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Dokota, Colorado, and Wisconsin) indicates that the severity of
dental caries i3, in gencral, lower in mottled enamel areas as com-
pared with normal arcas in the same State.

3. Inasmuch as it appenrs that the minernl composition of the
drinking water may have an important bearing on the incidence of
dental caries in o community, the possibility of partinlly controlling
dental enrics through the domestic water supply warrants thorough
epidemiological-chemical study. :

ACENOWLEDGMENT

" The outline ol the arlesian basin in eastern South D:zkota shown
in figure 1 was taken from plate LXIX, by N. H. Darton, in part 2 of
the Seventcenth Annual Report of the United States Geological
Survey, 1805-96. :

The writer desires to express his indebtedness to Senior Statistician
Wm. M. Gufafer and Senior Chemist E. EKlvove, Nationsl Institute
of Health, for many helpful suggestions and eriticisms in the prepara-
tion of this paper, o the Wisconsin State Board of Health for supplying
information on the flucride content of the water supplies of the seven
Wisconsin eities with high dental caries nttack rates, and to Prineipal
Statistician Selwyn D. Collins, National Institute of Health, for a
review of the paper.

RETERENCES
(N Black, G. V. (in eoflaboration with McKay, F. B): Motlled tecth. An
., endemic developmentsl imperfection of thhe tecth, heretofore unknown in

the literature of dentisiry. Deut. Cosmos, 58: 120-156 {Fclwuary

1916).
9 McKay. F. 8. (in collaboration with Black, (. ¥.): An invesiigation of
metiled teeth, Dent. Cosmos, 58: 477481 {(May 1016). i
+~ (%) Masaki, T.: Geéﬁmphic distribution of “motiled tecth” in Sepan. ~ Shikwa

Gakuhwo, 36: (Ociober 1931). A
s W Medical Research Couneil, Special Report Series No. 87, 11, The Incidencs
of Centat Disease in Children.* 1lis Majesty’s Biationery Office, London,

- 1923, . .
v () Ainsworlh, N, J.: Mottled teeth. Brit. Dent. J., 55: 233-250 and 274-276
: {September 1933). : o
0 Emixsqnin.sll.: Dicutes veleados. Rev. Odont. (Buenos Aires), 23: 296-313
(3lay 1933).
v () McKay, F. 8.z The establistment of a definite relation belween enamel that
ja defective in its streeture, 88 motted enamel, and Lhe labilily tu decay,
J JI. Dent. Cosmas, TU: T47-755 (August 1929).
® Decan, H. T., and Elvere, E.: Siudies on the minimal threshold of the
: dental sigm of chronic endemic fluorasis (inottled enamel). Pub. Heallh
: Rep., 50: 1719-1729 (Dec. 6, 1935).  (Reprint No. 1721)
/() Dezu, H. T, sud Elvove, E.: Some epidemiological aspeels of chronic
endeusic dental fluerosis. Am. J. Pub. Health, 26: 5G7 375 (June 1936).
v (U0) Dean, K. T., and Elvove E.: Further studica on the minimal threshold of
chronic endemic dental fluorosis.  Pub. Health Rep., 52: 1249-1263
{Fept. 10, 1937). (Reprint No. 1857.)
v (1) Dental survey of sehool children, ages 6-14 years, made in 1933-31 in 26
Saiei.  Publie Health lhalh-(in.&a 226. 4. §. Pulidic Health Servics,
Washington, D. C., 3lay 1936. .
(7} Boissevain, C. H.: The presence of fluorine in the waler supply of Colorado
ol ity relation to the ocowrenee of moitled cnaincl olorade Med.,
30- 142-198 (April, 1933). - :

s

1453 Angust 1, Hus
SILICOSIS AND SIMILAR DEHST DISEASES

Bedical Aspeets and Control

By R. R. Savens, Senior Surgeon, and R. R. Jonzs, FPassed Assisiond Surgesn,
United Slates Public Mealthk Service

The pneumoconiosea represent & class or type of diseases of the lung
which develop slowly as s result of cecupational exposure. The term
“pneumoconiosis’ may be applicd to any pathalogical condition of the
lung produced by the inhalation of dust. It is comunon further to
dassifly prenmoconiosis according to the chief conslituents of the dust
producing the cendition; for example, silicosis produced by silica,
asbestosis produced by asbestos, siderosis produced by iron, santhra-
cosis praduced by carbon particles, ete. Of these, silicosis and as-
bestosis ars by far the most itnporiant from the viewpoint of number
of workers exposed and the disability associated with their developmsnt.

Since silicosis is the most important, and contro] measures effective
in preventing silicosis are spplicable in the prevention of other forma
of pneumoconiosis, this discussion will be limited chiefly to reporting a

summary of our knowledge concerning the cause and preveation of -

silicosis.

Fhe Committee on Pneumoconiosis of the Industrial Hygiens See-
tion of the American Public Heulth Association (), defined silicosis
08 follows:

A disease due to breathing air containing silica (8i0y), characterized anatomie-
ally by geuernbized fibrolic chunges, and the developinent of miliary nodulation
in both lungs, and clinically by shortness of breath, decreased chest axpansion,
lessened eapacity for work, abeence of fever, increased suseeptibility to tubereu-
lusis (some or all of which symploms may be present), and by characteristic X-say
findings.

