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ness of 7; it is weakly birefringent (with indices of 1.54 and
: 1.55), varies in appearance iron transparency to opagueness,
- and often is color d brilliant!y Ly various eontaminants, as in
' the amethyst. :
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|,! Silica is a natural contaminznt of a vast number of common
minerals and is found in mest rocks,  Among the commonly
'lnc_ﬂlrring forms are ordinary Leach sand, chert, flint, .-:uul.~lmu:,
gritstone, ganister, quartzite, aml jasper,
wi_au-d with the clays, white nuany common rocks like granite
vontain important but varvine snounts of quartz.  In the above
# examples, notably chert and 200, some amorphous silica (opal)
may be present.
The amorphous or commuon o loidal variety of silica, opal,
ally contains about 10 per cent water, has a harduess of
3.380 6.3, and a specific gravity of 1.9 to 2.3.
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. varieties such as tripolfte and
diatomaceous or infusorial earth being used universilly for
polishes and for thermal insulation.

Until recently no serious effort has been made to appraise
the silicotic potency of the various forms of free silica. At
present, attention is focused on quartz and little or nothing is
[ known about the physiological effects of the other forms of free
 <ilica w‘rhich have different physieal, optical, and chemical

p.ropcmcs. A field study by Legze (161) among men handling
1 Jiatomaceous earth in one of the California deposits indicates,
3 however, that amorphous silica will produce silicosis.

! Hardness of Silica and Silicosis. Until about 1915 it was
~ thought that the peculiar phy-iological action of quartz dust was
 dependent mainly on its hardness—that the tiny crystals, which
at autopsy scratehed and dulled the blades of the pathologist’s
{ wnives, must have been harmiul,  Men engaged in grinding steel
on sandstones were harmed, it was elaimed, not only by the sand-
<tone particles but also by bits of sharp hard steel.
These notions were dispelled with finality by Gardner’s experi-
ments (84) with silicon carbide, SiC, and fused aluminum oxide,
5, both of which are much harder than quartz and second
ondy to the diamond. Gardner showed that the physiological
efffet of these two artificial abrasives was pracfically nil as
votapared with quartz, an observation confirmed Yy C!ark (39)
}
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t men exposed for a number of vears to abrasive dusts.  Gardner
‘ 3) ~showed aiso that the diamond, <he hardest substanee known
inert physiologically. '
Solubility and Silicosis. It wa< <hown by Gye and Kettle
), 149), and later widely eonfirmed that colloidal silica is very
e, and will produce typical silicotic pathology. This fact
= paturally seized upon as eiving a happy oxplﬁnutiun of the
2o of silicosis, namely, that the toxie action of the colloidal
e said to be present in the inspired quartz dust caused fbrosis,
at the collvidal sifica of Gy and Kettle is not produced by the
verization or comminution of guartz, chert, flint, sandstone
I the like was ignored. It was srened that, if eolloidal .-ili-':;.
s definitely toxte, then silicosis was caused by that portion of
ttlegl quartz dust which behaved Lo eolloidal siliea. :
toxicity of quartz particles of colloidal size (0.001 to §1 i)
grer been reported.  Gardner and Cummings (85) f§und
h Rartz of 1 to 3 & was much more active than quarfz of
10 12 4, but neither they nor anyone else have reported upon
. ,-tiliﬂ:).-is-pmdncing power of colloidal quartz, probably because
the difficulty of preparing the necessary suspensions.
; ?lx was reported by Myers (190) that impinger samples of
ain dusts gave lower results than sugar-tube samples. The
nger was shipped from the field back to the laboratory so
hat the aqueous dust <uspension was kept more or loss in agita-
n for some days. The sugar tubes, on the other hand, were
hipped dry and the dust was wetted only for the time required
ta dissolve the sugar and filter off the dust.
- In studying these discrepancies Myers took dust samples of
dehi-silica rock, chert, from the Joplin, Mo., district, agitated
fine dust in 130 cc. of water in bottles of ordinary glass, of
-;t. and of platinum.  After periods varying from 1 to 28 d'ays
Hhes dusty suspensions were filtered through a speciall
tawch crucible and the amount of silica n'ndi.ﬂ::;t\"cd i’m:t::}
ined from the increase in weight of the erucible,
| M_t‘ws' figures indicate a solubility of about 27 p.p.m. Com-
"ting upon the results, he states that “the exeessive solubilit ¥
the sifica dust is probably related to its origin. , . . Dust
e !rc_:m erystallized quartz would probably dis Jay much
!lbﬂ!it_\'." It has been alleged repeatedly t Myers’
; il indicate significantly high solubility of fine quartz dust

PHYSICAL FACTORS IN PNEUMOUCONIOSIS 47

in water, whereas he was obviously at some pains to avoid such
implication.

Kettle <tates that Archer (149) ““finds the solubility of amor-
phous silica and ground up quartz in pleural fluid with an initial
pH of 8 to be 14 and 4.5 mg. per 100 ce., respectively, aiter 10
days.” This would correspond to 140 and to 45 p.p.m.  Kettle
states that Archer’s results will be published independently buy
at this writing his data are not available.

