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The New Magma Copper Mill
At Superior Arizona

ECENTLY completed, was designed, built, and put
into operation by the Booth-Thompson Division of

The Galigher Company.
This new addition to the mill was built to treat 250 tons
of copper-lead-zinc ore, but the flow sheet also provides for
the regular treatment of the Magma Copper Ore and when

THE GALIGHER COMPAN>

228 S. W. TEMPLE ST. BOOTH-THOMPSON DIVISION SALT LAKE CITY, U -
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HARDINGE
Serves the World \

MEN in Foreign Countries can’t afford to take chances. That’s -

why they use Hardinge Mills, A Mill that serves the World can do
your job!

A

s

The truss-like construction of the Hardinge Conical Mill means less
i weight and greater strength—a reduction in dead weight load, result-
. ing in less friction loss and savings in power, wnd smaller upkeep
costs, because their cone shape reduces Ball and Liner consumption.
Write for descriptive Bulletin—today.

3
HARDINGE <gMEANY
INCORPORATED
A YORK, PENNSYLVANXA, Main Office and Works

f YORK, 122 E. 42nd St. CHICAGO, 205 W. Wacker Drive
‘FRANCISCO, 501 Howard St. DENVER, 817 17th St.
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IN these past seven years hundreds of mills all
over the Mining world have found that Cyanamid
Service actually does make chemical buying as
simple as an “over the counter” transaction.
These mills have benefited by the economies of
centralized purchases, combination shipments and
bed-rock inventories. They have found that Cyan-
amid Service disregards distance . . . “that the

Rand gets the same service as the Rockies™.

Just as important many mills have profited by

the practical assistance of Cyanamid field engi-

neers and the Cyanamid Ore Dressing Labora-
tory in working out better flow sheets and apply-
ing exactly the right reagents to the ore being
treated. They have found Cyanamid Service

trustworthy and unprejudiced because Cyanamid

offers a complete line of chemicals for

centration.

Whether you are planning a new mill a
property in a remote district or da

thousands of tons of proved ore on a

p
lished lode, you will find that it costs

take full advantage of Cyanamid Serv
it costs far less when you consider all{

tant econoimies.

ORE DRESSING NOTES No. 7
flotation reagents, the most rapidk
phase of flotation. The properties
the newest reageats as well as thoe
familiar chemicals are described. ¥
pleased to send not onl.y a copy fory

as many additional copies as may h

others in your organization.

Y Y YESS\ 15

7 (N . (. wat? U

AMERICAN CYANAMID COMPA

A COMPLETE METALLURGICAL CHEMICAL SERVICE

30 ROCKEFELLER PLAZA

. . . . . NEW YORK, N.’




AMERICAN INSTITUTE OF MINING AND METALLURGICAL ENGINEERS
Technical Publication No. 887

(Crass A, MEraL Mining, No. 88)
DISCUSSION OF THIS PAPER IS INVITED. Discussion in writing (2 copies) ma,
e Secretnry American Institute of Mining and Metallurgical Engineers, 29 West 39th Street, New
ork, N. Y. Unless special arrangement is made, discussion of this paper will close Sept. 1, 1938. Any
cussion offered thereafter should preferably be in the form of a new paper.

be sent to

Shaft Sinking on the Gogebic Iron Range

By W. A. K~nour,* MemBer A.IM.E., axp J. C., SoLnrvant

(New York Meeting, February, 1938)

¢ THE sinking of a new shaft at the Newport mine, Ironwood, Mich.,
started in May 1931 and completed on Aug. 3, 1932. During this

yertically in the center of the cut.

- The reason for not adopting the conventional V-cut was to get away
“g om damaging the shaft steel. The blasting in a V-cut naturally tends
fo throw the broken material upward, but with the cut as adopted
fhe relief was in a horizontal direction to a large extent. The scheme of
jucking employed made it necessary to keep the steel shaft sets within
B0 ft. of the bottom at all times. This could not be done without serious
famage with a V-cut when blasting in granite. The cut as drilled also
oke 10.83 {t. per round of drilling, which was considerably more than
fhe experience with a V-cut in the same material. The extended cut
peduced proportionately the delays for charging, blowing smoke and
Randling drilling equipment in the shaft.