Thiz definition of the disease seems to be satisfactory from a medical
poini of view; however, in a law recently passed in West Visginia, for
the purpose of the act silicosis was defined as an insidious fibrotie
disease of the lung or lungs, due to prolonged inhalation sud accumula-
+tion, sustained in the course of and resulting from employment, of
minute particles of dust containing silicon dioxide (Si0,) over such a
period of time and in such amounts as result in the substitution of
fibrous tissue for normal lung tissues; and the term silicosis shull also
include silicosis accompanied by tuberculosis of the bungs evidenced by
the presence of tubercle bacillus in the sputum.

While the foregoing definitions of allicosis were obtanined from
sources that might be expected to have somewhnt different views, all
have ane thiag in common-—that the cause is silica or queariz.

Although other dusts, when inbaled in sufficieat concontretions over-

a long pefiod of time, have been shown to be capable of producing a
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acterized hy nodular fibrosis has to dato been shown clinically and
experimentully to be associsied only with the inhalation of dusts
eontaining silica.

According to Dorand’s Medica) Diclionary, “Pneumoconiosis is a
Jung diseass due to the inhalation of minute particles of dust. It is
attended by fibroid induration.” Pueumocontosis is & gencral term,
and tho lung disease caused by any one dust usually tukes the name of
that dust, a3 anthracqsis, silicosis, chalicosis, siderosis, and asbestosis.

BILICA IN NATURE

Siliea is the most abundant constituent of the minerals and rocks
that make up the crust of the earth. It occucs in two forms, free and
ecombined. The free silicas as & group are definite compounds in the
form of Si0;. The combined forms are silicates. Of free silicas which
oceur in nature, that known as quartz i3 by far the mosi common.
Quartz i3 hard miners] and chemically resistant to reagents. It is
an abundant constituent of grenite, schist, and other rocks, snd the
chief component of sandstane and quartzite. Maay ores are deposited
in veins that eonsist nearly wholly of quartz. Probably the next most
common form in which freo silica exists in nature is the smorphous
llydrabed form known as opal (SiO,~H,0). Opal is 2 siliea of collotdal
origin and ocrcurs abundantly in the diatomaceous earths. It is less
resistant to reagents than quartz. Another type of free silica fre-
quently found is flint; aud with flint is found chalcedony, a waxy,
iranslucent form of silica interpreted as consisting of fibers of quartz
with & small amount of interstitial opal. Other forms of free silica

_occurring less abundantly in neture are tndymlte enstobalite, and
siliceous glass, or vitreous silice.

OCCUPLTIONAL BXPOSURE TO SILICA |

QOwing to the fact that the earth’s erust contains so grent an amount

of silica, it is obvious that those occupations concerned with the
driving of tunnels, development of highways, and mining are fre-
quently assaciated with a slicosis hazarnd. A second class of occupa-
tions exposing the workers to this hazard mre those connected with
industries that have to do with the processing and industrial use of
minernl products, such as the smelting and refining of ores, the use of
sand amd gravel for struetural purposes, the carving of stone, purticu-
Yarly granite, the manufacture and use of certain abrasives, and the
pracessing of the various forms of free silica. According to Knopi (2),
the most common forms of free silica used industrially are massive
crystalline quartz, quartzite, sundstone, fint, tripoli, dintomaceous
carths, and silica sand. Table 1, from Ladoo (), illustrates the great
variety of uses to which silice is put in industry and shows the kind of

gilica adanted to ench nurmaca

lnm- hs:a‘liuu feaosilicon. and silicon alloys | Medantely pare sand.
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In o recent survey (4) carried on in a large manufacturing center,
it was found that about 9§ percent of the industrial workers were
employed in occupations where the silica hazard requived consider-
ation. Accorling to the census for 1930, there were guinfully em-
ployed in the manufscturing end mechanical industries in this
country approximately 14 million persons. 1f the above mentioned
survey can be accepted as representative of the occupationsl distri-
bnuon of" these worl\ers it appears t.hat there are nearly 1,200,000
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turing and mechanical industries alone.
their discussion concerning the prevalence and effect of silicosis,
state: “Our very rough, but obviously conservative, estimate of the
pumber of workers exposed o silica dust to a harmful degres in the
United States is, thereforo, upwards of 500,000."

FACTORS INFLUENCING THZ ACTION OF BILICA DUBT PARTICLES A8 THE
BXCITING CAUSE OF BILICOSIS

Although it has been sccopted that silica is the exciting cause of
silicosis, thers ave certain factors which must be considered as influ-
encing iis action.