Bloomficld, Sayers, and Goldman (23) found 40 p.p.m. of
siliea dissolved in the urine of miners after heavy exposures to
coal dust containing quartz. King and Delan (151) reported
10 to 60 p.p.m. in the urine of gold miners and about 10 p.p.m.
in the hlood of normal men, whether exposed to dust or not.

Titus (232) hias found the solubility of pure rock quartz, ground
to 1 to 15 u (median 6 #), to be 0.5 p.p.m. in distilled water.
His samples were agitated in bottles varnished inside with a
silica-free bakglite and were kept at body temperature for pevfuh
up to three months. The supernataunt liquid was then ulfra-
filtered through cellophane at a pressure of 125 atm. and the silica
content of the filtrate was determined chemically. Blanks were
run on all reagents and on all containers.

Among geologists and chemists quartz is considered an unu~u-
ally inert and insoluble compound. Sosman (221) remarks that
“it is about the last substance on earth that the chemist would
have suspected of being poisonous.” As a result the so-called
“solubility theory” of silicosis is looked upon with justifiable
skepticism. Certainly the experimental evidence in favor of
such a theory is not impressive.

We are well aware that the chemist’s notion of solubility does
not always apply to biological phenomena. Perhaps the trifling
solubility of quartz is the true explanation of the initiation of the
fibrotic nodule in lung tisswe.  But if this is true, then the toxieity
of different forms of free silica should bear some relationship to
the solubilites of these same minerals in water.  No such relation-
ships have been reported.

Silicates. Inasmuch as it has not been explained why quartz
has its peculiar effoet upon tissue, there seems no reason to believe
that some ot*cr chemically inert dust may not act somewhat
analogously. Fortunately nature has narrowed the field down to
comparatively few possibilities, but industrial developments.
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, Mm v&ll pmbabl; mtroduce other dust ha.!arl:h fully as

- real as that from quartz.

~ sbestas. OF the true silicates the mineral mmmhnly ealled
ashestas is the only one that has been ~hown to produee a disabling

prneumoconiosis.  This condition i different from true nodular
silicosis but nonetheless it is a di-tinet entity.  A<bestos is not a

- tene mineral but a general name for any mineral separable into

more or los< floxible fibers. The commonest variety, the mineral
chrysotile, Ho M S0, is mined extensively in Canada and is
wsed i making special fabrichike marerials, brake linings, special
msalation, and the like. It is now believed that 2t any stage of
ity processing sufficient exposure to asbestos dust ecan eause a
‘fmm pulm-m.xr*. disability, asbestosis, with  characteristie
ipronss amd ehiest Xerays (184,
hrysotile ashestos s elosely pelated to tale, I
the two minerals are often found together. T
ity of ashestos seenis to be the cause of the peeuliar phthology
uces.  Chrysotile resembles tale chemically, but the latter
ix not fibrous and does not produce the same luug pathology.
Serigite. By comparing ;mruzraphw.zlly fine dust particles

ASO,)
fibrous

~ insilicotic lungs and in the air breathed by men exposed to these

same dusts, Jones (139) showed that sericite was the outstanding
common constituent.  Sericite is known as a secondary white
mica and has the formula H.KALRIO). It is formed
mainly by the transformation of potash feldspars; it oceurs rarely

. in the pure state but is widely distributed in nature and is an

important constituent of many rock< that give off silicosis-
producing dusts,

Junes cited records, sinee partially refuted, of high silicosis
rates among Welsh and South African miners from dusts in
which sericite was abundant, and comparatively low silicosis
rates among miners in the Kolar gold fields (India) and in
Seottish coal mines where the proportion of sericite was low but
where the proportion of quartz wus high.

It has been elaimed by others that the particles Jones calls
fiber< are actually plares scen oncdge.  Ifone troubles to examine
a monnt of Jones’ sericite, it i< difficult to muln'rsta'nd;\u“ such
a point of view ean prevail; distinet fibers and not phites are seen.

s has not cluimed that silicosis cannot praduced in
absence of sericite: the evidence that it can ocefir uader such

B e N g —— PR

S e Tr———— o
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conditions is, in our opinion, beyond argument. He makes it
clear that fibrous sericite is likely to be the binder in rock that is
silicosis-producing. It is said not to occur in the free state.
It is very hard to obtain quartz=free fibrous sericite, but ~ericite-
free quartz is abundant and was used to produce silicosis in
animals some years before Joues” work was published.

In our opinion Jones' most important eontribution is not the
injection of serieite into the silicosis problem but the elear-ent
proof of glaring errors in mineralogy by many who have performed
animal-dusting experiments in the past.  Elsewhere we comment
on the need of mineralogical analy<es of the dust aetually
breathed rather than of the dust in the parent rock—that i, if we
wizh to know what dust i~ causing trouble.

