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THE. PHYSIOLOGICAL RESPONSE" OF THE ' PERITONEAL 
^ .TISSUE TO DUSTS INTRODUCED AS FOREIGN BODIESL. -
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' '^T3i» physiological responseof thebody tissues to dusts of various 
• ‘ kinds has beena subject of much, interest im the past few years,and 
'^",-the opinion that the injury due to dust is chemical rutherthan ghysiy 
'T--callin action has recently-gained greater ground.. Mayrogoiriator 

Gardner, . Gye, and others have conducted experiments on the action
- of inhaled dusts., - Kettle , (1, i)*-hasr'studied the. response to dusts 

infected into the subcutaneous tissues and intratracheally, andPoli— 
eard.(£,.l) has used the cornea and conjunctiva in his recent studies. 
In. 1924, experiments were begun.at the Pittsburgh station of the

- United, States Bureau of Mines to determine the action and fate of 
. various dusts when injected into the peritoneal cavity of guinea

pigs (5). The conclusions reached at that time were that live animal 
.tissue in all parts of the body tends to react in essentially the same 
maimer to foreign bodies and that fibrous tissue is formed in the peri* 
toneal cavity by quartz and is not formed by limestone and coaL 
This paper reports * continuation and. elaboration of these earlier 

.‘-studiee. . . .. :r ■■■ :
•. Owing to the length of time required to obtain a reaction by inha*

. Iation methods and the desirability of determining the harmfulness 
of a dust in a relatively short time, other-methods of introducing the 
dusts , to be studied were considered. Injection into the peritoneal 

- cavity seemed to give the most promise, because of the relatively cir-
- cumscribed area of the cavity, the ease in controlling the amount of 

the dose, and the preservation of the sterility of the material intro­
duced—a factor to be considered in inhalation and intratracheal

- methods. Mortality following intraperitoneal injection ’from peri­
tonitis or peritoneal damage was found to be negligible. Identical 
reactions were found in each animal injected .with the same dust 
under the same conditions and examined at the same time interval 
after injection. (Animals in groups of from 5 to 20 were used’ for 
eech.aet of teat conditions.)- Therefore the fact that the reaction to- 
the dust involves both epithelial and connective tissue is of ho 
disadvantage. ...^

• The- reaction is essentially the same microscopically as that pro­
duced in the lungs, and the gross appearance of the dust nodules is 
sufficiently differentiated to afford a means of classifying the physio­
logical response to the dusts. In the series^ studied here, there were 

. three types of reaction; namely, an absorption or dissolution of the
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dust,, aproliferativereactioii,; - and-an inert reaction. ' In 'the inert - 
reaction the-dnst neither caused an increase-in the size of the-nodules 
nor disappeared.from, the tissues; instead there was more or leas a 
change in its/distribution.in the peritoneum.- These reactions will „

/’It was.deairabl&lfor the particle’size of each dust in the series.to 
- conform as closely as possible to that of the other dusts used, and also 
to be as small as possibla’without a change in the physical or *hAmifnl 
composition.".' Particles passed. through 100-, .200*,' and .325-mesh 
standard sieves; were used, in one series of tests with several dusts.

The 325^-mesh size was found to be the most suitable, because of 
the greater facility with which a reaction is produced. The particles 
obtained by passing’ a dust through a 325-mesh sieve were less than 
43- microns in size. ‘

In a later series, a Poller type air separator (6) was used. This 
method of eiutriation did not separate all the dusts in the- series into 
fractions of the same size; yet it did produce, with ode exception, 
samples less than 5 ’microns in maximum measurement. The excep­
tion, soapstone, measured 8 microns as a maximum particle size. The 
median size of the dusts used in this series varied from 0.75 to 1.7 
microns, with Soapstone at 3.5 microns. Such small variations in 
particle size appeared to be of no importance in comparing the 
physiological'responses produced by the dusts. It can be readily 
seen that the air-separated particles more closely approximate those 
inhaled under industrial' conditions (7). While the smaller partides 
wen -preferable, because of their greater assimilation by the cells, 
the particles that had been passed through a 325-mesh sieve gave the 
same gross reactions and, in- the case of all dusts mentioned in this 
study, .can be- used in place of the more difficultly obtained smaller 
particles. Water'aeparation was not attempted, because of the 
possibility of removing soluble portions of the dusts and. thus pro­
ducing a change‘m. their chemical composition.
-** .. .-i . . .AT.

