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Dust as an Industrial Health- Hazard

F. W. HUTCHINSON

Assistant Professor of Mechanical Engineering,
University of California, Berkeley. Calif.

% croblem arising from dust in indus-
increasing seriousness. Socially,

smically and legaliy it has become evident that
immediate st c,,; must be taken to combat the hazard
r:pres ated by wholesale industrial exposure to the
omosm-"rodu cing dusts. Pneumoconiosis, in
r':_v:;.' of its forms. is incurable. Thus consideration
¢? the protlem \-hrh it represents is based lartzely
- metieds of dust reduction and removal and is
s:arefore as much a responsibility of the engincer as
it it of the physician,

"r't-n‘:tc... rﬂw'u knowledze and en"meermg
ecuipment have progressed to such a point that
rezngnition ¢f hazardous conditions and availability
ol me'“ods ‘o' correcting them will now permit a
practical and ecmomxcm solution of the
Uniortunately. creJ\, ice and fear have
cerrounded the entire subject with such an aura of
sus snicicn and distrust that neither workmen nor em-
\e's have vnti recertly been willing to acknowl-
hie hazard or —=co"m7e the need for preventive
= If 22dition. the sicw action of the disease
.ed witk failure on the part of many physicians
10 zzgualnt the cxes with the proper diagnostic
hods has made it diffcult for the worker to es-
ish s claim for co'ﬁpcns‘.t on in the event of
s and ef .ax.} gificult for the employer to
‘D against fraudulent claims; it has been
itute one of the most
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Werkmen have b tteriv opposed adoption of the

exzc ing employment oua.z.lcatxons ar‘d perlodlcal

-pread of

nire \ct. it 1s e<scntxa1
sposmon to tuberculosis
ciency be excluded from

nrotection of the worker
'v.":';i from exposure at the

ave.,
h ver hand. have adopred the
-r e oiviewthas MGst Cialms c" siicosis are unfalr and

advantage of them.
nind an emp‘o; er's unwillingness
hazard is not unrcasonable. The
es are almost invariabiy of long duration
:iy are not discovered until many years
B Thus many emplovcrs
L fcu't and alarming position of {ae-
ase which 15 a c:u!t of exposure
existed in their plants 10 or 15
time they were unaware of the
ciated with dusty atmospheres
siv. "'ouz!. they might have had every
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desire to furnish their emplovees with Jull protcctio

from occupational injury. they did not take the
“special care” which is now known to be necessary.
Wilson stztes: “Most well-intentioned emplovcrs
may be said to have used ‘reasonable care’ in past
years and—considering their lack of knowledze—
this is now their best defen se in damage suits. How-
ever, from now on, with the spread of ... available
knowledge... or~lv special care’ will sJe%ard the
interests of emplover and workman alike.”

Recent iaterest in dust discases has built up an
extensive terature; theories have been confirmed
with experimenta! evidence and innumerable case
histories ¢f individuals and of entire groups are
available. In contrast to the widespread ignorance
of ten years ago. it wouid probabh be ox‘ﬁcu t at the
present time 10 find a worker in the dusty industries
who has nct at least hcafd of silicosis, or an empioy-
er who is unaware of the crippling damage suits
which will face him if his emplovees, through faiiure
on his part to take the necessary preventive mea-
sures, coniract the disease.

The cost of dust contro) is often {ar less than the
cost of one damage suit. Jury awards in silicosis
cases cf $i35,000. z,l/OO'W £22,500. $25,000 and like
sums are matters of record. In the St. Louis area
alone there were, some time ago, over 2000 suits
pending. A \Ii«ouri mining company, as ancther
e\ample fzced claims ageregating $5.000,000 and
spent £300,000 in out-cf-ccurt settements of a few
of them.

The purpose of this acticie is to review the liter-
ature on the phy >1ologlcal eTects of some of the haz-
ardous incustria! dusts and to summarize present-
Gay criteriz acceptable zs z basis for the design of
dust contrsl gustems,

Silicosis
Stiicosie 5 o c'iacase of “he }ungs caused by the

bU[ this
:a'nuon ¢ silicate

aumov'i’ic< he..eve
fisned. that the 1
ative facter

Jrourabis and Progressize. The important facts
abou: this discase are that, for practical purposes, it
is progressve and incurable. The gualification “for
rractica. purposes’ I necessary bc::._zw recent ins
vestization: sugoesy that uncomplicated silicosis s
not pre eressive: however, the continued existence of
a case o hco-is without tie onset crmp!i:ations
is so ra:e chaw. {rom the siandpoint of soctal conse-

quer o~ the disease can in itself be regarded as pro-

cree . 1o the medica! literature the Uprozressive”
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~ \'xmvrcint is the onc which has been most widdiv
1?
t

adepted but the possibie future significance of tc
recent findings is promising.

