
PHYSICAL AND CHEMICAL 

CHAPTER 111 

FACTORS IN I’NEUM()C()NI()MS 
SILICA 

Silieosi tdefinite medieal o ntity, conecealed undoer varions 
names, Jong bofore Koeh's ientification of the tuberele baecillus 
or Roentgon's covery of the Xeray., Apricola’s observation of the bigh mortality of the hard-rock miners i the Carpathian 
distriet i< familiar to all. But Strangely enongh it was po until 
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ness of 7; it is weakly birefringent (with indices of 1.54 and 
1.53), varies in appearance ron. transparency to opaqgueness, 

~ and often is colorcd brilliuntly Ly various eontaminants, as in 
the amethyst. It is probably the most widely oecurring mineral 

rocks, Among the commonly 
i sand, chert, flint, sandstone, 

sper. Sandstone is always 
uy common rocks like granite 

ounts of quartz. In the above 
. ~otie amorphous silica (opal) 

. occurring forms are ordinary b 
I | gritstone, ganister, quartzite, o 
‘i associated with the clays, whic 

4 vontain important but varyi: 
d examples, notabiy chert and 00 

may be present, 
",'Iu- amorphous or commuon « lobdal variety of silica, opal, 

ly contains about 10 per cent water, has a hardness of 
3.5%0 6.3, and a specific gravity of 1.9 to 2.3, 

oceurs very widely, th 
lll nature minon 

varicties such as tripolfte and 

diatomaceous or infusorial ecartii being used universflly for 
polishes and for thermal insulation. 

Until recently no serivus effort has been made to appraise 
~ the silicotic potency of the various forms of free silica. At 
4 present, attention is focused on quartz and little or nothing is 
~ known about the physiological ¢fficcts of the other forms of free 
~ silica which have different physical, optical, and chemical 

propertics. A field study by Legge (161) among men handling 
~Jiatomaceous earth in one of the California deposits indicates, 
j 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 erystals, which 
at autopsy seratched and dulled the blades of the pathologist's 

© kuives, must have been harmful. Men engaged in grinding steel 
~ on sandstones were harmed, it was claimed, 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- 

sments (84) with silicon carbide, SiC, and fused aluminum oxide, 
.0);, both of which are much harder than quartz and second 

ondy to the diamond. Garduner showed that the physiological 
offfet of these two artificial abrasives was pracfically nil as 
vompared with quartz, an observation confirmed Yy C!urk (39) 
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RIAL DUST 
'men expo<ed for a number of years to abrasive dusts. Gardner 
) showed aiso that the diamond, *he hardest substance known 

inert physiologieally. ’ 
Solubility and Silicosis. [t wa< -hown by Gye and Kettle 

g 149), and later widely eonfirmed that colloidal silica is very 
de, and will produce typical silicotic pathology. This fact 

= paturally seized upon as giving a happy explanation of the 
se of silicosis, namely, that the toxie action of the colloidal 
i said 1o be present in the inspired quartz dust caused fibrosis. 
at t.lw «"olluhlal siflica of Gyoand Kettle is not produced by the 
venization or comminution of guurtz, chert, flint, sandstone, 
l:; like was ignored. [t wa ool that, if colloidal silica 

e nitely toxie, then silicos: aised by that portion of 
quartz dust which beha o eollowdal siliea. 

toxicity of quartz particles of colloidal size (0.001 to @1 ) 
er been reported. Gardner and Cummings (85) f§und 

artz of 1 to 3 x was much mwre active than quarfz of to .l? #, but neither they nor anyone else have reported ut:m 
P qlmiv.-i.-t-pmdncing power of colloidal quartz, probably because 
the difficulty of preparing the NeCessAry suspensions. 
It was reported by Myers (190) that impinger samples of 
Pt dusts gave lower results than sugar-tube samples. The 

nger was shipped from the field back to the laboratory so 
hat the aqueous dust suspension was kept more or less in agita- 
T for some days. The sugar tubes, on the other hand, were 
hippec dry and the dust was wetted only for the time required 

ta dissolve the sugar and filter off the dust. 
- In st.w!ying these discrepancies Myers took dust samples of 
zh-silica rock, chert, from the Joplin, Mo., district, agitated 

fine dust in 130 cc. of water in bottles of ordinary glass, of ;:. and of platinum. After periods varying from 1 to 28 d:'tys 
e dusty suspensions were filtered through a speciall Lawich crucible and the amount of silica gu'ndi.-xs::'cd {rm::f 
inied from the inerease in weight of the crucible. 