Tissue reaction lo dusl.—Early workers were inclined ¢o consider
that the injury caused by the dusi particls was due to mechanical
irritotion produced by iis hard and cutting edges. Gardner (6) hos
shown experimentally that the ishalation of finely divided carbo-
rundum dust having sharp edges, of a greater hardness than silica
particles, does not produce the nodular reaclion characteristic of
silicoais. Collis (7) wes one of the early workers to draw our atiention
to the chemical action of dust. Gye and Xettle (8) have shown that
silica in solution or nonerystalline form exerts s toxic action ugon the
tissues which leads to the proliferstion of fibroblastic cells. Lately,
Miller and Sayers (9) have reported results of experimental studies
which illustrate clesrly the reaction of periloneal tissues to certain
dusts. Only the silica-containing dusts bave uniformly praduced &
proliferative reaction. Other dusts heve been either completely
absorbed, leaving no scar tissue, or have remained unaliered in the
form in which they wore injected. These Jutter reactions are clossed
ns “absorplive” or “inart.” T

Size of dust parficles.—Sinco dust, to exert ils harmful sction, must
enter the finer divisiona of the lung, the particle size of the atmos-
pheric dust bears a definite relationslyp to the injurious effect pro-
duced. ‘The silica must be present in the air in particles small enough
to enter the finer air spaces and of such dimensions that the phagocytic
colls may engulf them. The notural defenses of the respiratory tract
probably prevent many particles larger than 10 microns from ever
reaching the finer divisions of the lung, and such as do are likely to be
cxpelled with the bronchinl secretions. Thesolublesilica playsadefinite
part in the production of the discase, and the size of the particle also
affects the ratc of solution, due to the fact that the smaller the particles
the greater the tolnl surface area exposed Lo the action of solvents.

Table 2 shows the sive distribution of various industrial dusts as
compared with the dust pariicles observed in the outdoor air in the
genecnd atmosphere.  Apparently nbhout 70 percent of the particles
found in industiial dusts gencrelly are betwecn 0.5 and 3 microns in

Lanza end Vane {(5), in »

TanLE 2.—.§s’ae-freqmncy distribution of various sndusirfal dusis as sompared to outdoor duet !
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dinnictes. Thers ars no doubt many times as many particles too
emall to count by the method used, but experimentally it has been
shown t!mt & greal percentuge of such submicroscopin particles are
pot retainod in the lungs but pass out with the expired air. Sayers
{10) has shown that Jess than 15 percent is retained when the finer
particulate matter, such as lead in tha form of fumes, is inhaled. The
greater yujority of particles found upon microscopic examination of
the hung also fall within the limits of from 1 to 3 microns.

Another reason for considering the size of the particles ss affecting
the harmfulness of the dust, is that it is the larger ones that setile out
rapidly while the rate of falling for the smuller particles is very slow.
Figure 1 illustrates graphically this difference; those under 1 micron
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Faucns 1.—Rapidity of setthing in relation to size and density of dost pasticles.

fell at a rate of from 1 to'3 feel per hour, varying with the specific
gravity, while a particle 5 microas in diameter of 7 specific gravily falls
sbout 60 fect per hour. Particles of more thun 10 microns would
seﬂ.lq out in a relatively short time. Ths fact that the finer particles
remain suspeuded in the atmosphere for long periods greatly increnses
their chance of being inhaled.

Thos we may say, from the viewpoint of etiology, that the harmful-
ness of a given dust eontaining free silice is directly influenced by the
nutber of particles of free silica-it contains less than 10 microns in
diumeter, and probably the grentest harm is produced by those between
1 and 3 microna. .

1459 Angust 19, HE

Conceniration of dust in the atmosphere.—The relationship of dust
conceatration and duralion of exposure are closely sssocinted in their
etiological significance. The wate at which silicosis will develop,
excluding certnin factors considered as predisposing, depends upon the
dosage of frce silica. This dosage is obviously dependent upoa the
amount of silica in the air inhaled and the durniion of exposure,

In 1902, o committee, of which Dr_ J. S. Haklane was a member,
reported (1) upon an investigalion made to determina the couse of
excessive mortality rotes from tuberculosis among the Cornish lim
miners. ‘This group decided thet it was evident that the inhalation of
stone dust by these men in the perforinance of their tasks as miners
was the couse of permanent damage produced upon the lungs.
Furthermore, they noted that the condition developed gradusily in the
case of the ordinary miner, but rapidly in the case of the machine
workers who were exposed to greater amounts of dust. Dr. Watkins-
Pitchford (I2) and Dr. Mavrogordate {(£3) and other South African
workers, in their discussions relating to the etiology of silicosis, em-
phasize the relalionship of the concentration of dust and duration of
exposure to the degree of lung changes produced. Mavrogordato has
suggested .the advisability of intermiitent employment as an aid in
lessening the amount of changes produced; but sside from the fuct
that it does delay the reaction, it has not been shown that it could
sofely be relied on to prevent silicosis where exposurs is to suflicient
concentrations. Workers in this country have ulso shown the rela-
tionchip of dosage to the severity of the reaction. Reports of the
Picher Clipic (£4), of the Tri-State District of Oklahoma, Kansas, and
Missouri leud and zine mines, which is & cooperstive undertaking, by
sgents of the operatoss, the Metropolitan Life Insurance Co., the
Buresu of Mines, and the Public Health Service have shown clearly
the effects of various periods of exposure to silica as met with in the
mining processes carried out in the district. Similar studies upon the
health of granite workers (15) ({6) likewise stress.the duration of
exposure necessary to produce definite degroes of silicosis.

Role played by other dusts present with silice.—Most suthorities agree
that the presence of other inorganic dusts in the silica-containing
atmosphere may tend fo influence the rate of progressive reaction
resulting from inhaled silics. Some of them tead to alter somewhat the
radiographic eppearance so that the nodular shadows are less discrete.