With reference to the “incurability™ of silicesis.
rccent work has also indicated the possibility of 2
celution but it is as vet 1oo soon to hoid out hape
‘ar catisfactory medical treatment. One promising
meotiiel consists in the administration of thyrescre:
the investizators report that:

"T}‘"foi" therapy may possibiy not only prevent

the development of smhcom, but may :xlao arrest

its further progress and possibly reduce to 5o
he degree of iibrosis already C\lStXn" ?

The ’bovc remarks on the “progressiveness and
incurabilite” of silicosis have been included because
they sho“ how very far the medical profession has
Vet to go to achieve a solution of the silicosis preb-
‘em. In terms of concrete present-day gain, the sum
'r‘m‘ of the best that medicine can now offer is not
A% much value. When dealing with contazious dis-
cases such as smalipox and Spanish m’lucnz‘.. it
has been possible to achieve a sausfactory treatment
as a first step toward the climination of the dls E
itself; in the casc of silicesis, a non-contagious d i5-

sc, the only advance of real =x°mﬁcancc which s
nos..b.c is an advance which must be breuzht abeut
by the pﬁucarxon of basic cngincering principles—
the r x,:'w'x of dust concentrations at the breathing
zone to a point such that a health hazard no lenger

exists: only in this way can silicosis be eradicated.

It p“rm':tcd to run its course without complica-
tion. silicosis will lead o death by suffocation—the
rungs becoming incapable of maintaining a gas trans-
‘ar suficient to sustain life. Usually, however. ter-

/-

mination occurs as a result of complications such 2s

teherculosis or keart discase: a definite correlatiorn

l'z:;s been established between silicosis and tubercu-
. but an explanation is, as yet, lacking

\\ ith reference to tuberculosis 2 >u.ciy cf axe

~rinders and 9013:1‘10f= showed a death rate of 1,53C

‘ner 100.000 from tubercuiosis as contrasted with 130

ner 100,000 for the general population of the same
ctate. In this study the death rate of all workers in
the dusty trades investizated was used. More strik-
ine figures and more significant ones were obtzine e
rom 2 Massachusetts investigation in which ik
uberculosis death rate of 961 silicotic guarry work
ers was compared with that for the general peruia-
tion and found te be forty times as great.
lackeround and Extent. ''he name silicosis i3 ¢!
sCauvely recent origin, but the existence of he
hoanh hazard associated with dusty work has peen
jscognized by medical men for many centurizs
iom the literatere of the period we find that th:
Prolemies knew of it. Piiny the Elder referred i«
:':.c “stone cutters’ discase” and devised a crude
espirator for the p'f'ccuon of miners: Aristotis
warnea Greek workmen against the inhalation «f
C_‘s'. T—Iiﬂoocrates, three centuries before Christ
novieel that his surgical knives were dulied by cust
i the unes of stone workers. In the 16th centa::
Georees Agricola. 3 mining engincer, wrote “Dw R.

ey

58

NMetallica™ and. with reference to dust, warned his
readers to beware because it “penctrates into the
windpipe—cats away the lungs—implants consump-
iien in the badv.” e called atteation to the fact
‘ot tie death rate among Carpm!*inn miners was
o oreat that a wife could often oudive six husbands.

The passage of ime has Jone little to alleviate the
hazard. The development of pneumatic ools has led
tc a great increase in the dust concentrations at-
tending the grinding. poiishing and cutting of stone.
The death rate among Barre granite cutters, for ex-
’“w‘c increased frem 1.3 per ].OOO in the vear 1890
w 19.6 per 1.000 in 1924, an increase awributable to
the introducticn of pneumatic cquipment. When one
realizes that a threshold concentration of 5 militon

particles per cubic foot is required to constitute 2
~m cosis hazard (for dx:t made up of 10096 {ree

itca). it is then cvident that there are many indus-
trias opunt-uns today w mch represent health haz-
ards that did not exist prior to the introducticn of
wechanical eq uipment.