M):rn' figures indicate a solubility of about 27 p.p.m. Com- 
! lq&g‘u.pon the results, he states that “the exeessive solubility 

the silica dust is probably related to its origin. . . . Dust 
e fr?m erystallized quartz wonld probably dis day much 

!slulity." It has been alleged repeatedly t Myers’ 
nltg indicate significantly high solubility of fine q dust 
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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 cc., respectively, after 10 
days.” This would correspond to 140 and to 45 p.p.m. Kettle 
states that Archer’s results will be published independently but 
at this writing his data are not available. 

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

Titus (232) has found the solubility of pure rock quartz, ground 
to 1 to 15 u (median 6 u), 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 pelfm 
up to three Months. The supernatant liquid was then ulgra- 
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 unusu- 
ally inert and insoluble compound. Sosman (221) remarks that 
“it is about the last substance on carth that the chemist would 
have suspected of being puisonous.” 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 effeet upon tissue, there seems= no reason to believe 
that some other 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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TAL DOS o 

he future will probably introduce other dust hazards fully as 
- real as that from quartz. ) 

Asbestos. Of the true silicates the mineral commonly ealled 
ashestos is the only one that has been ~hown to produce a disabling 
pueumoconiosis. This condition i~ different from true nodular 
silicosis but nonetheless it is a distinet entity. A<bestos is not a 

- trwe mineral but a general rume for any mineral separable into 
more or loss flexible fibers. The commonest variety, the mineral 
chrysotile, H My S0, is mined extensively in Canada and is 

used inomaking spo fubriclike marerials, brake linings, special 
insulation, and the It i< now believed that 2t any stage of 
its processing suffivient exposure to asbestos dust ean eause a 
u‘finih' pulmonary disability. asbostosis, with charaeteristic 

iptonss amd ehiest X-rays (184, 
hirysotile ashestos s closely related to tale, HaMg.(8i04), 

LN 

the two minerals are often found together. Th fibrous 
ity of ashestos seemis to be the cause of the peeuliar thology 

it uces. Chrysotile resembles tale chemieally, but he latter 
i= not fibrous and does not produce the same lung pathology. 

Serigite. By comparing petrographically fine dust particles 
~ insilicotic lungs and in the air breathed by men exposed to these 

same dusts, Jones (139) <howed that sericite was the outstanding 
common constituent. Sericite is known as a secondary white 
mica and has the formula H.KALSIO),. 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 rocks that give off silicosis- 
producing dusts, 

Junes cited records, since 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 was high. 

It has been claimed by others that the particles Jones calls 
fibers are actually plates scenonedge. If one troubles to examine a monnt of Jones" sericite, it is difficult to umlvrsttnd‘w\\ such 
a point of view can prevail; distinet fibers and not plates are secn. 

' has not cluimed that silicosis cannot bel praduced in 
absence of sericite; the evidenee that it can ocefir under such 

PHYSICAL FACTORS IN PNEUMOCONIOSIS 49; 

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. Tt is said not to occur in the free state. 
It is very hard to obtain quartz-free fibrous sericite, but ericite- 
frec quartz is abundant and was used to produce silicosis in 
animals some years before Jones” work was published. 

In our opinion Jones' most important contribution is not the 
injection of sericite into the silicosis problem but the clear-cut 
proof of glaring errors in mineralogy by many who have performed 
animal-dusting experiments in the pust. Elsewhere we comment 
on the need of mineralogical analy<es of the dust actually 
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 silicotie nodales like 
those shown in Fig. 13 (page 26). Of even greater importagjee 
is the fact lhmcm has been no indication that sericitie tisque 
is peculiarly sitsceptible to tuberculosi<—an outstanding charhe- 
teristic of silicotic tissue. 