;f# * ; TSGHHXQTTS OF IWTHXPISITONlUX INJZCTlOIfS

A. weighed portion of the dust and a few glass beads to facilitate 
suspension were placed in a small wide mouthed flask and sterilized 
in a hot-air oven for 1 hour at 150° C. After cooling, sufficient sterile 
physiological saline- solution to make a 10 percent suspension was 
added, the bottle was closed with a sterile rubber stopper, and the 
whole was thoroughly shaken'. Owing to the fact that a suspension 
of fine dust causes a locking of the plunger of a hypodermic syringe, 
air-bulb syringes of 3-cc capacity were used.. Any small hypodermic

JS&SSSSSSSt*OF - 0!0 bb

BY Pf^,INDUSTRIES, 1N^ THENTICATED > , i_u^5

- . X

9 "^ i

rjFSfi&r.

aMfegBS



jyy.

* ■-i

-'r* t

/-•StTij ■ x
: -r-J'

. *■ i—

82.

'i^W:

1 =^k'

: syringe,.fitted with. & rubber bulb in place of the plunger,., will serve the
purpose^. ^Needles of. 21r-ar-24-gage werefound most suitable.for the 

- injections ~ The needles .and .syringes were sterilized in boiling water 
ibefore use...-'-' ^ i- •: ■
if ^3".^*';’'''■ -The-hair on the.rigbt’side of the’ animal’a abdominal wall was 
| *Ki£z£'-~: ^ dipped, and. tincture-of iodine was applied.. Por injection, 2 cc of the 

- 10-percent suspension, equivalent to-OJl g of dust, was introduced,
;.t-intraperitoheally, into each pig. ah the iodine-painted site. As the- 

* S needle-was- withdrawn, 'a very small quantity,, about 2 drops, was
’* ^ injected into the subcutaneous tissue, to serve as a marker of the
I ■?“ site- dlmjection- This marker made it- possible to observe whether-

any trauma was produced by the introduction of the needle into the 
peritoneal' cavity and ita effect on the reaction instituted by the dust.

Certain groups of animala were injected "with air-separated mate­
rial and other groups with 325-mesh material.. . The former were 
killed and examined 7, 14, 30, 56, and 60 days after injection; the 
latter at the same intervals and also at 112 days.

^; msmntunON or thz dust in tbs PzarroirtAi. cavitt

With the exception of bituminous coal, the greater part of each of 
the dusts- in this series was-found in the peritoneum of the anterior 
abdominal wall; the most dependent portion of the peritoneal cavity. 
The site of the nest largest collection was the omentum. Small nod­
ules and dispersed collections of particles were also found in the ingui­
nal canals, on the mesentery, liver, intestines, testes or uterus, and 
diaphragm. - A very little was occasionally'found on the posterior 
abdominal walL In the case of bituminous coal, the greater portion 
was found in the omentum and mesentery, while a relatively small 
pert was present on the anterior abdominal walL As a basis of com­
parison (in describing the reactions caused by the dusts), the nodules 
formed on. the anterior abdominal wall were used, since they were 
more accessible and were more constant and uniform in appearance. 
The response in the omentum or at any other point in the peritoneal 
cavity was, however, the same as that found on the anterior abdominal 
walL . Nodules were only infrequently found in the peritoneum at the 
site of the entrance of the needle—so rarely, in fact, that it was safe 
to assume that the trauma produced by the introduction of the needle 
was negligible. i ; ■* " - ' *v" ' - -

t&a.