As yet there has been no proof that animals dusted with
quartz-free fibrous sericite develop typical silieotie nodules like
those shown in Fig. 13 (page 26). Of even greater importaree
is the fuct thag there has been no indication that sericitie tisque
is peculiarly = ptible to tuberculosi<—an outstanding charhe-
teristic of silicotie tissue.

Sericite, like all mica, has an unusually high birefringence which
renders its identification particularly ecasy—vastly easier than
the identification of quartz. For this reason, with which Jones
is perfeetly familiar, his erities allege that he has given undue
importance to sericite.

An argument against Jones' theory was given recently by
Cooke (46}, who found abundant sericite without silicotic nodules
in the lungs of Lancashire miners who had had no important
quartz exposure, But in these same mines drillers who had
worked extensively in quartz-bearing rock showed silicotic
nodules, fine quartz erystals, and scricite.  No data on the com-
position or concentration of the dusts breathed in the two cases
are given [see also (76)].

Silicates as a class can by no means be considered harmless. It
was pointed out by Sayers (213) that miners’ consumption was
rather common in the Broken Hill district of Australia where the
rock contains considerable sillimanite, ALSIO;, fibrous silicate,
and a rather low pereentage of quartz, 12.23 per cent. The
studies by - (12) in this district and earlier in the
sandstone quarries (13) of New South Wales give con<ideral
support to Jones! predent claims that silicates, particularly il

4
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50 INDUSTRIAL DUST : PHYSICAL FACTORS IN PNEUMOCONIOSIS 31 t
varieties, may well be the cause of pulmonary disability.  Bud- ) Collis and Gilehrist (3 and recently Hall and others (102)
ham in 1927 coined the word ahicatosts to cover disability from investigated the hcalﬂ.l ol men “"‘}f a history of proll.mgt‘d funl-
the inhalation of =silicate<.  Reeently MeCord (179) has review] dust exposure from tl:lmmltlg'coal in the holds of ships. Some
the data on the effects of silicates. of the men had exponc:nccd long exposures and apparently dust
Other silieates fike tale (35, H.Mgs(8i02) shale (38, 119): concentrations were often heavy, but, unfortunately, these are
kaolin (38, 148, 1493, H,ALSLO,; feldspar (38) 1 eryolite (98), Nu - not ln"llc:xtcd. lmpurm‘c-s, iy SlllFa, were absent in any but
AIF,; and pure mica (199 give much less specifie pathology than E:lslgnlﬁ(‘f:“:i:;“;‘il:gs- Sowe fibrosis was found, to be sure, but
s quartz. lerate fibrosis may appear aiter exposun: 1t Was not ats »
;l:‘“u:ll:‘::"i m:‘t\tvr:::lls but this 8brosis is uftllully not .li>:xl‘nlin~.:. It was suggested lry_ Haldane (100) th:u. carbon dust be blown
into the air as an antidote for quartz, Since carbon stimulates
i CARBON DUSTS phagocytosis, it was argued that quartz and carbon would be less
As long ago a< 1838 Strazton (226) wrote: { dangerons than quartz alone. In the South African mines
L On examining the bodics of & rly persons we find tie funes abways dustiness is controlled maiuly by wet methods which inerease
a dark color.  Sometimes the color s much deeper in vagous parts of the moi=ture content of the air.  As the mines get deeper, the i
lungs which then are as hlack us charcoal; at other tings the whole . temperature of rock increases and a high percentage of relptive
1 are uniformly of a dark color.  The tiest appearanee & considered 3 humidity mes increasingly serious.  Haldane suggested that
healthy, the second receives the name of melanosis, and the third is what 3 dry methods be used with appropriite exhausts and colldctors
has been ealled the black lung of cnal miners and may more shortly be & and that such dust as escapes be physiologically neutralized or
defined as anthracosis. : diluted by blowing in carbon dust. No serious attempt has been
Cummins and Sladden (531) examined many coal miners' lungs, made to test the validity of these claims.
thologically, histologically, and chemieally and then correlated
mw ﬁ\uﬁ&i,v'rith ca.?omhismrios. Commentinys on Haldane and CALCIUM AND MAGNESIUM CARBONATES
Mavrogordato's opinion on the relative harmlessness of carbon [ D!lsts of these compounds commonly result from the handling
(because it is more casily removed from the lungs than is quartz), ; of limestone and marble, CaCO;; magnesite, MgCO;; and

they state that both coal dust and silica in large amounts may be
present in the lungs of coal miners but that “coal is ealy rcfained
in large amounts when there is a really high silica content, and
there scems no doubt that in general the absorption of silicx
favours a retention of coal dust when this is freely available as
in coal-mining or coal-trimming conditions.” They consuder
that a “considerable degree of anthracosis is consistent with
working health” and that **coal ‘miners especially exposed to
silica dust are liable to develop a silicosis which, complicated by
the effeets of anthracotic dust accumulation, ‘may lead to dis-
ablement and death.” )3

“\We believe that in the absence of the silica factar there would
be, under modesn mining conditions, no serioud degree of anthra-
co<is, that in fact anthracosis is essentiully afspegial variety of
silicosis depending on the simultancous or subfequént accumula-
tion of coal dust in the silica-damaged lung."”’