Manv estimates have been made of the number
of persons exposed to hazardous concentrations of
liza dust, but such estimates are usually based only
on industrial exposure. When account is taken of
the {zct that 60¢¢ of the carth’s crust consists of
sitica the Likelihood scems great that such estimates
are conservative. Lanza and Vanc estimated that
<ie number of industrial workers exposed to the
sitica dust hazard is in excess of half a million in
those industries in which the proces sing or handling
of siliccous material is of basic importance; this esu-
mate does not take account of the many workers
exrosed as a result of the industrial use of silica as
a idltering agent.

In one other respect the silicosis hazard has not
vot been cevaluated. As already mentioned there s
4 definite relationship between silicosis and tubercu-
iosis. This faCt leads to the probability that in any
community in which there is a large number of sili-
cotics there will be a decided familial tberculosis

a Fortunately, however, this danger 1s some-
what lessened as a result of the long incubation
period which is found with silicosis—by the tume a
vcrkman's lungs have reached the stage at which
wuberculosis is most likely to set in it is more than
n-obable that his children will have grown past tne
aze at which the danger of their contracting the dis-
case 18 greatest.

That silicosis is definitely related to a particular
Lind of occupational risk is demonsuated by the
Jatx from examinations (X-rav) of 2500 workmen
from all dcpar{mcms of a wypical “heavy industry”;
186 had silicosis. but 90.0% of those affected were
{cundry workers. The great importance of the silica
hazard 1s clearly indicated from the following com-
parative morta.ity figures ({rom a 1933 publxcaum
of Hollis and Yule):

1000 for standard population (all causes for

aces 20-63)

itad for sinca group

Y7 for non-silica group

v
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The silica zioup (above) showed only three causces
ot death (diabeses, 'mpcndxcntls, dwcwvc diseases)
which: did net differ <x"mﬁ~amlv from the general
croup. The sienificance of these figures is at once
apparent when it is censidered that an estimated
110.005 \-c'kc" in the United States have silicosis
o, some degree.
D‘.L.o wment of the Direase. The time required
) s10n (‘\'c to siivensis has been tlu sub-
tofa at deal ¢f attention. but as yet no gen-
erallv ace epte d conclusions have been reached. Ap-
" v the period of exposure preceding contrac-
vien of the discase is a function of the dust concen-
iration, naiure of the dust, nature of the work and
individual phvsical idiosyncrasies. From a study of
G300 stone-cutters in the Ruhr it is concluded that
13 vears exposure are required to show slight sib-
: T3 1o cause incapacitation. This
that 635 of the deaths among
w berculosxa complications. In
icosis develops slowly but pro-
ond stage is usually not reached
Among sandstone workers the

-
-,

while fur :ron miners an cxposure of 4 to 5 years
mav be responsitle for the appearance of lung
munees 4 10 8 vears after the ctposurc has ceased.
" contrast 1o the above relatively long incubation
.Cf:()ta are those jound among workers engaged in

:nd-hiasting and in the manufacture of abrasive
Ds:in these occupatxons only 3 or 4 vears may

N

szede th cnset of the d: scase. Likcwisc. an exam-

re af'ectcc in less than one vear
There i 2 vood reason for believing that under
==rticuiarly heavy dust concentrations silicosis takes
-= zcute form and may appear after an exposure of
: ::ij: s few months.” Not soon forgotten will be the
?s Nest Hydro Plant on the New
workers. mostly negroes, were
:.oved for wages of $3.00 for a 13-hour day; in
+ relatively short time after completion of the’ tunnel
work 473 of them were dead and an estimated 1500
sthers incurably il Thxs case was investigated by
a commitlee in th House of Representatives before
~.'.-"m—-1 wme ses testified that, “In the tunnel 10
-5 were in cperation 2t once and you could not
s Ten ‘cct ahcad of you even with the headlight of
‘e donkey engine” Workmen were so thoroughly
covered with a v’ ca dut that “you could not tcll a
white man ‘rom a colored man, 15 feet away”. It
was this € case that 2 senator from West Virginia de-
ccriced 2s “the most horrible industrial disaster in
the history of the world”. It was of this case ‘that
Representative Marcantonio of New York charged
=t 169 worlers hadé been buried unidentificd be-
<¢ the undertaker had “lost” his records. On the
asis of all evidence which has yet been brought for-
-::3.':‘1 it weould secem to the impartial investigator
.t the Hawk's Nest Tunnel should remain a tragic
.--.-:r:.nder te tire enzineer of the need for consider-
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ation »f kuman values in the solution of engineering
problems.