© Another advantage was the ease in drilling vertical over inclined holes,

: d the preservation of the proper spacing of the drill holes at the bottom
¥ the cut.

Druirine

I Air was carried down the shaft in an 8-in. flanged pipe line at a pres-
fire ranging from 95 to 100 Ib. This line was extended to within 100 ft.
I the bottom, where a valve and a 4 by 4 by 6-ft. tee was connected to it. "
o each side of the tee was connected a nipple and elbow, the resulting
gan of the two elbows being about 4 ft. Lengths of short 3-in. hoses

T -

. Manuscript received at the office of the Institute Nov. 26, 1937.
* General Superintendent, Pickands Mather & Co., Ironwood, Mich.
¢ t Mining Engineer, Pickands Mather & Co.
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2 REACTION OF THE LIVING BODY TO MINERAL DUSTS

ing fibrosis or the formation of scar tissue. This reaction is a result
stimulating connective tissue, the supporting framework that holds 4
functional cells of all organs in place. The connective tissue of the Ii
is composed of the same elements as the connective tissue in the lun
although it assumes different forms in the two organs. Since it has
shown conclusively that free silica has the same effect upon connect¥
tissue regardless of the organ in which it happens to be located, it has
assumed that the reaction to other minerals will also be demonstrable
connective tissue in any part of the body. Experience is indicating th
this is true except in regard to the fibrous silicates composing the asbes
group. Thus far these substances have had little effect outside the lus
and have produced fibrosis only in that organ. The capacity of
particulate mineral to provoke fibrosis can probably be determined
equal facility in all organs whose structure permits the accumulation
retention of injected material.

The minerals used for the tests to be discussed have been analy
chemically and petrographically to make certain of their purity.
have been pulverized in mills, elutriated in water to secure partic
microns or less in diameter and again analyzed to check their compa
tion. By weight 1 per cent and 10 per cent suspensions have been p
pared in physiologic salt solution and sterilized at low pressures. Rabh
have been injected by ear vein with 1 gram of particles, administered
20 doses over a period of 2 months. Guinea pigs have received a simy
200-mg. injection directly into the abdominal cavity. At least fe
rabbits and five or more guinea pigs have been used to test each mines
The animals have been killed at intervals during a two-year period
observe the reaction of the tissues and to determine whether changes @
progressive nature have occurred. )

CapacIiTiEs OF MINERALS TO PROVOKE REAcCTION

All of the observations have not yet been completed but the ac
panying tables indicate the scope of the investigation and the maximms
period that each substance has been in contact with the tissues.
minerals tested have been grouped in the following classes:

1. Uncombined silica, of which most forms are active tissue irritam

2. Silicates, which in most instances are either inert or productive
slight chronic inflamumation.

3. Nonsiliceous minerals, which in general act like the silicates.

4, Mixtures of free silica with other minerals, in which the actiom
the silica is retarded and modified in varying degrees.