-

B acd e e gee—— e

e

dolomite, CaCO;. MgCO;. Often the parent rock is eompara-
tively free from quartz.

Workers exposed to these dusts show no unusual incidence of
tuberculosis and even mild fibrosis is infrequent. Thus, marble
cutters present a very different picture from granite cutters,
among whom silicosis is common.

Gardner (86) noted the extraordinary rate at which heavy
inhalations of marble dust were eliminated by his experimental
snimals and believed that the high solubility of marble was the
explanation. According to Seidell (217) the solubility of calcite
dust below 10 g is 756 p.p.m. at 35°C. |

In the southeastern Missouri Jead belt the rock mined is
mostly dolomite and silicosix is virtually unknown.  Titus (232)
found the sglubility of dolomite dust from these mines ta be b
300 p.p.m. i diztillcd water and over 700 p.p.m. in water throfigh
which iogide was bubbled, both figures being measgred
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52 INDUSTRIAL DUST

at 36°C. These solubilities are ten to twenty times higher than
those of quartz and offer o logi 4l explanation of the harmless-
nes< of the caleium and magnesmm carbonates,

The studies by Thomp-ot: ¢ al. (231) in the cement field showed
that a fibrosis could be produced aiter long exposure, but there
was no disability in any W ay comparable to that he and his
assoriates found in the Barce granite region of Vermout (210).

i GYPSUM
This mizeral, € 20,.2H 10, i+ very common and 1= mined and
fmilled in larze @ fties in varions parts of the United States
W en it has been ; od by burning, it ag win takes
i 3% jzht expeet it to be es| qully
it wover, Riddell (203) mande 2
Ihl-\' amwiis Wirxers @ n‘ul.t'lmltd thad the dust
\‘\l:ml was not lmportant. The investigations of Bliller and
F Sayers (186) regarding the « Feot of gypsum dust upon animals

‘ also were negative.
IRON DUSTS

Perhaps the most important ore mined today is hematite,
Fe.0;. In this country and in many others the ore body often
contains various forms of quartz, such as chert and jasper, which
are notably silicesis produ qne. None of the oxides of iron, of
thems=clves, however, have been shown to be dangerous, although
B the lungs of men who have becu exposed to the iron dusts are
eolored characteristically and are called sidcrotic. Such lungs
wore first deseribed by Zenker (250), then by Goadby (89), and
more reeently by Stewart and Faulds (224).

Within the last few years there has been a tendency to suh-
«titute steel shot for sand in the pressurc blasting of castings.
The main argunent for the chamge has been the virtual elimina-
tion of the silicosis i<k in an oecupation which formerly was
considered hazardous, the a=~umption being that dust from steel
shot ix harmless.  The workers, of course, ar¢ supposed to wear
the usual positive pressure air helmets (page 272) whether blasting

with =hot or =and
THE ROCK DUSTING OF COAL ‘1@5

As the result of o most fruitiul cooperatjon Between British
and American inx estigators ~tudying the prgvention of coal-dust

Physi i
ysical and Chemical Factors in Pneumoconiosis
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explos'u)m. several ~tandard pmvmlurm have been establizhed.

one of which is rock dusting. An explosion of hituminous coal

dust is possible in normal air only W ith dust concentrations of the

)

2 o =

Fic. 1S.—Dusting of bituminous coal mines with powdered limestone to aveid
fire and explosion hazard. The finely ground dust is sprayed against the walls
and roof a3 the mine car is pulled alons. The U.8. Bureau of Mines n«:omn}eu-ls
the use of pure limestone, dolomite, and gypsum dusts as being physnol‘:ulb‘
safe, (Courtesy Mine Safety Applianecs Company.)

order of 10 to 100 grams per cubic meter, which is far aboye the
stable rayge (see page 252). The propagation of 4 flame thirough
coal dustf take place, wsually, following 2 <«mall explosiop th
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. INDUSTRIAL DUST

shakes off accumulated dus=t from rafters, causing momentarily
an inflammable roncentration.  If this rafter dust is mixed with
a sufficient quantity of a nondammable dust, like limestone, an
effcetive barrier to Aame propagation results. Of eourse the
ebvious cure for the explo~ion hazard is to prevent dust accumula-
tion or to keep the acenmulated dust moist, but sometimes these
measitres are inapplicable.