Some Lave thought &hat the relative absence of silicosis in ihe
eemnent indusiry was due to the calcium present. However, investiga-
tions (17) have Jed to the belief that the absence of evidence of exten-
sive pubnonary fibrusis among employees in the cement industry is due
to the fact that there is insufficient total exposure to free silica (con-
sidering tle perceas of freesilica in the dust, concentration of dust, und
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. No completo reparts of pulmonary fibrosis resulting from the
inhalation of organic dusts have appeared in the literature. Always
when such fibresis is associated with the breathing of air containing
organic dust, either inorganic dust has besn slown to be present or
at least its abeence has not been definitely proved.

In regurd to the presence of other irritating dusts, Chapman ({8),
Kessler (£19), MacDonald (20), Kilgero {21), and others have reported
cases of so-called acuto gilicosis resulting from the inbalstion of air
containing high concentrationa of silics aloag with atrong slkali in a
fine powdered form. Some have suggested that the repid setion of
the silics in the production ef pulmonory fibrosis is aided by the
presence of these slkalis, because silica is more soluble in alkaline
solutiona. Kottls (28) failed 4o demonstrate such actions experi-
mentally and sistes that proof is still lacking that any action of the
kind may occur. Pathological reports furnish evidence of a definite
fibwesis; but the entire picture differs remarkably from that of the
{ypical ailicotic, such as has been furnished by Gardoer (£3) in his
reports upon the examination of tissues from clinical cases of silicosia
as well as his pathological reports made from tissues oblained in his
expenmental studies.

Sayers, Meriwether, and Lanza. (14) reposted that of the employees
in the lead and zine wines, those who gave a bistory of previous coal-
mining expericnce developed a definile silicosis in 8 sharter time than

employeea of the same age without this experience. This canuot ba
. taken to mean, however, that the jnhalation of coal dust hastened
the action of silica, for it is doubtful whether any of these conl miners
had worked where they were not exposed to some free silica, so that
the total dosagoe of silicn was not the same in the two groups.

OCCUPATIONAL HISTORY

An important factor in determining etiological significance of total
dust expusureis s complete, carefully taken occupational history.
. g TasLE 3.—Occupational record
Offtee: Induvirial Hygheas.

Present agre: 490
Nunbey of years wocked: 34.

Nunbe of years
—
Bpecifiy sccupation Specidc indusiry
Hard Now
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Prosusd: Soetd . Anllwarits cwal,
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3. Contract miney fehambes) ... . ... | ——-do. 15
2 Iinery’ | (ehimamber) .. B 3
3 BMule driver (dey mine). . . Ao, 3
4. Putztey {bey miney _____ B NN . Y
& Slyte picker (dry breakes) Mo __ . 2
& Yasm huboyer {Pn) Agticuban: . — i, T

Repsuss: Eslisanles to2s] Lime b dll‘glk wurkln; life—3 yeurs. Ny recording Lhw cowsplete date, the
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Tablo 3a shows the activities and associated dust exposures of
chumber miners and laborers. It will be seen that each activity
enguged in by those coal miners was studied separately. Experience
has shown that the various occupations comprising the process of any
dusty occupation are usually associated with dissimilar dust exposure.

Tanie 8a.~Dust exposure of contract miners and helpers (luborers—{(Ramber

mining

Avernga

Numbey | Just conut, | BEMious of
sacts o | el | i | pon
activiey eabic cubje

air
Jack hammuzy illing - <3 A 55 (7t )
Hamd boading e n 3 1338 438
o S I |
BeAMOg up props, sl io main skrweys .. a 1 41
Talal © uq .. N K

- 3,121 million pasticle-benrs [T cubit oot squals 460 million pasticles por enbie faot 034 hours.

It is apparent from this analysia that the hand londing of eoal

_contributes about 73 percent of the total dust exposure of chamber

miners and loborers, although this occupution comprises leas than
one-third of the total working hours. Juck-hammer drilling, which
occupied but 1 hour of the 6}-hour miners’ day, amounts io 18 per-
cent of the total exposure, while the practice of entering a room too
soon after blasting unduly exposes miners to s large amount of dust,
this quantity being about 7 percent of the total dust exposure. Table
4 shows the method of analysis used io determine an estimste of tha
individunl’s total dust expoesure.

TasLE 4.~—Bstimaison of the individucl's leial dust cxposure
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Morg detailed npplication of our knowledge of the true cause of
silicosig™is illustrated in luble 5. In this study of the actual duties
required 49y the job, it is revealed that the grestest hazard, so far as
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of & parling compound. It ia generally agreed that tho most impor-
tant silies esposure of molders is due to other silica-generating proc-
esses often conducted in the vicinity of molding operations. 1t is
obmn_m that the risk associated with molding operations can be
materu_!ly less_ened either by using & pariing compound containing
less silica or in properly safeguarding the user by adequate dust
control during this operation. With such occupationsl histories avail-
able, and the knowledge of the percentage of total dust exposure
revealed by detailed occupational analysis, it was found posaible in s
recent study to prophesy in 9 cascs out of 10 approximately the condi-
tions thut would be found upon physical examination in cases whore
the total changes were due chiefly to dust inhalation.