Signs Used tn Tables

The capacities of these different minerals or combinations of mines
to provoke reaction in the tissues of living animals have been com
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nd the results indicated by numerals and plus signs in the accompanying
ables as follows:
+ indicates the minimum reaction, consists merely of phagocytosis;
.e., the ingestion of the particles by wandering “dust cells.” Inert
ubstances apparently remain inside the bodies of such cells for indefinite
eriod without exerting appreciable effects upon the surrounding tissues.
+ indicates that the mineral may be very slightly irritating. As a
anifestation, microscopic accumulations of lymphocytes (chronic
nflammatory cells) are found in the immediate vicinity of the dust cells.
24 indicates that the fixed connective tissue cells directly adjacent
o the dust cells have been irritated and there is slightly more evidence
f chronic inflammation.
3+ signifies localized nonprogressive fibrosis. The injured connec-
ive tissue cells have begun to multiply as a result of irritation but the
roliferation does not progress far and remains localized in a zone close
0 the irritating particles.
44 is more widespread fibrosis, which is suggestive of silicosis but
which has not attained mature hyaline form.
5+ represents the standard reaction to normal quartz. The functional
ells of the organ are injured and destroyed; the phagocytes, irritated by
e silica they contain, are stimulated to migrate and concentrate the
particles in focal areas. More tissue is injured by the resultant high local
foncentrations, and fibrosis of a peculiar and characteristic type develops.
such fibrosis takes the forms of nodules about the collected masses of
ica; it may also be diffuse when the particles are so numerous that the
bhagocytes fail in their attempt to remove them.
P 6+ and 7+ are necessitated by the very rapid fibrosis caused by
frystobalite and tridymite. With these toxic substances the phagocytes
Bhat constitute the primary line of defense are apparently paralyzed at the
putset. The moribund cells do not even attermpt to remove the irritant
knd as a consequence the particles are not collected in focal areas. They
fenain scattered and injure the tissues wherever they lie, and the fibrosis
fhat rapidly follows is diffuse rather than nodular in type.
84 is used for the very acute inflammation that immediately follows
njections of dispersed colloidal silica and sodium silicate. Often the
‘ ocess is so rapid and extensive that death promptly ensues. In non-
l: tal cases moderate degrees of proliferation or fibrosis may develop later
But rapid elimination of the fluid irritant fails to maintain the reac-

%()n indefinitely.

: Crass I—UNcoMBINED SILICA
¢ The following table lists the different forms of free silica which have
tow been tested and indicates their comparative capacities to provoke

eaction. The responses to all except tridymite and dispersed colloidal
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silica have been followed for at least a year. Tridymite has killed ewv :
animal within a period of 3 months. Colloidal silica in the standard des
used for all these minerals has been followed for only 114 months.

TABLE 1.—Free Silica

Crystalline Forms Cryptocrystalline Forms Amorphous Forms

Normal quartz. ... . ... 54| Chalcedony........... ]5 4| Colloidal silica, dis-
Trdymite............. 74| Tripoli (Seneca, Mo.). .;15+] persed ...........
Crystobalite. .. ....... 6+ Flint.................i5+]| Colloidal silica, gel. ...

Diatomite....... ..

Vitreous silica ... ... 54 | Opal..............

In supplementary experiments it has been demonstrated that the d :
of 1 gram arbitrarily selected for intravenous injection into rabbits:
excessive with pure free silica. As small an amount as 0.05 grams
quartz will produce essentially the same effects, although at a somew}
slower rate.

Other injection tests have shown that the rate of reaction to silies j
inversely proportional to the size of the particles. A splinter of quar§
several millimeters in diameter, which has been embedded in the conn
tive tissue beneath the skin causes no fibrosis within a period of one ye
Intravenous injection of particles 10 to 12 microns in diameter excites
formation of microscopic tubercle-like nodules, which are cellular rat
than fibrous in character and which increase very little in size du
a period of two years. The same weight of particles 1 to 3 microns
diameter is responsible for the progressive fibrosis that has been descrik
as characteristic of quartz. If a gram of particles 1 micron or less
diameter is injected in the same manner, acute degenerative chan
develop in the organs where they lodge and most of the animals are d
within 3 months. Obviously the reaction to silica is related to the ame
of surface in contact with the tissues. N

The behavior of the amorphous silicas requires comment. In
dispersed colloidal form, silica is a very active tissue poison. In &
doses it causes acute degenerative changes (8 +), which are followed b
limited degree of proliferation simulating the early stages of the res
to quartz. When such colloidal silica has gelled, it loses all capacity
affect the tissue. One year after injection the only visible reaction is
presence of phagocytes filled with the particles. Opal, a natural a
phous silica, is moderately irritating and sets up cellular changes, w
temporarily progress like those induced by quartz. Later, however
~ reaction subsides, leaving a limited amount of scar tissue. On the oi
! hand, celite, an amorphous silica composed of siliceous diatome sheiiig
provokes a progressive fibrosis indistinguishable from the reactig
to quartz.