Sericite, like all mica, has an unusually high birefringence which 
renders its identification particularly casy—vastly easier than 
the identification of quartz. For this reason, with which Jones 
is perfeetly familiar, his eritics 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 silicotie 
nodules, fine quartz crystals, and scricite. No data on the com- 
position or concentration of the dusts breathed in the two cases 
are given [see al<o (76)]. 

Silicates as a class ean 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 percentage of quartz, 12.23 per cent. The 
studies by (12) in this district and earlier in the 
sandstone qua 3) of New South Wales give consideral 
support to Jones) predent claims that silicates, particularly fiby 

) 
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50 INDUSTRIAL DUST 

varieties, may well be the canse of pulmonary disability. Bad- 
ham in 1927 coined the word olicatusis to cover disability from 
the inhalation of ~ilicates, Recently McCord (179) has reviewed 
the data on the effeets of silicates. 

Other silieates like tale (35, H.Mga(104) 4 shale (38, 119): 
kaolin (38, 148, 149}, H,ALSLO,: feldspar (38) ;s eryolite (98, Nt 
AlF,; and pure mica (199 ¢ uch less specific pathology than 
does quartz. A moderate fibrosis may appear after exposun: 

"to numerous materials but this Ghrosis is usually not disabling. 
CARBON DUSTS 

As long ago 2= 1838 Strazton (226) wrote: 

L On examining the bodies of el iy per<ons we find tie funes abwvays 
a dark color. Sometimes the eolor s much deeper in vagous parts of 

lungs which then are as hlacs us charcoal: at other tiugs the whole 
are uniformly of a dark color. The first appearaace & considered 

healthy, the seeond receives the nume of melanosiz, and the third is what 
has been called the black lung of enal miners and may more shortly be 
defined as anthracosis, 

Cummins and Sladden (31) examined many coal miners' lungs, 
pathologically, histologically, and chemically and then correlated 
these studies with case histories, Commenting on Haldane and 
Mavrogordato’s opinion on the relative harmlessness of carbon 
(beeause it is more easily removed from the lungs than is quartz), 
they state that both coal dust and silica in large amounts may be 
present in the lungs of coal miners but that “coal is oaly retained 
in large amounts when there is @ really high silica content, and 
there seems no doubt that in general the absorption of silica 
favours a retention of coal dust when this is freely available as 
in coal-mining or coal-trimming conditions.” They consider 
that a “cousiderable degree of anthracosis is counsistent with 
working health” and that *coal ‘miners especially exposed to 

~ siliea dust are liable to develop a silicosis which, complicated by 
the effects of anthracotic dust accumulation, may lead to dis- 
ablement and death.” - 

“\We believe that in the absence of the silica factor there would 
be, under modesn mining conditions, no serioud degree of anthra- 
cosix, that in fact anthracosis is essentially ial variety of 
silicosi< depending on the simultancous or subfequént accumula- 
tion of coal dust in the silica-damaged lung.”, 
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PHYSICAL FACTORS IN PNEUMOCONIOSIS ‘1 ‘ 
Coilis and Gilchrist (43) and recently Hall and others (102) 

investigated the health of men with a history of prolonged coal- 
dust exposure from trimming coal in the holds of ships. Some 
of the men had expericneced long exposures and apparently dust 
concentrations were often heavy, but, unfortunately, these are 
not indicated. Impurities, i.e., silica, were absent in any but 
insignificant amounts. Sowe fibrosis was found, to be sure, but 
it was not disabling. 

It was suggested by Haldane (100) that carbon dust be blown 
into the air as an antidote for quartz. Since carbon stimulates 
phagoeytosis, it was argued that quartz and carbon would be less 
dangerous than quartz alone. In the South African mines 
dustiness is controlled maiuly by wet methods which increase 
the moisture content of the air. As the mines get deeper, the 
temperature of rock increases and a high pereentage of relptive 
humidity mes increasingly serious. Haldane suggested that 
dry methods be used with appropriate exhausts and colléetors 
and that such dust as escapes be physiologically neutralized or 
diluted by blowing in carbon dust. No serious attempt has been 
made to test the validity of these claims. 