Being thoronghly aware of the dungers of breathing dust rich
in free quartz, the two governments, followed by others, wdvoeated
this use of pure limestone, dolomite, and gyp=um for dusting
bituminous mines (202, Al of these substances were studied by
Miller and Rayers (186) with spectal reference to their use in rock
dusting. In Fig 18 i< illisrmeed a modern rock-dusging machine
distributing powidered Jines: e

It might be pointed out th

ta dust exploston in eiter a mine or

1 a factory is about the worst industrial catastrophe thigt can oceur.

ilicosis or any other indu~trial disease is as nothidg to a dust
ﬂmiozl that wipes out an entire plant or mine and most of the
employees in a marter of seconds.  Consequently, if the manage-
ment happens to use, in ignorance, a dust that is physiologically
dangerous, instead of one that is recommended, this error may,
perhaps, be excused,

THE DETERMINATION OF SILICOSIS POTENCY OF DUSTS

In the absence of data on human subjects, an estimate of the
likelihood of a dizabling fibrosis from breathing a particular dust
is determined upon experimental animals,  Of course, the great
difficulty has always been the avoidance of the five to twenty-five
years' exposure <0 ~ften needed to produee disability in humans.
The span of life of small animals is so short that dusting must
be very much heavier than is needed to produce silicosis in
humans. At best, all such animal dnsting experiments are
time consuming and expensive so that more rapid methods
are desirable, )

At the preseut time the appraisal of dust potencics has been
rried out by <0 many different techniques the n}}ults from

erent laborataries often cannot be compared. It is probable
t a technique aceeptuble for such eomparisoud will be devel-
but the present situation is confusing. i

PHYSICAL FACTORS IN PNEUMOCONIONIS 29

Gardner has developed at the Saranac Laboratories a dusting
technique that he has applied with great suceess to the study o
difficrent dusts.  He studies also the effects of a speeial ~trai
of tubercle bacillus befure and after prolonged dusting. Direer
dusting methods have, of course, been used widely by others.

Kettle has introduced liquid suspensions of dusts intratre-
cheally in animals and subcutancously, producing in the latter
case silicotie pathology in part< of the body other than the lungs.
Miller and Sayers (186) injected into the peritoneum of guinea
pigs the dust suspended in physiologieally inert salt solution and
have thus compared calcite, limestone, precipitated caleiun
carbonate, gypsum, Portland cement, quartz, chert, flint, ~oups
stone, carborundum, rouge, anthracite and bituminons eoal. :x:u'
fly ash. The technique is very simple and significant npules wre
obtained in a matter of a few weeks.

Recenfly C. K. Drinker ¢t al. (62) suggested injecting khe dust
suspension directly into the lvmph stream just above a lymph
node. In avery short time indications of the putency of thelust
are observable from a portion of the excised node.  If phazocytie
cells are affected adversely by the dust, then charscteristic
pathology is observed.

PARTICLE SIZE

Practical Limits of Size in the Air. Particle size of industrial
dust is never under control but varies with the method of produe-
tion and with the nature of the original material from which the
dust is generated.

It is impossible commercially to grind any mineral to a degree
of fincness and uniformity comparable to that exhibited by
metallurgical fumes. There are two reasons for this: first,
it takes less force to produce large particles than small; and
second, the fine particles act as cushions around the coarse ones,
damping the impact and thus preventing further shattering.
For this reason in some commercial grinding plants an effurt
is made to wash out the fines as rapidly as they are formed.

Beeause of the difficulties associated with commereial fine
grinding, Kotzé (154) suggested that ordinary industrial p ses
are unable to crush appreciable quantitics of dust to a <ize Joss
than 0.3 Blpomficld (20) agrees and in substantiafion

found, by phrticle-<ize measurements of about fitty ind
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samples  (eolleeted with Owens’ apparatus, page 1003,
that only 20 per cent of the purticle~ were smaller than 1 g, with
o median size of 1.5 & No sigafoant difference in size was
‘whserved among the various industries.  In contrast to these
eesults, dust in the general atmo-phere was found to have a
tian size of 0.3 4, with only 3 percenr lurger than 1.0 2. From
5 data, which agree with the Sndings of others, ineluding
meselves, it is suggested that ode-madadust particles are larger
£ 0.5 g and that the great numsd = of particles less than 0.5 ¢
pved in dust samples are pre-cor in normal aie as owell as
ustrial atmospheres and there? oo have no hyvgiente signifi-

We disugree with these con lisions for several rgasons.

t i tene that Just of subaboes o
tical seale by any preseur  sshing proeess: the fhower
cousumption is too great because of “he enshioning effeety  But
when dust particles are thrown off 1y the blow of a pnetmatic
to0l, they are scattered fminediately and no cushioning or
~oftening of the blow takes place. The effect is like that from
 blasting.
- 2. If countless numbers of submicro<copie particles are present
in the general atmosphere, particleize samples collected in
 faetories as well as general-air ~amples should show their pro-
 portionate numbers of such particles.  Ourinvestigations indieate
| that < 0.5 u particles are not prescnt in vast numbers in normal
air since we have never found more than 12 million particles per
* vubie foot in average city air, with dark-field microscopy.

3. The limit of resolution of the light-field microseope is not
nch less than 0.5 4 under the mo-: favorable conditions and
i seemis to us that this method of measurement should not bhe
ised to determine the presence or zheence of particles smaller
than 0.5 . Particles of earbon and other organic matter in
wermal air are likely to be opague mil are therefore visible in
<maller sizes than is the ease with transparcut and semitrans-
virent  particles of siliccous material; this opaeity | tends to

~gaggerate the difference in size between normal and industrial
{

Tlae

anget be prmh od om

‘ifflustrial processcs, For example. Hateh and P
tifkt 10" particles les< than 0.8 4 are produced
a linary pucuniatic rock drill.