The above case is‘only one of a number of similar
but less sensatinnal cases which have shown that
there is 2 real pe:sibility of contracting an acute
form ~f slicosis if werk < in an atmosphere having
an extremely high ccacentration of siliccous dust.
E.\pcnmcntml} the possibiiity of acute silicosis has
been demanstrated by lzbaratery tests on animals;
for expesures of cight heurs a day to concentrations
of 200 milion particles per cubic {oot or more it has
been shown that the Iast stage of silicosis may be
expected in a relatively short time.

Size of ITazardous Dust. The importance of par-
ticle size in determining the hazard associated with
dusts has received a great deal of attention. Par-
ticles 25 t 30 microns in size will usually settle out
rapidly and are therefore not likely to be breathed
in qmntx'm suficien: to constitute a hazard. How-
ever. particles of this magnitude (such as poilen of
the Giant Razweed orw ood dust in carpenter shops)

may be responsidie for hay fever or for various ty pes
of asthma. In ceneral, pamclca greater than 10 mi-
crons are caught in the trachea. karge bronchi and
mucous r"crrbr:mc. Parxiclcs around 5 microns go
to the respiratory tract. but few of them reach the
alveoli where the I micron particles are most numer-
ous. Polizard made a detailed examination of the
lungs of two siticotic miners and found that 50% of
the particies were less than .4 micron and 75 less
than | micron; his findinzs should be used with care,
however, because it is very probable that the dust
distribution in the iungs is a function of the distribu-
tion of p‘rticlc size in the inhaled dust—thus Poli-
card’s fndings may be app licable only for the con-
ditions vuader whick the men whose lungs he
examined had worked. The smaller particles are
obviously the most dangerous since, on a weight
basts, they offer a much larger surface than do the
larger ones. For this reason dust counts are of more
value in :valuaung the hazard associated with a
dusty environment than are gravimetric dust de-
terminations.

The dust particies that are most effective in the
causation of siiicosis are of a magnitude so small
that they are not perceptible to the human eye. A
micron is 1,/,1009 cf 2 millimeter or about 1/25.000
of an ir‘c'" As has beer shown, the particles most
'mpo":n: in silicosis are in the neignborhood of .5
micren or 130,000 of an inch—rthis represents a di-
mension c the same order of magnitude as the wave
lergth of If‘ut form of radiant energy which we
recoznize as iight. 1i one cubic inch of quartz were
broker irto cubes .5 micron on a side enough par-
ticles wou'd be formed to create a silicosis hazard
in a 230,00 cubic font space.

The determination of mcan dust sizes was the
purpose of a series of comprehensive studies con-
ducted by the UL S, Public Health Service: examina-
tion of 12.000) ourdoor dust partxclus showed the
medinn wze to be 5 micaon—nearly all were less
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than 1.0 micron: in contrast. only 21% of 6.000 1n-
dustrial dust particles were less than 1.0 micron. the
majority being between 1 and 3 microns and the
mean 1.5 microns.

Hatch and Moke investigated foundry dusts :nd
found that composition is z function of particle size:
the proportion of combustibie matter and acid sol-
utle irea, carbonates, etc.. increase with decreasing
size; the proportion of clay and other silicates varies
without a definite trend with size; the quariz Ze-
comes less as the size decreases and {or particles tn-
der 2 microns (which comprises 90G0 of the tetal
number) it is from 1/5 to 1/25 of that found in the
particles greater than 10 microns. These findings
emphasize the necessity of taking dust samples di-
rectly from the contaminated air and not utilizng
“rafter” or any other kind of settlement sample
which does not contain a representative size disiri-
bution.

Ha=ardous Concentration. Permissible concentra-
tons of dust vary with size, composition. and the
Just retention characteristics of the individual. The
larter fzctor is one which offers some hope from the
standpoint of preventive medicine. Practically zll
that is known of the dust retaining characteristics
of the human nosc is attributable to the work oi one
man—G. Lehmann. This cxperimenter has shawn
trat the dust fixation in the nose varics from 2%
16 73¢ and is almost completely indcpendent of
<uch factors as the condition of the nasal secreion,
e rate of air currents, the degree of concertraticn
o chemical composition of the dust, the widiz or
narrowness of the nasal passages; seemingly, fxa-
Cen s a function of the vortex formation ang re-

on.
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Goutd not be allowed to work where a menace oi
siieesie exisis”™,

. a result of 418 experiments with magnesium
cnde znd calcium carbonate. Carlion .. Brown
¢ives the following relationships between dust re-
tent.on and other factors:

Per Cent Retention is inversely proportional o

1. Respuration rate for rates below 20 jer
minwie. An increase above 20 per minuie
i~ apparently foliowed by no changes :n
ser cent retention.