CALCIUM AND MAGNESIUM CARBONATES 

Dusts of these compounds commonly result from the handling 
of limestone and marble, CaCO;; magnesite, MgCOy; and 
dolomite, CaCO;.MgCO;. Often the parent rock is compara- 
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 i common. 

Gardner (86) noted the extraordinary rate at which heavy 
inhalations of marble dust were eliminated by his experimental 
animals 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 silicosis is virtually unknown. Titus (232) 
found the sélubility of dolomite dust from these mines tq be ¢ 
300 p.p.m. iff distillcd water and over 700 p.p.nm. in water throigh 
which diggide was bubbled, both figures being m 

———-—W 
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52 INDUSTRIAL DUST 

at 36°C. These solubilities are ten to twenty time= higher than 
logical explanation of the harmless- 

those of quartz andd offer 2 
ness of the caleium and 

The studies by Thomp-ot: 
that a fibrosis could be pr 
was no disability in any ay ¢ 
associates found in the Barre granite 

GYPSUM 

<inm carbonates. 
1. 1231) in the cement field <howed 
(] after long exposure, but there 

parable to that he and his 
region of Vermout (210). 

L, (s very common and 1= mined and 
it of the United States 

filled in larze @ fes in varnou 
(A hen it has been § red by burning, it again takes 

it expect it to be espe 

ver, Riddell (208) ma L 
concluded tha the dust 
-ostigations of Bliller and 

ot of gypsum dust upon animals 
wly among £ 

\‘u:ml was not 
Sayers (186) resa 
also were negative. 

ding the ¢ 

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 produd None of the oxides of iron, of 
themsclves, however, have been shown to be dangerous, although 
the lungs of men who have been exposed to the jron dusts are 
colored characteristically and are called sidcrolic. Such lungs 
wore first deseribed by Zenker (260), then by Goadby (89), and 
more recently by Srewart and Faulds (224). 

Within the last few years there has been a tendeney to sub- 
titute steel shot for <and in the pressure blasting of castings. 
The main argument for the change has been the virtual elimina- 
tion of the silicosis ri<k in an occupation which formerly was 
considered hazardous, the s=~umption being that tust from steel 
shot is harmless. The workers, of course, ar¢ supposed to wear 
the usual positive pressure air helmets (page 272) whether blasting 
with shot or =and 

THE ROCK DUSTING OF COAL KIGS 
As the result of a most fruitful cooperation Between Britizh 

and American inv estigators ~tudying the prgvention of coal-dust 
-
~

 PHYSICAL FACTORS IN P.\'EL’JIOCO.\'!”:IS 
explosions, several standard procedures have been established, 
one of which is rock dusting. An explosion of ! ituminous coal 
dust is possible in normal air only with dust concentrations of the 

Fic. 18.—Dusting of bituminous coal mines with powdered limestone to av ond 
fire and explosion hazard. The finely ground dust is sprayed against the walls 
and roof as the mine car is pulled along. The U.8. Bureau of Mines recommends 
the use of pure limestone, dolowite, and gypsum dusts as being phy stologic ally 
safe. (Courtesy Mine Safety Appliances Company.) 

order of 10 to 100 grams per cubic meter, which is far aboye the 
stable rangge (Tc page 252). The propagation of a flame through 
coal Jdu~tjtakd place, wsually, following a <mall explosi tl 

{ 
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. dusting., In Fig 18140 
| distributing powidered fimes: 

INDUSTRIAL DUST 

shakes off accumulated dust from raiters, causing momentarily 
an inflammable concentration. If this raiter dust is mixed with 
a sufficient qu.ntity of 2 nonfammable dust, like limestone, an 
effcctive barrier to flame propagation results. Of course the 
obvious cure for the explosion hazard is to prevent dust accumula- 
tion or to keep the aceumulated dust moist, but sometimes these 
measures are inapplicable. 