▲dhzsioxs nr FZBtTONXAL CAVTCT _

Adhesions between the various abdominal viscera and the anterior 
abdominal wall or omentum were- at first thought to be of some sig­
nificance. . However, it was noted that while the presence of adhe­
sions was more frequent when dusts of a high silica content were used
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and correspondingly less frequent with, such duets-u calcite and lime­
stone, they were not of sufficient constancy to be used to drew any 
definite conclusions as- to the activity of the dust..* Adhesions were 
formed occasionally by calcite and by limestones of a very low silica 
content They were-likewise present to a- marked 'degree- in the ani> 
mala injected with cement; yet subsequent observations showed that 
these-dusts decreased-appreciably in amount in the-tissues as the 
tests progressed! It was concluded that the formation of adhesions 
was- a result of the initial foreign body injury caused by the dust in 
the peritoneal cavity:Various attempts to alleviate this initial stage 
of'irritation were tried without success.. It can be readily seen that, 
while such a simple response as the formation of peritoneal, adhesions 
would be of value in interpreting the activity of the dusts, the occur­
rence is of such irregularity and the factors involved in their forma­
tion depend so much on chance that their presence is of no particular 
importance. . -

THX FZBITOKXaL BS3FONSK TO THE1 VARIOUS DUSTS

Calcite}—Calcite, after, being injected into the peritoneal cavity, 
formed nodules which were irregular, more or less discrete, but often 
clumped. A small amount of congestion and oedema was noted 
about the edges of the nodules in the early stages, but this had sub­
sided before the end of 30 days after injection. This congestion and 
oedema were evidently due to the initial foreign body injury insti­
tuted by the dusts. The- nodules became progressively smaller in 

.size as the interval between injection and examination increased, and 
this decrease in size was accompanied by the production of brown 
pigment particles, which were first noted at the edges of the nodules, 
and later covered their entire surfaces and diffused into the adjacent 
peritoneum. The original dust eventually disappeared, leaving a 

area of fine, brown pigment particles at the site of the nodule.*; 
These, in turn, soon disappeared without the formation of scar tissue. ‘ 
This type of reaction, namely the disappearance of the dust from the 
peritoneal cavity, has been designated, for the sake of description, cs 
one of absorption. .: •
. - itfTuatona.S—Limestone caused a reaction' similar to that of calcite, - 
one of absorption.^ .The rate in which the dust disappeared from the 
tissues was much-slower than in the case of the purer Iceland spar; 
yet-there was such a marked decrease in the amount of dust found 
in 90 and 112 days after injection that it can be safely assumed that 
all of the dust will eventually disappear. The initial foreign body
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i;; ‘i irritation 'and the production of the brown pigment and its* disap*
Kr-'‘* vpearance from the peritoneum-without-the formation of scar tissue 

was identical with the process produced bycalcite. *
' - Pneipitated calcium carioruite/—Precipitated caliMnm carbonate 

. i produced a^ tissue response very- much like-that of calcite and lime*
stone.‘ The formation of the nodules was identical in character, and 

i-5 :-s^Vr the origmal'dust disappeared in about: the same length, of time as in 
: l the-case of .-calcite; yet more brown pigmentation was produced, which

: Iingered.in the tissues for a-longer time than did that formed by the 
' calcite. '-This increased production of pigment, might be attributed 
to.the fact that the dust was in.a state-more easily assimilated by 

g8;.~ % 'r?y the cells. 5 The pigment particles were much smaller in size and much 
y greater, in number than those produced by either calcite or limestone. .

• No evidence of scar tissue formation was noted in any of the animals 
5 examined. The-reaction was dearly* one of absorption.. ' •

. . GypsvmS—Gypsum eventually produced a response similar to that
-r ; of calcite. In the early stages the dust appeared to lie inertly in the 

peritoneum without any appreciable change. By the end of 30 days 
a slight decrease in the amount of dust was noted, and by 90 days 

. this decrease was marked. The color of the nodules became pro­
gressively darker as the interval between injection and examination 
increased? but the production of brown pigment, noted in the other 
three dusts, was absent. Fine, dispersed dust particles, more or less 
isolated, were noted in the peritoneum. These may have been the 

. remains of nodules or else particles disseminated by phagocytes.
The diminution in the size of the nodules and the disappearance of 