TaprE 5.—Dust exposure of molders
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Geographice! distribution.—Eight countries were represented at the
I{Jtcrnntionsl Conference held in Johannesburg in 1830. A recent
bibliography on pneumoconiosis lists references to the literature of
26 countries.

Since tho. licerature of practically all the principal nations of the
?:;r.ld conlm:a :-;if: o:n this subject, it is apparent ihat no national-
ity is exemp at all races are su ible 3 i
e cxompt, and that sceptible is shown by the wide

Age—Although the dats show incidence is higher among the
younger miners in diskzicts where the percentuge of free silica is high,
’nui among older miners where tho perceatage of silica is low age m'
itself probably is no grest factor. . ’

Preriovs exposure.—Previous occupstious of the men are reported
to have a definite influence in predisposing to silicosis, if they have
been exposed to dust or to other respimtory irritants.

Dudiridual susceptibility —The factor of individua! susceptibility is
?fu.an. mentioned. Generally speaking, if there be any difference
individual sue':l:eplibiﬁty, it can ususlly be considered an acquired and
uoi & congemitn] condition. Iekert (24) quotes Bohme and Luconus

1463 Angust 1, 1038

and Schulte-Tigge s stating that it is essential that the individual
possess excellent functioning nasal passageways, in order ihat the self-
cleansing mechanism may work efficiently. He calls attention to the
fact that Irvine, Sinfgbon, and Strmlmtreport the “classical” Lype of
silicosis to be more common among the robust type of individusls with
lcss respiratory reserve. lIckert found some slight variation in the
susceptibility of persons necording to their type of body build. Asa
whole, the group classed as slender individuals developed simple
silicosis somewhsat slower than the stoutly built persons; but the
incidence of advanced silicosis was greater in the former class, being
nearly double that developing in the sturdy woskers.

Lebmann’s (25) experiments to determine the funciionsl efficieney of
the upper respiratory tract in the removal of dust, suggests that
abnormalities of the nassl passageways probably play soms part in
the rapidity with which silicosis may develop.

It is suggested by some that chronic bronchial asthma may be con-
sidered a predispusing factor affecting individual suseeptibility. The
spasmodic attacks, if frequent, lead to a reduction i the individuel's
vital capacity. Asida from the pulmonary fibrosis, other pathological
manifestations of silicosis such ss bronchiectasis, emphysena, snd
right heart hypertrophy and dilatation, way bo aggravated by this
chronic condition.

Role of infection.—Since respiratory infection has been shown to be
the greatest complicating facter in the development of silicosis, cer-
tainly the history of present and past respiratory infections will have
to be given consideration in the statisiical analysis of records upon
which such conclusions are based.

Infections developing slong the respiratory tract may be of im-
portance. Sinus infections may act by decressing the efliciency of
the upper respiratory truct in the removal of dust {rom the air passing
to the lungs, and slso they may be the source of infections that apread
to the lower respiratory tract. Acute puenmonic conditions as well
as the mors chronic lung cheages such ns chronic bronchitis, bronchi-
ectasis and bronchiolectasis, emphysema, and pleurisy, all tend to
decrease the ability of the lung to rid iteelf of foreign materials,
through lessened lympbatic drainage and decreased power to force
the broachial secretions and foreign matier from the lungs.

Clinical findings and diagnovis.—The subjective and objective signs
of silicosis vary sccording to the rate of development and degree of
pulmonary fibrosis and, when infection is present, accordiog to the
type, extent, and duration of the complicaling pulmonary infection.

Early in the course of the disease, sigos of the condition nuay ba
absent dt slight, except for the changes revealed by X-ray examination.
When suffisiently developed, the most common subjective signs are
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depending upon degree of developent, the chicf objective signs are
shortness of breath, cough, prolonged expiration, decreased chest
expansion, altered breath sounds and rales, impaired resonance, and
characloristic radiographie appearance of the lung fields.

Diaguosis is besed upon historical data, including the complets
occapational history, past and preseat modical history, clinical, labora-
tory, and X-ray findings. Except by aulopsy, silicosis cannot be
disgnosod definitely until examination of the X-ray film reveals
characteristic nodular shadows throughout both lung fields. A com-
plote disgnosis should include, in oddition to the decision that silicosis
is present, a statemient as to whether or not there is evidence of 3 com-
plicating pulmonary infection; the type of infection if possible, and
ita extent; and, finally, a statement as to whether or not the individual
manifests any docreased capacity for doing his usnal work and an
estimate as to the degres of his disability. Individuals with silicosis
and active pubnonary tuberculosis are considered seriously disabled,
and for the safety of themseldves and others they should be barred per-
maneatly from work affording further exposure to a “siliea-besring
atmosphere, regardless of the monner in which the tuberculous infec-
tion may respoad to treatinent and rest.

As indicative of the affected individue)'s status under compensation
laws, it has beon customary to define the disepse arbitrarily into
stages—first, second, and third (/). From a medical point of view,
there is no such clear line of demarcation. \
~ Fust stage~—Chest film indicates eady nodular fibrosis, the ndi-

* vidual may or way not exhibit such clinical evidence as slight short-

ness of breath upon exertion, and some cough. The general appenr-
ance is that of a healthy individual, and there is no appreciasble decreasa
in capacity to perform ususl duties. .