Being thoroughly aware of the dungers of breathing dust rich 
in free quartz, the two governments, followed by others, advorcated 
the use of pure limestone, Jdolomite, and gypsum for dusting 
bituminous mines (202, these substanees were ~studied by 
Miller and Sayers (186 il reference to their use in ek 

{4 modern rm-k-«hu’ing machine 

ot 

It might be pointed out that a dust explosion in citer a mine or 
a faetory is about the worst strial eatastrophie thit can oceur. 
m’ jcusis or any other indu-~trial disease is as nothidg to a dust 

ion that wipes out an entire plant or mine and most of the 
employees in a matter of ~econds. Consequently, if the manage- 
ment happens to use, in ignurance, 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 fibro~is 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 o ~ften needed to produce disability in humans. 
The span of lite 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 dusting experiments are 
time consuming and expensive so that more rapid methods 
are desirable. : 

At the preseut time the appraisal of dust potencies has been rried out by o many different techniques the n;ults from 
crent laborataries often cannot be compared. 11t is probable 

at a technique acceptable for such comparisoud will be devel- 
but the present situation is confusing. 

PHYSICAL FACTORS IN PNEUMOCONIONIS 33 

Gardner has developed at the Saranac Laboratories a dusting 
technique that he has applied with great success to the study of 
diffcrent dusts. He studies also the effects of a speeial ~train 
of tuberele 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 subcutaneously, producing in the latzer 
case silicotie pathology in parts of the body other than the lungs. 
Miller and Sayers (186) injected into the peritoneum of guinea 
pigs the dust suspended in physiologically nert salt solution and 
have thus compared caleite, limestone, precipitated calcium 
carbonate, gypsum, Portland cement, quartz, chert, fline, ~ouap- 
stone, carborundum, rouge, anthracite and bituminons coal, a:xq 
fly ash. The technique is very simple and significant ropules wre 
obtained in a matter of a few weeks. 

Recen‘y C. K. Drinker ¢t al. (62) suggested injecting khe dust 
suspension directly into the lymph stream just above a lymph 
node. Inavery short time indications of the puteney of thealust 
are observable from a portion of the excised node. If phazocytie 
cells are aficeted adversely by the dust, then characteristic 
pathology is ob=erved. 

PARTICLE SIZE 

Practical Limits of Size in the Air. Particle size of industrial 
dust is never under control but varies with the method of produc- 
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 fineness 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 effort 
is made to wash out the fines as rapidly as they are formed. 

Because of the difficulties associated with commercial 
grinding, Kotz¢ (154) suggested that ordinary industrial p 
are unable to crugh appreciable quantities of dust to a <ize 
than 0.5 Blhomficld (20) agrees and in substanti 
found, by icle-size measurements of about ity ind 
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INDUSTRIAL DUST ! 

samples (collected with Owens’ apparatus, page 100), 
at m'nly 20 per cent of the particles were smaller than 1 g, with 

¢ meddian size of 1.3 g No signifoant differenee in size was 
hserved among the various indusines. In contrast to these 

, dust in the general atmo-phere was found to have a 
edian size of 0.5 g, with only 3 per lurger than 1.0 . From 

(ll(u., which agree with the tiz< of others, including 
¢ n’i\-m, it is suggested that iod ~dust partieles are larger 

h ”_!).5 aoand that the great nund s of particles less than 0.3 o 
gved in dust samples are prescor in normal aie as well as 

ustrial atmospheres and there? oo have no hygienie signifi- 
We disagree with the e for ~everal r&»:unx 

t i< tene that Just of <u canot be produged on 
ical seale by any preseur o 

cousumption is too great becawse of thee enshioning effeetf But 
when dust particles are thrown o by the blow of a pnetiunatic 
tol, they are scattered imiediately and no cushioning or 
~oftening of the blow takes place. The effect is like that from 

~ blasting. 

a
 

hing proeess: the fpower 

in the general atmosphere, particle-size samples collected in 
~ factories as well as general-air ~amples <hould show their pro- 

. portionate numbers of such particles. Our investigations indicate 
that < 0.5 u particles are not pre-cit 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 microscope is not 
nuteh less than 0.3 x4 under the no-z favorable conditions and 
1 seems to us that this method of nieasurement should not be 
used to determine the presence or shence of particles smaller 
than 0.5 u. Particles of earbon and other organic matter in 
normal air are likely to be opaque znd are therefore visible in 
smaller sizes than is the ease with transparcut and semitrans- 
vhrent particles of siliccous material; this opaeity tends to 
~gaggerate the difference in size between normal and findustrial 

ts, 

. Vast numbers of particles below 0.5 g aref gengrated by 
(fflustrial processes, For example, Hateh and Pdot (817) found 
tifht 10" particles less than 0.8 4 are produced ¢gheh minute by 
al linary pneumatic roek drill. 