5. the dust from the tissues ware not sa rapid as in the case of calcite, 
limestone, and precipitated calcium carbonate; yet this response was 

. sufficiently marked to designate the reaction as one of absorption.
. . - Portland cem*n*.T—Portland cement produced a reaction slightly
- different from that caused by calcite, limestone, precipitated calcium 

carbonate, and gypsum; yet the ultimate outcome appeared to be one
'.. of absorption. The initial.fareign-body irritation was quite severe—
■" so marked, in fact, that 1ft of 36 guinea pigs injected with this dust 

died during the testa. This was probably due to the chemical prop- 
: erties of the cement. The animais that survived showed extensive 

: peritoneal congestion and oedema in the early stages. After this.
- reaction had subsided, the dust decreased in quantity, with the for- 

■’. motion of a light brown pigment, similar to that produced by calcite,
ia.0:-
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Iimmtone^ and preapitatecT calcium carbonata. At .th® end of 90 
daysafterinjectdon a. large amount of this pigment was still present 
m the peritoneum. Experiments to-determine whether this pigment 
will eventually disappear are now in. progress. ‘
.;<hcarfx£—Quartz,' after-am initial stage- of foreign-body irritation,- t 

'-manifested- by oedema- andfcongestion. about the collections of the ■ 
dust in the peritoneum, produced nodules which progressively- in­
creased in. size. These nodules, - when occurring in clumps,. fused 

. together, forming, a" single large- mass. -' Numerous capillaries were 
present on the-surfaces and throughout the nodules. The appearance 
was that of cellularprolif eration and was apparently due to the cheim- - 
cal irritation supplied by the. solution, of the silica in the tissue and ^ ,
presumably will continue as long as any silica remains. Whether — 
these nodules disappear with or without the formation of scar-tissue - 
is now being determined; but, inasmuch as the majority of cells found™, CD 
in the tumor masses were macrophages, fibroblasts, and fibrous tissue- - 
cells, it seems likely that scar tissue- will be the logical result. This 
type of reaction, for convenience of description, will be referred to ~
one of proliferation. . . f; }

Chat.*—Chat caused a reaction similar to that of quartz though the ' ' 
nodules produced by the action of the dust were much larger in size - 
than those formed by the more pure rock crystal; The nodules J 
found 90 and 112 days after injection were markedly larger in size . I 
than those noted in 7 days. The color of the nodules, which was the j) 
same as that of the dust introduced, remained constant throughout i 
the duration of the tests. The reaction produced by chat was 
cidedly one of tissue proliferation. - <"D O
- FiintJ*—Flint caused the- formation of nodules identical m ap- 
pearance to those produced by quartz. They were, however, some­
what smallerin size than those produced by chat in the same intervals 
of time. The response to this dust was clearly one of proliferation. -
- Soapaton4.n—Soapstone produced the same type of reaction in the • 
first 2 weeks after injection that was noted-in all of the other dusts; 
namely, an initial foreign body irritation. This early fixation reac- . 
tion was not severe and subsided quite rapidly. As the time between

- injection and' autopsy increased, the nodules, at first raised and 
rounded; became flattened and spreading. ^ The edges became irreg­
ular, and numerous 'fine dust particles were noted in the peritoneum
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. adjacent to the edge* of the nodules.’' Collection* - of these pax tides’ 
were-.found at various' other points in the peritoneum. The amount .

■' f.dust mths peritoneal cavity found 90 and 112 days after injection 
.was approximately the-' same as- that noted', in T days. The injected 

- dust was-neither absorbed nor did it institute a cellular proliferation. ;.
- The only change noted was that of the distribution of the dust in the * ‘ 

peritoneum. The-particles became more wide-spread in.their dis- -
• peision as the interval between injection and, examination increased,. ^ 

and'thia- dissemination, was shown microscopically' to have, been „
- effected by macrophages. ' No appreciable change in the quantity of . 
dustwas noted in-112.days after injection; and, inasmuch- as no dia-

- solution of the dust or ceflular proliferation occurred, this type of
reaction^ for the sake of description, will be- referred to as one of 
inertness. /. v ’ ■ ■ 1 /" ' -

CarbfrrundumJ*-—Carborundum, or silicon carbide, produced essen­
tially the same type of reaction as soapstone.. The initial stage of 
foreign-body irritation was not as severe, and the distribution of the 
fine-dust particles in the later stages of the tests was more extensive. 