2 \inute-volume of air breathed.
ably resuits from increase in respiration
rate with minute-volume.

Per Cent Retention is unaffected oy
1. Volume per respiration.
V'ital capacity.
. Relative hunudiny.
The <ame mvestivator found that the pecentaze

i ool

IR

60

magnesium oxide retained during norma: breatiueg .

while at rest varied little from about 0% at a co=-
centration of 10 mg. Above 10 mg. the reteatice
changed but little, but as the concentration dropped
below 10 mg. the retention rapidly approsched
100%.

The rclation between dust concentration ard the
incidence of silicosis has been studied by many -
vestigators, but no general empirical relaticathip
has as vet been established. One commonly uied

rule (proposed by Drinker) recommends the aciepe -

tance of 5 million particles per cubic foot as tbe
minimal permissible dust concentration for pore
silica and 50 million particles per cubic joot for dsnty

that are very low in silica. Some evidence suzzory -

that this rule is unduly conservative for dusts whxh
contain little silica and an alternative which is w.icly

used is to limit the total dust count 10 a vailue sud

that the product of the dust concentration by ¢
percentage of silica be less than 5,000.000; th-y e
gives 100,000,000 particles per cubic ioat a¢ tte
minimal concentration for non-siliccous dusts.

Physiological Efiect. The lung conditien k=
as silicosis resuits only from the inhalation =~
bearing dusts. Why silica possesses the aliny ©
bring about this condition has been the cubiea
much investigation and theories of silicoais ure 3t
present responsible for considegable eont: 2
Physiologically—excluding the effect of < mpis
tions—silicosis affccts the normal functicning §33s
bady in the same way that the formatirn «f s1a
affects the cfficiency of a heat transier devire 1z
the heat exchanger the hot and cold fuids zre sega-
rated by an exchange surface and the Jepenit
scsle on this snrface reduces its effectivencss as 3t

S N

Y

Vo

- ..
- z2i.e oelomedosuflioent T

be 1o secure the transier ¢f

exchanser was instaned: simiariy, the unyg 1s a st
face through which oxyzen is transferred from the
air to the blood. The formation of scar ussuc re-
duces the cficctive transfer area and eventually the
lung is unable to accomplish its purpose—death from
suficcation is the result,

.

Asbestosis

\sbestos dust is second only to free silica in the
magnitude of heaith hazard which it represent.
Achestos is a fibrous material of varying compos.-
don. but is usually made up of approximately +5 e
magnesia, 4066 silica and 149 water. Oxide of iron
is frequently present and appears as dark particies
amone the translucent fibers—the fibers are of such
length and fineness that cloth weighing less thar 8
oz. per squarc yard has been made from them.

The lung condition resulting from the inhalatea
of this dust is known as asbestosis and resembles
silicosis in its main clinical aspects, but difiers due
10 the enhanced rate of development. Under average
industrial conditions the length of employment in
{atal cases is only about one-half that which i usual
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for siicesi.~ It is estimated that there are in the
Uaited States approximately 10,000 men exposed to
shis hazard as a result of work in the insulating,
asbestos cloth. and similar industries. As is true of
the siiicosis exposure cstimates, this figure does not
tske into account the number of persons exposed as
a result of employment in the process industries
where asbestes finds use, under various trade names,
=t 2 firer aid. In one respect asbestosis is iess dead-
v than silisnsis—that is. there is seemingly a lower
ssceptibitity 1o the supervention of pulmonary tu-
ulosis, Tre danger of contracting the disease is

opa rum.\ net influenced by either age or sex. Like

‘xcom it s incurable and progressive; a case is re-
rorted of a patient who was exposed to asbestos dust
{er one vear d whose sputum showed the presence
¢f ashestosis bodies fourteen years later.