PHYSICAL FACTORS IN PNEUMOCONIOSNIS T, 

Higgins ¢ al. (127) demonstrated the presence of excessive 
numbers of mineral particles in a mine heading some 4 tiours 
after work had stopped. Hatch and Pool found ten times us 
many patticles in impinger samples by dark-field microscopy 
as were noted by ordinary light-ficld microscopy and showesd 
that these particles were definitely of industrial origin, Thns, 
a gencral-air sample taken in 2 granite <hed gave counts ol 
299 % 10° and 18.9 ¥ 10° per cubie fout by durk-field and lighe- 
field illumination, respectively. Therefore, 210 X 10% were too 
small to be seen by the standard setup. That they were of 
industrial origin is proved by the fact thut the concentration in 
the seneral air just outside the plast was only 20 X 10° by dark- 
field microseopy. 

From the above evidence it is our opinion that the lower linat 
of dust pargicles produced by operations like tock drilling ig well 
below 0.5 i though this lower limit has not been determgined. 
The upper limit is, of course, well within the visible range 

The maxinum size likely to be inspired is well within ficro- 
seopic limits. According to Fig. 2 (page ©), a 10 4 particle 

. settles 0.5 em. per second and a 20 x particle settles 2 em. per 
second. The practical limit, therefore, cannot be much above 
20 w. This conclusion is supported by the Barre granite study 
(210), #iz., ** . . . the difference between total particles and the 
particles under 10 g was very slight and was not significant in 
the dust found in the granite sheds.” While the numtber of 
particles greater than 10 x may be insignificant, the bulk of 
the weight is contributed by such particles. Thus, in several 
foundry-dust =amples 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 emphasized 
by McCrae (180) in 1912, Seventy per cent of the particles in 
silicotic lungs were found by him to be less than 1 g and the 
largest did not exeeed 103 g Results obtained by others are in 
substantial agreement. Largely on the basis of this work. 
Mavrogordate (176) defined phthisis-producing dust as particle< 
of free s from 0.3 to 3 u in diameter. Others put the 

10 and advance several physiological n= for 
particles are caught in the respiratory teget 
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d by ciliary action; alveoli are not large enough to admit 
; phagoeytes will not take up particles over 10 4 in size. 

e first reason is nndoubtediy s important one although it is 
probable that sich action precents the entrance of all such 
icles to the depths of the lurz.. Cooke (46) has recently 

inted out, with respect to the -acond, that an alveolus is ut 
ast 250 u in diameter and is cherefore large enough to admit 

particles wany times greater than 10 4. According to C. K. 
inker (60) there is no appas- ~on why particles over 10 « 
wot be picked up by phagoest < and transported to the lung 

physiological reason is reviizod to account for the practical 
e of >0 « particles fron. <lorie lungs sinee thes 
| in great numbers in the 2-comad air. i 

b respeet to o lower limit, & s been alleged that 
order of 0.25 & to 0.50 « 

that they are too small to be ret 
and finally that they are not « 
processes. Of these three argun: 

~to be incorreet. 
As to the first, there is no phy-wlogical reason why particles 

below 0.5 u cannot be phagoeytosed. Drinker (63) found 
~ phagoeytosed dust particles abour the size of industrial dust, 

but his microscopic =ctup did not admit of accuracy below 0.5 u. 
Lt is well-known that phagocytes ingest true colloids, while some 
syes are taken up and coagulated by phagoeytes, 

Palicurd (198) claim= that small particles are usually lost hy 
the analyst during digestion of the lung tissue. Cooke (46.) 
noted the presence of innumeralile small particles, visible only by 
sbark-field microscopy, and states that *“there must be, thvn'fur('-, 
suwormons numbers of ultramicroscopic particles of silica in 
sthicotic lungs.” 