-Though the nodules became more flattened and spreading, the 
amount of dust found in the peritoneal cavity 90 days after injection 
was approximately the same as was noted in 7 days. The material 
is apparently a- noninitafcing, insoluble, foreign body and is readily 
transported throughout the peritoneum by phagocytes. As no ab­
sorption or cellular proliferation was noted, the reaction can be called 
one of inertness.-7 •*". - • - i ...

■ -. J**xler*‘ nmjs.151—Jewelers’ rouge, or ferric oxide, behaved in the
■ peritoneum in a manner similar to that of soapstone and silicon car* 

bide.- The nodules became flattened, and many dust particles were
. extensively disseminated throughout the peritoneum as the time 

interval between injection and examination lengthened. .The amount . 
of dust observed 90 days after injection was approximately the same

- as that found in 7 days.. The response of the peritoneal tissue to this
dust is therefore one of inertness.' - / “■ ' >•. -.*

- Anthracite coaLM ^—Anthracite coal produced a more rapid response '' 
following- injection than did soapstone, carixjnmdum, or jewelers? 
rouge." Minute dust particles were noted in. the peritoneum adjacent 
to the nodules as eariy as 7 days after injection.. By 90 days this ; 
distribution was quite extensive.. The amount of dust present in the .
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peritoneal cavity 90 days after injection was approximately the.same 
as that found in. 7' days,.therefore it was concluded, that anthracite 
coal dust was-inert in reaction. - • , -

Bituminous coal*^-Bituminous coal, like soapstone, carborun­
dum, jewelers’rouge, and anthracite' coal, appeared to be inert and 
insoluble. in. the peritoneum. .The nodules behaved in a manner 
witeilur to those of the above-named dusts, and the- dispersion of the 
dust particles throughout the peritoneum was particularly widespread. 
With this dust very few nodules, were formed on the anterior abdom­
inal wall, the most dependent portion of the animals’ peritoneal 
cavity to which injected material would naturally gravitate;, but the 
majority of the nodules were consistently found, in the omentum. 
Many small nodules and diffuse areas of dust particles were also 
found in every portion of the peritoneal cavity. The amount of 
dust present 90 days after injection waa approximately the same ea 
that found in 7 days; therefore the reaction waa one of inertness.

Precipitator osA.1*—-Precipitator ash, or "fly ash”, produced a reac­
tion similar to that of the other inert dusts mentioned in this series. 
The nodules behaved similarly in their progress to those formed by 
soapstone. Relatively coarse, black particles were noted on the^ 
surfaces of the dark gray nodules. These were evidently carbotrj 
particles, as the dust was of mixed composition. The disseminstigfc. 
of the original gray dust composing the bulk of the sample, white- 
not as extensive as that of the coals, was well marked and apparentiy^ 
the same as was found with soapstone end silicon carbide. . Aa the] 
appeared, to be no disappearance of this dust from the peri tom 
cavity or cellular proliferation, it seems safe to class this dust as inei 
in type. - C
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I. A14 definite quantity (0.2 g) of dust in suspension was injected . 
mtrmperitonealiy .into guinea pigs. r . • U-i
‘ 2. Dusts of two' particle-eize groups ware used—one of screened^ 

material with particles less than 43 microns (325 mesh), and the othefc^ 
of sir-separated material with particles varying from less than 2 to ” 
8 microns in siie.1; . •

3. The animals injected with the coarser material were examined 7, 
14, 30, 36, and todays after injection, and those treated with the 
air>eeparated material were examined after 7,14,30, 56, and 90 days.

