[\ without due
The paucity of - konmphoru m”

consideration.
the fr)psum -drenched lung may mean nm

: _'unl\ that” calcined gypsum does not exert a
_dlcmotroplsm for .these cells, such G5 quartz
_. exerts markedly,'® but even that the :resence
“of gypsum repels these cells. Silicosis does

not ensue until quartz particles have been
phagocyvtosed by the alveolar macrophages

" and transported to sites where their cumula-

tive action can provoke local lesions. I gyp-

sunr hlocks- the approach of. these cells: the .

ijuartz particles will simply not he picked up.

[t is possible too that the absence of alveo-
lar macrophages in the early phase of the
exposure to calcined gvpsum dust may sig-
nify merely that they do not need to enter

the alveoli to ingest the gypsum. The latter.

being somewhat soluble, could be picked up
after penetration of the alveolar walls. \s'the
gypsum is not likely to prove immediatelv
toxic to the macrophages, there would be no
barrier to their transportation to distant parts
and disappearance from the lungs. In xuch
circumstances they would not be available to
pick up the quartz particles.

The influence of flocculation on the accessi-
“.idity of the quartz should.also be examined
“t was shown by Gardner * that when calcined
avpsum dust and quartz dust are suspendled
in the dust room simultaneously there is a
marked tendency to flocculation. Gardner
suspected that this might prevent the actual
inhalation of many of the suspended-particles.
However, his tabulation shows that maore
than 32% of the clumps measured less than
31 in diameter. These would be respirable.
What was not settled was whether these
clumps of particles remained as aggregates
even within the cells of the lung or lvmph
nodes.

Biological antagonism naturaily goes fur-
ther than these simple mechanistic specula-
tions. Until we know more about all these
issues. we must keep an open mind about the
possible antagonistic influences and even, par-
haps. specific synergisms between calcined
gypsum and quartz in terms of tissue and
cellular enzyme and energy transier systems.

'G YESU M

PENGAD-Beyonne, W. J.
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A\ timal point of direct practical application:

might be stressed here, namely, that where

- series of pulmonary: reactions do result wheu

caleined gypsum-and quartz are adniinisterert
cither together (successively, simultaneouslv.
nr alternatingly) or in conjunction- withi i
tubérculous infection, the ' final _histopaths,-
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logical result achieved is not a mere guanti- "’

tative expression of the relative component
action of each of thesc three etinlogical agent-

a forin_of hoelistic synthesis. This is the prob-
lem of the mixed pneumoconioses which are

> hut actually, in a sense.’is a new type of lesion .-

heing encountered in increasing numbers’ i -

industry today. Their-precise nature cannot
be sunply predicted by reference to the know::

substances. More research i1s needed abou:
all thcse matters.

SUMDMARY

In a series of long-term inhalation experi-
ments. guinea pigs were exposed to calciner
gypsum dast alone and to mixtures of quar
dust and calcined gypsum dust;
the influence of the gypsum and of the gyp-
sum niixed with quartz on the course of ex
nerimental tuberculosis was studied.

The effect of calcined gypsum dust on the
lungs of guinea pigs exposed to the dust 1or
TWO vears was too insignihcant to he d'lsqn( i
4% a pneumoconiosis.

The presence of calcined gypsum dust in
atmospheric suspensions with” quartz dust
offered to exposed guinea pigs a substantiai
degree of protection against the usual har-
ful etfects of the quartz dust. The protection.
however, was lost when the exposures ceased.

in additio:,.

© properties of-the separate component miner::

enabling the gypsum to be removed from the -

lung tissue and liberating the full effect of the
accumulated quartz.

The inhalation of calcined gypsum dust
alone influenced the course of experimentai
tuberculous infection in guinea pigs to « mod-
erately disadvantageous degree only, mani-
fested chiefly by interference with the process
of healing after initial spread of the infection.

The course of a tuberculous process in
guinea pigs intected with Ry tubercle bacilli
was adverseiv affected to a slighter degre

4
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. h\ (\po:,urc 0 a Tmixture ol quartz dust. and”_
“calcined gypsum -dust’ than by e\posure to -

quartz <dust alone, . .
- Chemical analysis of lung tissues of gumea

"".pxgs that had been-exposed. to 'a mixture of

quartz dust and calcined gypsum.dust shows

_that:the quartz is actually retained in the lung -
tissue but i in less than half the concentration. .
which ‘inay. be achieved hen the- exposure N

h'xs been to-quartz dust only.

- The. most likely “explanation for - the in-
hibitory- effect: of calcined gypsum on.quartz -~

appears.to be in- the realm of"’p_hys_icnl chem-

istry. though biochemical factors” and- bio--

logical antagonism have not bééhexc_lq’déd."_

- Acknowledgement is made ‘to Stanislaw- P.

' Kuzer M.E., E.E.. Biostatistician, for tabulating .
and analyzing. the data from which Tablc 18 was |

xonclructed

REFERENCES -

1. Annual Report of The Saranac Laboratory—
1933, 1934, 1935, 1936, 1939. .

2. Third Symposium on Silicosis: Transcript
of the Third Silicosis Symposium held at The

- Saranac Laboratory June 21 to 25, 1937.

EXHIBIT
/ 704/ O
(25

S 3 Fuurth b}mpusxum on Slhcom Transcnpt

of the . Fourth- Silicosis™ 'Symposium hcld :at. Thc :
: _"Saranac Laboratory -June: 19-to 23,71939..:

* 4. Silicosis" -and - Asbestosns ed:led by A ]

Lanza, New York: and London O‘(ford Umversxty :
. Press, "1938. - o ." B
"5, Gardner L U Hlstory oi thc R. Stram of=,-
Tubercle ‘Bacillus,- Am Rev. Tubere. 25: 577, 1932, ;
" 6.-Dowd, G. R.: Cultural Chnraczerxsucs of the"."-_

_ Strain’ of Tubercle Bacillus with Partu:ula.r:

: Re:erencc to Dlssocmnon '\m RC\ Tubcrc 3" 30'-
1935 L0 S
7. Gardner. L. U '.md Cummmgs D' E_: -
Studies on E\cpenmental Pneumonokomosxs v,
. Inhalanon of Asbes(os Dust > Its 'Effect upon Pri- -
‘mary Tuberculous lmccuon ] Indust Hyg 138 65 o

) 193]
8. Schepcrs G V. H and Durkan T. M.:

" Pathological  Study of the Effects of Inhaled”

Gypsum ‘Dust on" Human Lungs. A M. A.  Arch.

" Indust. Health 12:209,.1955. R
9. Holt, P. F., .and Yates, D ‘M. Slndics on .
"the Nature of -Silicosis: The Polymerization of
. Silicic Acid Sols in Vivo, Brit. J. Exper Path.

35:52, 1954,

10. Schepers, G. W. H.: Cytobloloqvcal Mam-' .

festations of the Surface Propertiez :{ Quartz,
A. M. AL Arch. Indust. Health 12:263- 375, 1955,

%
¥
H
2
H
-
H
I
<
B
¢
¥
3