Second stage.—More advanced nodulation is shown by X-ray, and
thers may bu some evidencs of localized sggregation of nodules and
pleural thickening. Definite shortness of breath upon exertion, cough
more pronounced, chest movements sluggish, and expansion asually
decreased. The individual may be able to continuse at his ususi job,
although less effactively.

Third stage.—Fibrous changes sa shown by X-ray filkm are further
accentusted. Nodules are larger und asume conglomerats form,
showing lurge shadows corresponding to areas of dense fibrosis. Short-
ness of breath is marked and distressing upon slight exertion. Cough
is increased, and may be dry, but is usually productive. Chest expansion
is decressed even upon forced inspirulion. The individual’s capacity
for work is serivusly and permanently impaired. -

The slages just discussed would seem to indicate in & way the
exient of disnbility or poteptial disability. However, those interesied
in silicosis aro tending téward the opinion that it is best to make a

-
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decision 88 to whether the individunl has slllcosu_l or no,jl, i
determine the extent of disability, if any, due to the dlmaa, without

reference to stage. )
TUBERCULOBIS AND BILICOSI®

In 1905 the Miners’ Phthisis Committee ql’ Australia, n:po'mad that
gold miners there who contracted silicosis died of t.nbeljcu.loms (28).

The incressed incideace of tuberculosis among c:ccuputmml groups
exposed to silica bas been clearly shc!wn in every instance wba:e this
hazard exists. DBritten (27) summarized the repori of the Registrar-
QGeneral of England and Wales for 1921-23, and sho:ved the uccupa':
tional mortality rate for the group of trn_dw classed ps “Dusty Tl‘udesd
1o be from 3 1o more than 10 times as high as the rate for all occupiec
and retired males. .

— Standurdized morlalify from respiralory $ubercwlosis in ofcnmhml
ey gms:.gm aserage, males age £0-65, Exgland and Wales, 1981-25 .
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Lanzs and Vane (5) show by an analysis of the mortality experience
of 12 life-insurance companics, for the period of _1915 to 1926, uuu_t.he
actual mortelity from respiratory tuberculosis smong ~tlm siliea-
exposed persons was sbout three times that of a non-silica-exposed
group. When this comparison is limited to the rates for some oflhe
occupations with a very greot silica exposure, uuch us_mehfl mining,
sandstone, and granile quarries, the excess is still more m, the
rate being about 10 times that obtained in the noo-silica-exposed

i i gilica whea inoc-
' £8) has shown that animals e.xpoud.,to >

ulﬁ:rld :::ll(a strain of tubercle bacilli of low v.u'nlence will develop
systemic tuberculosis and die, while contr«_:l animals not so 'expused
usually are not seriousty affected by injections of such organisms.

PROGRESSIVE TENDENCY OF THE DIBEABL
Sinoe infection has been-shown to play an important rols in the

advanced seriousness of silicosis, the possible relationship of thl:
infective clement to the progressive tendency of ‘the dssemecanno

be overiqoked.

Irvine (29) has Btated that it is not a0 much what the enndition of
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emphasizes the tendency of the fibrosis ¢o progress, even though
removed {mx_n exposure, and expresses his opinion that it is one of
the mosl seftous aspects of the whole silicosis problem. No remedy
lias been shown o be of value in the climination of the pulmonary
b!)rl_)s:s .nllbougb improvement in symptoms may be noted afier the
victim I8 _rexnoved exposure. According to the observalions
made by Bohm chum)(30), silicosis progressed, sfter removal
.£mm exposure; in 20 percent of the cases diagnosed as having silicosis
in grade 1, in 40 percent of the ceses in grade 2, and in practically all
cases in grade 3. | .
: . EVFECTS OF OTHER DUSTS

1t seoms to be the consensus of opinion that silica dust is the most,
harmful, and it ia the principal one with which indusiry is concerned.
However, ashestos is weported to be the one which produces a condi-
tion which is disabling and cauacs death. »

Asbestosis is relatively s new disesse in industrial workers, as
asbestos has not been in general use for so many years. Asbestosis an
anhydn'm_s form of magnesium silicate. Phe symptorms of asbestosia
are insilious in omset and irregular in the course of the disease.
Dyspnoea and cough are the most prominent, and ss the disesss pro-
gresses the cough becomes productive. Elnstic fibers ean be found in
the sputum in advanced ceses, indicating that there is destsuetion of
the pulmonary tissue. Asbestos bodies have been found in the
sputum and the finding of them is a disgnoatic aid, showing that the
worker has been exposed to the dust. These particles of asbestos in

the sputum usually show evidence of disintegration. Asbestosis

usu.nlly dovelops after exposure {o the dust (excessive quantities) for o
pexiod of approximately 7 to 11 years (81). It has not been shown
that ashestosis predisposes to tuberculosis 2s’does silicosis. Death
usually results from pneumonta, bronchitis, or influenza and less often
from tuberculosis. When tuberculosis complicates asbestosis, the
clinical picturs is not the fulminating type. ~