With respeet to the elaim thar ~ubmicroscopic pagticles are 
retained on inbadation, it st be pointed out that the 

ention fignre i< purely relative. We found nvtmfimr of 40 to 
per cent (see page 66) with 0.6 » particles of Zine oxide and 
staller particles of magnesinm oxide. ! 
lodern theories of silicosis produetion lend no ippprt to the 
of fixed limits to the size of particles that iitiate Gbrosis. 

ernan and Green (124), for example, state that there is no 

<l in the respiratory passages, 
rated by the wsual industrial 

euts the last has just been shown 
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PHYSICAL FACTORS IN PNEUMOCONIUSES 

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 (33) 
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. Also, 
the rate at which particles are tuken up by phagoeytes and 
transported in the lymphaties probably increases with decreasing 
size. 

One-half micron particles doubtles: will not produce the same 

T ' 

total lung damage as equal numbers of 3 4 particles, but the rare 
of damage = probably faster with the finer particles. | With 
equal ('unxutr:uions 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 toxie sub- 
stances 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 suppuse 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 phagoaeytosis 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*eri;l 
from which it was produced, f.e., it contains no new substauce. 
[t does 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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change the composition: (1 differential disintegration, and (2) 
selective settling of the disterwd particles. Under the action 
of the first, the waterial mar snatter in such a way that one or 
more coustituents tend to FroUx free as large pacticles while 
others are released in the- n of minute particles. When 
these are thrown out into the sir, the large ones, because of their 
much higher settling veloei =~ rapidly removed from the uir, 
leaving in suspension the frer sarticles of the dust, with, perhaps, 

- a different composition, o spired by the exposed workers. 
retive settling is also 7 - * the shape of the particles 

aud for a given size, fiat or 
platy particles will remain 
longer i suspensign than 
rovndish particles; $his may 
cause 2 further chale in the 
pereentage compositi§n 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 £ A “banket” in the South African 

=t ; i o 20l mines is made up of large rnwi.Mfl?? ;: erystals of quartz cemented 
Sehete; cieulsr aggreguces ate mosly. together with 2 matrix of .'fem' LRSS S . Mes s fibrous sericite (Fig. 19). 
When this rock is crushed by the action of a rock drill, the 
large particles of quartz ar- set free without much shatter- 
ing and the sericitic coment is released as fine dust. The 
large quartz particles settl out of the air rapidly, leaving 
the sericite in suspension; thus, aiter 3 hr. settling, Jones found 
very little quartz in the air: the dust had become almost pure 
sericite (Fig. 20) (137). The <ame change was noted by Moir 

59) as carly as 1915 when he reported, “ . | . that many 
the particles in mine air, particulurly after blasting, are not 
artz, but come from the aluminous matrix the banket: 

icles of serieite, ehlorite and rutile or anatasd a compara- 
rely frequent in air after blasting, and when whter]blasts are 
use, seen to resist wetting suore than quartz pleticlhs do, and 

eutly remain unlaid.” Chemical analy@< of air-borue 

PUYSICAL FACTORS [N PNEUMOCONIOSTS ! ’l 

dust at that time revealed a great increase in its alumina m?xtem. 
as compared with the quantity in the original ore.. In ~pite of 
this carly observation, it has been common practice to report. 
the free silica content of the dust in these mines, based on the 
analy<is of the original banket, as SO per cent or more. ‘n 
contrast to this, Jones has ealeuluted from chemical analy-is 

—
—

—
 

S i iei icles at 20.—The increase in the ratio of fbers of sericite 17 quartz part di:::::nl periods after blasting in Witwatersrand gold mine. "(|¢l About 13 
minutes after blasting: () about 1 hour after blasting: (¢) about 21, hours aiter 
blasting; (f) about 3 hours after Blasting. (After Jones; courtesy J. Inst. Mining 
M) 

of the fine dust itself that its quartz content may be as low as 
20 per cent. : . 