\'ﬂrv few c:t.: are available on the relation of dust
10 the incidence of the dissase. No
tn'-nfn::n salv concent raticas have yct been set up
ion i3 scant as to the conditions in those
lanis where & 'f:.mrJ is known to exist, It has been

i sowever, that the asbestos dust en-
bricating r..zm\ is free of siiica when
't the breathing level and that the
i35 increases as the quality or length
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Miscellaneous Siliceous Dusts

Many sifeenius dusts orher than quartz and asbes-

“=¢ have been carefully 'n\cwvatcd Talc—a sili-
-1t coniaining /"§r silica—has been shown to be

: “.oit:oa form of pneumoconiosis when in-
Luiled in larse quanutics. 'Jm "roup of investigators

07, of the talc workers whem they ex-
10 ‘*lmut 17/0 had tubercu-

much more dangerous tl"an tale
contaiming 4075 tremciite, but an explanation is

The action of cement on the lungs is not definitely
inown, Ge...“.n investigators say that it produces
~aiv an inert c.c;:cm in the lunzs, but American re-
7orts chow that the {reguency of disability from
reos j‘v"'nr-' disezses in cement plants is adout double
-nas found among cmplovees in non-dusty manu-
‘zziuring plants: absence from werk was 250 twice
gues:. Yt animal experiments shcw that ce-
like, lmestone :.r*:‘ 2 ‘psum ;J"O**""t:c an ad-

: st disappears from the
he productiza of scar

"’H

'ate (1/3%¢ quartz) in concentraticas of 700
milion particies per cubic foot producm a {ibrosis
2nd pneur"O”" u’\ns bu- few cases have been known
10 progress son ‘cusly. On the cther hard, there Is
scn for beieving that clay and slate dusts are
-2sponsible fer a hm'\ incidence of tuberculosis.
ian imves earors have studied the dust hazard
in cotton spint.ag mills and report that the silicosis
tazard s appar "ntl\' necligible. Mineralogic analy-
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sis of such dusts brought to light the interesting fact
that their composition is similar to that of the soil
in which the cotton was grown.

Non-Siliceous Dusts .

Apparenty there is a great difference of opinion
as to whether or not non-siliceous dusts are harmful
cither to morma! or tubercular persons. The data
are so scar: that a review of the literature must con-
sist essentizlly of a catalogue of the few and scat-
tered inwvestgztions that have been made of particu-
lar dusts. General conclusions can not be drawn and
an extensien of available data to dusts of even the
same mineral family is hazardous.

German investizators have studied a number of
different carbon dusts and rate them in the order of
hazard which they represent: lignite, coal. graphite,
charcoal, soot.

A statistical stedy of the health hazard in a large
\mcman company which manufactures 'mxﬁcxal
abrasives 'ed to the conclusion that persons who
have L:-.d sulmenary teberculosis should not be al-
lowed to work where they will be cxpow'i to dust
from abrzsives. The dust in this particular plant
was aluminum caicde combined with silicon carbide
and the irsidence to tuberculosis was 1 1/2 times as
vreat in the dusiy dcpnrtmcm: as in the n'\n—dusw.
In this ccnnection it it interesting to note that othe
investizzters had previously .cnoncd aluminum ox-
ide as not deinz 2 factor in the production of siiicosis
—thus 2 distinction must be drawn between the
fibrosis-forming ability of a particular dust and its
danger thr ou"h increased susccpubxl ty to pulmonary
tuberculosis. This lcads to the conclusion that. the
claim is rawarranted that a dust is not harmiul
merely oc:.u_ se its reaction on lung tissue is inert.

The U. 3. Pablic Health Service has orouped dusts
(siliceous .as we!l as non-siliccous) in three classifi-
cations:

1. Those causing an inert reactien, the amount
of dustin the nemoncal cavity rcmaining approxi-
mately constant: soapstone, carborundum, jewel-
er’s rovge, anthracite coal, bituminous coal and
precipitator ash.

2. Thosc causing a proliferative reaction, nod-
ules continuing to increase 1n size: quartz, chat
and flirw

3. Tinse causing an absorptive reaction. dust
dicappezrs from the pemonml cavity. but scar
Hssue s not farmed: calcite limestone, precipitat-

ed czicium carbonate, gypsum and cement.
¢imiar ist of dusts has been prepared by
Havnes who carried on a long series of animal ex-
periments. Fie arranges them in order of toxicity as
follows: ¢recipita ted silica, flint, slate, hvdroxide,
precipitated chalk, magnesium carbomte, carborun-
dum. calipzr, emery, colloidal coal (in massive

the respiratory disorders discussed above.
together with many others which are caused by the
inhaiz:ins of fibrosis-forming dusts, are grouped un-
der the one ‘broad term Pneumoconiosis.
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