The X-ray characteristics of the chests of asbestos workers differ

from those of workers exposed to silice dust. The warkings are less
distinct and are described by some as having 8 “‘ground-glass appoar-
ance.” The nodular fibrosia of silicosis is conspicuonsly absent.
Auother form of pneumocomiosis accurs incident to exposure to
magnesinm silicrte dust in the form of tale. This dust is & hyirous
!’orm of magnesium silicate, H,Mg, (Si0,),, and is used in  number of
industrial processes. The mining and milling of tale entaila exposure
to excessive amounts of the dust. Dreessen (32) zeports the results of
a stady of exposure to talc dust. He states that a fins bilateral fibrosis
of the lungs occurs, which is demonstrable by the X-ray; and thet while
very dusty gonditions prevail in the production of tale, it cannot be

" said that the resultant pnaumoconiosia hee lod 1o Jisnhilitr

1467 Angnst 75, 1538

ANTHRACO-SILICOS]IS

Anthraco-silicosis is the termm used to describe 2 certnin form of
poeumioconiosis, commonly called miners® asthma. It is 4 chronic
condition due to breathing dust incident to coal mining. I is char-
acterized by general fibrotic changes of the lungs with the presence of
excessiva amounts of corbonaceous and siliceous materials. A com-
pensatory emphysema occurs and often cardiac changes take place in
e Jaler siages. -

The coal mining employees were grouped occupationslly, lorgely in
accordance with the proportion of fres silica found in the dust to which
they were exposed.

"~ No cases of anthracosilicosis were found in a control group com-
pused of hard-coal mining employees whose dust exposure averaged
less than 5 million particles per cubic foot of air.

The prevalence of anthraco-silicosis among the entirs group of em-
ployees was found to be about 23 percent. Among men exposed 15
t0 24 years to dust containing less than 5 percent free silica, 14 percent,
of those who had worked where the avernge dust count was 100
million to 199 million particles per cubic foot, 29 percent of ihose
exposed to 200 million to 299 million particles, and 58 percent of the
men who had worked for this period in more than 300 nillion particles
per cubic foot, developed anthraco-silicosis.

Among the men employed for more than 25 years in dust containing
less than 5 percent [ree silicn, the proportion of persons found with
anthraco-silicosis under different concentrations of dust was as follows:
% million to 99 willion particles, 7 percent; 300 million 1o 399 million
partictes, 54 percent; 200 million to 269 million particles, 71 percent;
300 million or more particles per cubic foot, 89 percent.

With the exception of miners, their helpers, and roek workers, about
25 percent of all the men employed underground developed anthraco-
silicosis after 8 working period of more than 25 years. This group
was exposed to dust having a quartz content of sbout 13 percent.

The prevalence of anthraco-silicosis among persons who had been

' exposed for more than 2 or 3 years to dust of which about 35 percent

was free silica, varied from 10 percent among those who had worked in
concentzations of less than 200 million particles per cubic feot for
Jess than 15 years, to 92 percent among those who had besn employed
for more than 25 years in dust concentrations exceeding 300 million
particles per cubic foot, more than 2 or 3 years of which time was
spent in rock work. . ‘

Age per se appented to ploy only a minor role in the development
of apfbraco-silicasis.

Analysis of the data for the purpose of determiningl safe limils of
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taining less than 50 million dust particles per cubic foot would pro-
duce o negligible apumber of casc: of anthraco-silieosis when the
quartz content of the dust was less thun 5 percent. In the gangways
where the silica content of the dust was about 13 percent, a sale
limit appesred to be 10 million to 15 millicn particles per cubic foof.
The limit of toleration for rock workers was set teatatively ot 5 million
to 10 million particles per cubic foot of air.

Pulmonary infection increased with length of service more rapidly
among tho men in the haulageways thoan in the coatrel group, and
much more rapidly ' among the regular miners. The highest ratea
of pulmonary infection, however, were found among the rock workers
of more than 15 years' servica.

Thie prevalence of pulmonary tuberculosis ameng the hard-coal
mining employees at ages below 35 was slightly leas than that found
through studies of tuberculosis among male adulis in the general
population of the country. In ibe age group 35 to 44, however, the
prevalence of taberculosis was about twice, at ages 45 to 51 about
5 times, and for the nges above 55 it was about 10 times the rate
found in the general populstion.

Tlie bighest prevalence of clinical pulmonary tiberculosis oceurred
among the rock workera (en who had been employed in rock loading
or rock extraction for more than 2 or 3 years). After 20 years' serv-
ice, of which more than 2 or 3 years were in rock work, 37 percent

presented evidence of pulinonary tuberculosis.

- In a group of 135 completely disabled former anthracite workers,
which dul not include any known cases of tuberculosis, 10 percent
proved positive for pulmonary tuberculosis.

Pulmonory infection (fuberculous and nontuberculous) was found
among 58 percent of the émployed men baving early enthraco-silicosis,
and in 92 percent of the workers in the more advanced stages.

Clinical pulmonary tuberculosis was diagnosed ip 15 percent of
those with early anthraco-sificosis, and in 43 percent of those in tho
more advanced stages.

In all groups conmibined, with the exception of the control group,
about 20 percent of the montuberculous workers were diagnosed as
having some respirntory diseose other than tuberculosis. In the
contrul group only 6 percent had nontuberculous respiratory disease.