To emphasize the significance of those factors Dr. Jones draws 
the following analogy (80): ** When a wall built of quartz boulders 
is pulled down, the bulk of the dust comes not from tl 
boulderd but from the wortar.” He says fnnlwrf .“.-\ tic 
sandstofe containing 75 per cent or more of free silica e 

r dnt rise to (st of respirable size which contains less than 

R ——y— 

Physical and Chemical Factors in Pneumoconiosis
ACL Doc 25370 · Page 11 of 12

Published by AsbestosClaims.Law

asbestosclaims.law/library/25370/11

https://asbestosclaims.law/library/25370/11


INDUSTERIAL DUST 
) 

i free silica and more than 70 per cent of sericite in minute particles.” Work at the University of Birmingham (243) confirms the importance of Jdifferential disintegration and selec- tive settling. Analyses of air-borne dusts produced by rock drills showed almost invariably that the free-silica content is appreciably le<s than for the couree borings from the same rock. bat and Beyer (132) showed that the seleetive settling of in foundry dusts resultd in the rapid concentrating of @serjcite in the air-borne dust <o that the dust inspired by the ey workers was rich in ~oricine in spite of its very low con- bration .o the original foundry ~and. 
the southenst Missouri lewd belr, the lead oceurs as galena 
gr. =74, handness = 26 iy dolomite (sp. gri=28§; 
wss = 370, Beeaitse gulena i two and a half tRes s 
Foas dolomite, there is 4 decrogse in the lead conflent of 

-borne dust as compared with the content of thegparent Thus we found that the lead content of impingér dust samples from these mines rarely exceeded 0.3 per cent although @ composite rock sample averaged over 4 per cent lead. The degree to which these factors act to alter the composition of he suspended dust depends upon the structure of the original material, for this determines the manner in which it crushes. - The degree of nonvniformity in the <ize of particles produeed is me and the tendency for one constituent to be released in arger sizes than others is more marked in the eaxe of a coarse (flaky granite or granitic ~chist, for example, than in a fine-grain 
mpact stone. 

Foundry ddust presents an interesting ease. A good molding sandis made up of about S0 per cent quartz in the shape of coarse particles; the bulk of the remaining material is clay in the form o fine particles which coat the coarse quartz grains. The 
hemical composition of the finer fraction (xay below 10 ») of aterial in foundry sand is markedly different from the composi- tion of the coarse fraction. Thix i< elearly shown in ’fisblo- 10. g notes, for example, that there is over four times as much 

siliea in the coarse as in the fine fractions, whemras the elay acid-soluble constituents contr hute nearly fife times as 
i to the smaller sizes as to the coarse grains. IThelorganie 
pther combustible matter is also voncentrated infthe Fraction 

10 4. 

PHYSICAL FACTORS 1IN PNEUMOCONJOS]S 

Strietly speaking, relatively little dust is actually produced 
by the basic foundry processes, such as preparing sand, molding, 
and shaking out. These operations merely eause the dispersion 
of the fine material alvcady present in the molding sand without 
breaking down the coarse particles to auy extent.! Henee the 
air-borne dust in a formdry will contain much more clay, ote,, 
of respirable sizes and correspondingly less free silica than the 
original molding <and. 
Taste 10.—Cosposttiny oF Coanst wp FINE FRACTIONS oF Uxtskn 

Forsony Sisn Coxrazive Narvrat Boxo 

Pereentage by weight 
Constitient . 

Totalsuuple >0 4 <a 

Combistiblge . . ... .. .. 2.3 0.7 12.7 , HCL .whm{ Sty . §.4 1.6 5 
H.SiE, solible telay)y. ... = 1.0 12.7 7.5 
Residue (quartz), . ..... . H3 5.0 19.2 

¢ ¢ RSO S weao 100.0 0 0 

A microscopie study of the original material from which the 
dust arises and a knowledge of its geological history will be 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 
“rafter sample,” since the settled material, owing to higher 
scttling rate for coarse particles, contains a greatly exaggerated 
proportion of course 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 m‘tl‘ size, 
and the sample itself i< best taken directly from the air ? the 
breathing zoue (page 153). 

tSome of the quartz in contsct with the molten metal in the 1d broken dowg by the intense heat and the frecesilica content of tl 
fraction is i il but this is counteracted by the dilution given by t 
powdered that is added o molding sand in many iron foun.Irie " 

Physical and Chemical Factors in Pneumoconiosis
ACL Doc 25370 · Page 12 of 12

Published by AsbestosClaims.Law

asbestosclaims.law/library/25370/12

https://asbestosclaims.law/library/25370/12