4. The response caused by the dust in the peritoneal cavity waa
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.constant ni all of’the injected with. an. individual dust and'
could be classified.as aaabsorptioa, proliferative, or inert reaction. :-‘!- 
,.*5..Ih the absorption reaction the-injected dust, disappeared, from 

“ if -• .the peritoneal cavity without the production of scar tissue.:', -
\t i. ~':Z ■ 6. In- the proliferative reaction the nodules produced by the dust

3j !i '' continued to increase in size up-to 112 days after injection, the maxi-
^ ' mum duration of the testa in this series. ' ^
w || %' ‘ ’^77 In .the inert reaction, the amountof injected dust.remained ap-

i* 'rV —' prorimately the same-in the peritoneal'cavity throughout the various 
^ ,'J -J periods, hut the nodules became more fattened and fine particles of
C2- .r l:. ... ^ust werecaxxied over rather extensive areas in the peritoneum by 

phagocytes.- • - yV . -r- f
- -, 8- Caldta, limestone, precipitated carbonate, gypsum, and
cement exhibited an absorption reaction. -

9. .Quartz, chat, and flint produced a proliferative reaction. - 
'10. Soapstone, carborundum, jeweler's rouge, anthracite coal, bitu­

minous coal, and precipitator ash were inert in reaction.
- •

?—-vr CONCLUSIONS *zv-. ;;-—r - ~r-

j

• i". .

The tissue of the peritoneal cavity responds actively to a dust 
introduced as a foreign body, and this response is of such a character 
that it may be used as a basis for the classification of industrial dusts 
from a physiological standpoint. In this report,'dusts of uniform 
chemical composition or those definitely known to produce or not to 
produce were used, and for this group the reaction occurring
in the peritoneal cavity was uniform and constant for each dust. ■ It 
seems probable, in view of the nature of the reactions, that dusts of 
mixed chemical composition will produce zesponsee to those
f and in this aeries of dusts. • • V

- . Tests of longer duration are now in progress to determine the ulti­
mate' fate of the dust m the peritoneal cavity; yet for-purposes of 
obtaining a definite response to any dust 90 days, .appears to be a 
sufficient time interval between injection and examination, v.;

' acxNowLXDQitnrr ___
. . ■ ■■■ * - J|v >. * - 1 ■ 'J- - - ' I.
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in these experiments. The illustrations were made by the photog 
xapher of the Bureau of Mines. ' ^ ____
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SULPHUR DIOXIDE FOR THE FUMIGATION OF SHIPS* 
METHODS OF USE AND PROSPECTS OP IMPROVEMENT 

By C. I— WtLLZAVS, Senior Surgeon, United State* Public Health Service

Sulphur dioxide has been used for many years in the United States 
for the disinfection of ships. The discovery that germs were causes 
of disease and that they could be destroyed by fumigation became the 
basis of its employment for this purpose in the latter part of the past 
century. While the procedure was utilized against all of the quaran- 

. tinable diseases, it was employed most particularly against yellow 
fever—before: the discovery that this disease is transmitted by the 
mosquito, in the hope of destroying the virus, and, after this discovery, 
for the purpose of destroying the vector.

Fumigation with sulphur was the principal method utilized on ships 
in the United States until 1914, when hydrocyanic add was introduced 
as a practical ship fumigant. Before the appearance of the cyanide 
gases, a relatively brief competition was set up by funnel gases—that 
is, a mixture of carbon dioxide and carbon monoxide; but the appara­
tus proved too- cumbersome for general use, and its failure to destroy 
fleas was considered a disadvantage for antiplague measures.

While today in the United' States hydrocyanic add has largely re­
placed sulphur;1 the latter is still in use at many of the smaller quaran­
tine stations, where it is economically impracticable to maintain 
fumigation crews trained to use the more hazardous cyanide. About 
30 percent of ship fumigations are performed with sulphur.

(j In the use of sulphur dioxide, the United States Public Health 
S Service has never seriously departed from the method of producing 
cn this substance by burning sulphur, and has employed this method in 
•d two ways: One has been to bum the sulphur, in small lots, in iron 
Hpots placed inside the spaces to be fumigated; the other, to bum it 
pin a specially constructed furnace, from which it was blown through 
§large tubes into the ship. For a time sulphur furnaces were very
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