In the control group less than 2 perceat were found with moderate
or marked physical iinpairment cansing decreased capacity for work
as compared with shout 10 percent among the regular miners, and
with approsimately 13 percent among the rock workers. With the
exception of the rock workers, no gronp showed modcerate or marked
physical impairment in excess of that found among the controls when
the period of employment was less than 20 years. However, gn excess
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miners and among others exposed to dust containing less than 5 pevcent
free silice when they had worked from 10 to 20 years in atinospheres
contsining more than 100 million particles per cubic foot.

The correlations between exposure to dust snd the evidence of
constitutional changes Jeft litile doubt as to the etiolugicnl significance
of the dust in the air breathed. Like correlutions were found between
the silica exposure 2nd the extent of pulmanary changes.

Mortality from respiratory diseases wes found to be much greater
among antbracite workers thanin the general adult male population
of the country. The data tmdicated that undergronnd work s the
absence of dust did not predispose to fatal atiacks of respiraiory
discase.

PREVENTION OF BILICGSIS

This phase of the silicesis problem may advantageounsly be consid-
ered under two main divisions—medical and mechanical.

Medical —Preliminary and periodic physical and roentgenoclogical
examibation should be made of all employees engaged in industrial
processes where there is 8 pofential if not actual exposure to excessive
concentrations of silica in the atmosphere. Medical persopnel making
these examinations should be familiur with the industral processes in
which the individusal is to be employed.

In fairmess to the individual, his fellow workers, indusiry, and even
the public at large, an individusl with evidence of nctive tuberculosis
or extcnsive hesled lesions should not be amployed in an atmeosphere
where there may be exposure to silica dust. 'The infected individual'a
condifion may become aggravated by such exposure to silica dust;
his fellow workers may become infected under conditions which might
not be dangerous were it not for the presence of silica dust; industry
may eventually bear the burden of compensation for injury to the
health of the employes and possibly some of hia coworkers; and lust,
but not least imporiant, the preveation end contsol of tuberculosis

smong the gencral population will be more difficult. In the absence
. of infection, silicosis is 8 slowly progressing disease and develops at

such a mte that the individusl affected may mot become disabled
during his ordinary working life. Therefore, if infeclion can be
lessened, the silicosis problem may be much more readily controlled.

Periodic physical esamination will sexve to detect early evidence of
infection and abnormal pulmonury changes resulting from dust ex-
poaure, which will permit correction of the conditions esusing the
pulmonary fibrosis and preveat the development of disabling pulmo-
nary dicense. Unpless active pulmonary infection is diugnosed, the
individial in whom a beginning fibrosis or nondisabling silicosis is
present may be saful‘y conitnued at his employmunt, pmvzded the
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STUDIES ON TRICHINOSIS

¥IL The Past and Present Statua ef Trickinosls in the Unlied Siates, and the
Indicated Cenirol Measures !

By Mavrick C. BALL® Chixf, Dicision of Zoology, National Izstitute of Fleolth,
Unitsd States Pubdic RHeolth Serrica N

INTRODUCTION

Some factors reganding trichinosis that have been clarified since the
problem was teken up by the Pubhc Heunlth Service in the spring of
1936 are as follows:

1. Abundant evidence mdxcates quite clearly thot trichinosis s
probably a greater problem in the United States than ir any otber
country in the world. The evidence lo this effect was available abount
50 years ago, but was quite genecally ovedocked, disregarded, or
misinterpreted.
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2. Human trichinosis rests primarily on & basis of swine trichinosis.

3. Swine trichinosis rests primarily on a basis of uncooked or in-
adequately cooked pork scraps fed to swine in garbage, table scraps,
swill, and similar niaterial.

4. The indicated control of trichinosis in the United States is primna-
rily » matter of keeping such uncooked pork scraps out of the feed of
swine, and either cooking such fced as garbage' or refrainivg from
feeding any food containing pork scraps.

5. Ruts appear to have a very minor role in the production of
porcine trichinosis, and at this time may be given only secondary
consideration in our control measures.

6. The evidence aveilable indicates that our too casual mensures
for the comtrel of trichinosis have not lowered the incdence of trichi-
nae or trchinosis in man in this country during the pasi 50 years.
The incidence in swine has decreased only to the extent that the onece
widespread practice of feeding offal from slaughtered hogs to other
hogs has decrensed; and this bad prectice has been almost entirety
sbolished purely as a result of improved sanitary conditions in general
and not s a definile part of any trichinosis control progruu.

7. Prompt sclion looking towards the control of trichinosis is im-

perative for ihe protection of the public health on the one hand, and .

the protection and improvement of the swine industry and the pack-
ing indusiry on the other hand. An extension of the present move
by scicntists, physicians, and veterinarians to protect the public
liealth must be an&icipaied by the swine growers and packars $o pro-
tect their industnes from the consequences which may be expocted
Drom research within the next few years.

The {uctors just enumersted will be discussed in the following
sections.

PREVALENCE OF TRICHINOSIS

There was ashundsat evidence 50 years ago that the United States
had en extraordinory prevalence of trichinosis, but that evidence was
misread, misunderstood, disregarded, or misinterpreted for the most

" part, snd wholly unwarranted conclusions wers drawn from it.

Various writers, including Mark (), pointed out, in the 1880’s, that
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