(B17) found
ch minute by

PHYSICAL FACTORS IN PNEUMOCONIONIS a4

Higgins of al. (127) demonstrated the presence of exrc:ssi\'e
numbers of mineral particles in a mine heading some 4 bours
after work had stopped. Hatch and Pool fonnd ten times s
many patticles in impinger samples by dark-field mior-,-mp_\:
as were noted by ordinary light-ficld microscopy and showesd
that these particles were definitely of industrial origin. Tho,
a gencral-air sample taken in a2 granite <hed gave counts ol
229 % 10° anil 18.9 ¥ 10° per cubie fout by durk-field and ligh:-
field illumination, respectively.  Therefore, 210 X 10° were tau
small fo be scen by the standard setup. That they were of
industrizl origin is proved by the fact that the concentration in
the weneral ait just outside the plant was only 20 X 10° by dark-
field microseapy.

Front the above evidonee it is our opinton that the lower linut
of dust particles produced by operations like rock drilling i g ell
below 0.5x though thi< lower limit has not been detersgined.
The upper liwit is, of course, well withiu the visible ranged

The maximum size likely to be fnspived is well within licro-
seopic limits.  Aeccording to lig. 2 (page 6), & 10 u particle

. settles 0.5 em. per sccond and a 20 g particle settles 2 cm. per

second. The practical limit, therefore, cannot be mm.'h above
20 u. This conclusion is supported by the Buarre granite study
(210, piz., ** . . . the difference between total p:u'!i'clo:? and tl_w
particles under 10 g was very slight and was not significant in
the dust found in the granite sheds.” While the number of
particles greater than 10 x may be insignificant, thf.- bulk of
the weight is contributed by such particles. Thus, in several
foundry-dust samples we found 73 per cent of the weight con-
tributed by particles over 10 g, whereas these amounted to only
1 per cent of the total number.

Physiological Limits of Particle Size. The role played by _ﬁne
particles in the production of lung fibrosis was first m\pl.msugd
by McCrae (180) in 1912, Seveuty per cent of the particles in
silicotie lungs were found by him to be less than 1 and ",’"
fargost did not exceed 10.3 w.  Results obt :\im\'l by otlu:r‘.li are in
substantial agreement.  Largely on the basis of this w.ork.
Lato (176) defined phthisis-producing dust as particle<
from 0.5 to d p in diameter.  Others put the
110 & and advanee several physiological 0=
' particles are caught in the respiratory teget

Mavrom
of free »

.
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d by ciliary action; alveoli are not large cnough to admit
m; phagoeytes will not take up particles over 10 « in size.
e first reason is undoubtediy un important one although it is
ot probable thit such action prevents the entrance of all such

icles to the depths of the lunze. Cooke (46) has recently
pointed out, with respeet to the wecond, that an alveolus is at
250 y in diameter and i cherefore large enough to adwit
mcticles wany times greater than 10 4 According to C. K.
ker (60) there is no apparent sason why particles over 10 o

: i the order of 0.25 4 10 0.30 4 w2 g0 <mall to be phago
-~ that they are too small to be retained in the respiratory passagoes,
and finally that they are not gonvrated by the wsual industrial
- processes.  Of these three argunienrs the lust has Just been shown
to be incorrect.

As to the first, there is no phy~wlogical reason why particles
below 0.5 u cannot be phagoevtused. Drinker (65) found
- phagoeytosed dust particles abour the size of industrial dust,
+ but hix microscopic sctup did not admit of accuracy below 0.5 4.
It i« well-known that phagoeytes ingest true eolloids, while some
Jdyes are taken up and coagulated by phagoceytes,

Policurd (195) claims that small particles are usually lost hy
the analyst during digestion of the lung tissue. Cooke (46')
noted the presence of innumerabl: xmall particles, visible ouly by
-ark-field microscopy, and states that “there must be, thm-fur(:,
snormons numbers of ultramicro-copic particles of siliea in
shicotic lungs."”

With respect to the elaim thar ~ubmicroscopic: pagticles are

retained on inbalation, it st be pointed out that the
cution fignre i< purely relative.  We found retentions of 40 to
per cent (see page 66) with 0.6 » particles of Zine oxide and
“u smaller particles of magnesinm oxide. {
lodern theories of silicosis produetion lend no fuppprt to the
of fixed limits to the size of particles that ifitiate Gbrosis,
ernan and Green (124), for example, state that there is no

PHYNIVAL FACTORS 1N PNEUMOUONIUSIES .’J *

possible limit to the fineness of the offending dust. It does not
follow from this, however, that all silica particles, regardless of
size, are equally dangerous. Garduer and Cummings (85)
showed recently that a much severer reaction resulted with «
given weight of 1 to 3 u quartz particles than with an equal
weight of 6 to 12 & particles, the latter being comparatively
inert.  These results are explained in part by the greater solu-
bility rate, although the ultimate amount dissolved is probably
nearly coustant within the size range of inspired dust.  Alo,

4 - +
vamtot be picked up by phagocyt < and transported to the lung the rate at which particles are taken up by phagoeytes and
¢ s, . - ¢ v A
T . o transported in the lymphaties probably inereases with decreasing
physiological reason is reviizod o aceount for the practical size

;:l ;u- of >10 « p;\mc\.p\- fromw. <1 .-.»ln- .imuu since they fire not One-halt micron particles donbtless will not produce the same

[ A P o 2 arivmnl . 3 i

u; lm great num : rs it 'rh‘ : t .‘ atr. total lang damage as equal numbers of 3 ¢ particles, bt the rare |
respeet to adower it = Lo been alleged that plirticles of damage is probably faster with the finer particles. | With

equal cux:;*nr:ztious by weight, on the other hand, a greater
amount offflamage will be produced by the smaller size. | Thus
it may be said that the rate of progress of fibrosis depend® upon

the size of the particles, whereas the total amount of damage is”

determined by the mass concentration of active material.
Neither upper nor lower size limits are known for toxic sub-
stanees like lead or the metal fumes or the allergic dusts.  More
violent reactions are obtained from exposure to finely divided
zine oxide than for flocculated and poorly dispersed material (71).
Hay fever attacks can be produced at any time of the year, and
there is every reason to suppose that broken pieces of pollen
are even more potent than fresh whole pollen grains.  Solubility
and wettability are important factors in determining the reaction
to these materials and phagaeytosis usually plays an important
part as well.  In consideration of these facts, we see no reason to
suppose that physiological size limits exist for these substances.

DIFFERENTIAL DISINTEGRATION AND SELECTIVE SETTLEMENT

Dust cousists of finely comminuted grains or particles com-
posed of the same mineral constituents as the original m:&cri;ﬂ
from which it was produced, 1.e., it contains no new substance.
It docs nat follow, however, that the percentage composi
the air-bgrne dust is the same as that of the parent substancg;
there arefon the contrary, two important factors that
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of the first, the material nuc
more coustituent= tend o
others are released in the
these are thrown out inte
much higher settling veloet
leaving in suspension the firer
. a different composition, to © ..
$ﬂeﬂi\'o settling is also 7

Fic. 19.—A microseopie

Transvaal “Banket.” Clear areas gre
quarez; acicular aggregates are meosrly
seticite.  (After Jones; courtesy J. H 5.,

When this rock is crushed by

INDT STRiAL DUST

change the composition: (1 differential disintegration, and (2)
selective settling of the distirand particles.  Under the action
atter in such a way that one or
“K free as large pactivles while
m of minute particles.  When

the large ones, because of their
# rapidiy removed from the uir,

rricles of the dust, with, perhaps,
~pired by the exposed workers.
=4 by the shape of the particles

and for a given size, fiat or
platy  particles will  remain
fnger  in suspensign than
soundish particles; $his may
catse a further chage in the
percentage compositiu of the
~u=pended dust.

The importance of these
factors was first emphasized by
W, R, Jones (139), who pointed
out, for example, that the
“banket” in the South African

- gold mines is made up of large

erystals of quartz cemented
together with a matrix of
fibrous sericite (Fig. 19).

the action of a rock drill, the

large particles of quartz are sct free without much shatter-
ing and the sericitic cement i released as fine dust. The
large quartz particles settls out of the air rapidly, leaving
the sericite in suspension; thus, arter 3 hr. settling, Jones found

PUYSICAL FACTORS [N PNEUMOCONTOSTS ! .‘l

dust at that time revealed a great increase in its alumina cufstf_-m.
as compared with the quantity in the original ore. In spite of
this carly obzervation, it has been common practice to report.
the free T-'ilic;\. content of the dust in these mines, based on the
analysis of the original banket, as SO per cent or mwre. (.“
contrast to this, Jones has ealeubuted from chemical analy<is

R S

i i i iel icles at
16, 20.—The inerease in the ratio of fibers of sericite 7 quartz pase
diﬂ‘:‘t‘tﬂl periods after blastinz in Wit nff gold mine. ..(l") .lbom_ls
minutes after blasting: () about | hour after blasting: (¢) about 21, haur‘t after
Blasting; (f) about 3 hours after Blasting.  (After Jones: courtesy J. Inst. Mining
Mt)

_ N T

very little quartz in the air: the dust had become almost pure z . 5 ay be : :

ﬁﬁriim (Fi;l. 20) (137). The ~;m:£‘ (-h:m;v' :‘:‘g l,‘wh n;:’. ‘pll“ir of the fine dust itself that its quartz content may be as low as
: . St w | 5 20 per cont. ,

(189) as carly as 1915 when he reported, L L L that many L e a—— e factors Dr. Jones draws
the particles in mine air, particularly after blg-tike; are not To emphasize the significance of those facto 0% dra

artz, but come from the aluminous matrix the banket: .thc fiflogyinganalagy (sm:u‘l‘.‘“‘lnatwml bulll!":f‘:l::‘fl:hm:lﬂd:::
rticles of sericite, ehlorite and rutile or anatas aré compari- is pulled down, the bulk of t w‘ .\ “;-l con“" f:: pthers “ ABeridisie
cely frequent in air after blasting, and when whteriblasts ace boukle 'm"ifm“ g oy ihioa i

ey . of free siliea gan
EL et v sl . - sandstoge containing 75 per cent or more «
us=e, =ecm to mft m-ttu.n: '.fmh. tlu? quartz | 1eles (vlu. amd rise to (st of respirable size which contains less than 23per
uently renain unlaicd.”  Chemicad analy@s of air-borne 3
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i
free siliea and more than 70 per cont of sericite in minute
particles.”  Work at the University of Birmingham (243)
confirms the importance of differential disintegration and selee-
tive settling. Analyses of air-borne dusts produeed by rock
Hlrills <howed almost invariably that the free-silica content is
Cappriciably less than for the couree burings from the same rock.
JHurdbut and Bever (1320 <showed that the seleetive settling of
' i foundry dusts resultid in the rapid coneentrating of
dsericite in the dir-borne dust <o that the dust inspired by the
Iry workers was rich in ~cricite in =pite of its very low con-
Eration . the original foundry sand,
the southenst Mizsouri bewd belr, the lead oceurs as galena
gr. =54, hanlness = 26 in dolomite (sp. gri=25§;
wss = 3.7, Beeaitse galena i~ two and a hali t

10s s
as dolomite, there is 4 deerogse in the lead conffent of
the $ir-borne dust as compared with the content of the§parent
rock. | Thus we found that the lead content of impingér dust
amples from these mines rarely exceeded 0.3 per cent althongh
@ composite rock sample averagid over 4 per cent lead. The
tlegree to which these factors act to alter the composition of
the suspended dust depends upon the structure of the original
- material, for this determines the manner in which jt crushes.
- The degree of nonuniformity in the size of particles produeed isx
greater and the tendency for one constituent to be released in
arger sizes than others is more marked in the case of a coarse
~Mlaky granite or granitic ~chist, for example, than in a fine-grain
mpaect stone.
Foundry dust presents an interesting ease. A good molding
sl i made up of about S0 per cent quartz in the shape of coarse
Lparticles; the bulk of the remaining material i< clay in the form
o fine particles which coat the cvarse quartz grains. The
nical compo~ition of the finer fraction (=ay below 10 4) of
aterial in foundry sand is markedly different from the composi-
tion of the eoarse fraction. This j« clearly shown in 'ltl':la- 10.
Mg notes, for example, that there is over four times 35 much
siliea in the coarse as in the fine fractions, wheneas the elay
b acid-soluble constituents contr:bute nearly fife times as
1 to the smaller sizes as to the coarse grains.  [Thelorganie
pther combustible matter is also concentrated j he fraction
10 .

PHYSICAL FACTOIS 1N PNEUMOCONIOSIES ?

Strictly speaking, relatively little dust is actually produced
by the basic foundry processes, such as prepuring sand, molding,

and shaking out.  These operations merely eause the dispersion

of the fine material alvcady present in the molding sand withour
breaking down the coarse particles to auy extent.! Hence the
air-borne dust in o foundry will contain much more clay, ete,,
of respirable sizes and correspondingly less free silica than the
original molding <and.

Taste 10.—Uouposttioy oF Coanse wvp Five Fraerions oF Ustskn
Forsery Swwvo Coxraxise Navrae Boxp,

Pureentage hy weigh
Conatitinent —

T-"-lixn'.q':-:. >0 <0 u

Combiseiblg, . ... ... ] 2.3 0.7 2.7
HCL solublp. . . - 5.3 1.6 3
H.SIiEs soldble iclay). B .0 12.3 7.5
Residue (quartz)....... N 3 85.0 102
Total.............. D . weo 100.0 100 9

A microscopie study of the original material from which the
dust arises and a knowledze of its geologieal history will he helpful
in estimating the importanee of differential disintegration and
selective settling in determining the change in composition of
the dust from the parent rock. It is elear from the foregoing
that one cannot judge the chemieal and mineralogical composition
of the dust that actually gets into the lungs of the exposed workers
by analyzing only the parent substance, nor is it safe practice
to analyze for this purpose a deposit of settled dust, such as a
“rufter sample,” since the settled material, owing to higher
=ettling rate fur coarse particles, contains a greatly exaggerated
proportion of coarse particles as compared with the number in
the air. It is necessary to separate the dust sample into size
fractions in order to study the change in composition with size,
and the sample itself i< best taken directly from the air at the
breathing zoue (page 133).

tSome of the quartz in vontact with the molten metal in the ngeld
broken dowa by the intense heat amd the frecesilica content of t
fraction is i 1, but this is counteracted by the dilution given by t
powdered thag is added to molling samd in many iron foundrie H

|

|

, |

A |
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