Crass IT—SiLicaTES

The artificial silicate of sodium, not listed in Table 2, has an effect
very much like that of dispersed colloidal silica (84). When injected
in the standard doses its effect is uniformly fatal. Minute repeated doses
‘totaling 13 mg. when injected directly into the lungs of guinea pigs failed
: to produce fibrosis after a period of 4 months.

The other silicates, with the exception of the mieca, biotite, have
¢ generally proved to be as inert as silica gel. Most of them have provoked
only the initial reaction of phagocytosis (+) or have produced very slight
“degrees of chronic inflammation (+4) in the immediate vicinity of the
ust-filled cells. Talec and muscovite have caused a little more extensive
inflammation (2+4), but with the former this change has shown no tend-
“ency to progress in 2 years. The response to both muscovite and biotite
f}has been under observation for only 6 monthg, but in this period biotite
- has excited definite proliferative changes (3-+), which now look as if they
E would progress. The ultimate effect cannot yet be anticipated. It is of
interest to note that the two sericites are almost inert. One of them was
Lselected by Professor Larsen, of Harvard, as a fibrous type comparable
to the form that Jones believed was an important cause of silicosis.

¢  Table 2 lists the various minerals now under investigation and indi-
Boates their comparative irritating powers for the maximum period of
Lobservation. The “deaths” noted in the rabbits injected by vein are of
echanical origin and are of no significance to the subject under discus-
U1on A larger unit dose of the same minerals has had no effect when
;; jected into the abdominal cavity of guinea pigs.

.. The experience with the finely ground asbestos minerals, anthophyl-
te, amosite, amphibole, crocidolite and chrysotile, has been most instruc-
five. In the liver and other organs none of them has caused even a
ggestion of the fibrosis that characterizes the picture of pulmonary
sbestosis. Furthermore, there has been no formation of asbestosis
®odies, those peculiar structures always found in human and experi-
imental asbestosis of the lungs and due to a deposit of iron and albuminous
mmaterial on the surface of the fiber. The absence of reaction in extra-
hulmonary tissues to fibers ground as finely as these (3 microns) consti-
&utes part of a chain of evidence which may ultimately demonstrate that

ghe fibrosis in pulmonary asbestosis is due to mechanical irritation by
ong, flexible, mineral fibers. In the lung, which moves actively in

espiration, such foreign bodies would be more apt to injure the tissues

mechanically than they would when embedded in a relatively immobile

ﬁrgan like the liver. If the irritation from asbestos were chemical in

eature one would expect that it would affect connective tissues in any part

o the body and that fibrosis would develop most rapidly upon injection of

gery fine particles, which present such a large surface to the tissue.

LEROY U. GARDNER 5
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The carbide of siheon 1wy artficial ecompound widely weed as ab
abrasiy e, has produced practicadly bo resction The masses of particles
lic mert in the tissue for vears without provoking more than a strictly
localized, nonprogressive chronie inflammation of slight degree.  Animals
nhaling high concentravions of this dust for 244 years have shown no
more reaction 111 the lungs than has been discovered in other organs
after lnjection

The nacndd oo, Geta by subcutanecus njection, has exated
neither inflammation nor fbrosis.

Colorimetric tests for the amount of soluble silica liberated in the
heat-sterilized, saline suspensions of different forms of free and combined
sihica are now being made. A« far asthis part of the work has progressed,
it has been impossible to extablish any correlation between the degree of
solubility e vitre and the capacity to pm\'oko reaction in the Iiving body.
If anvthing, the least active forms of =ilica secem to be the most soluble.

% The inery siliea gel yields 126 6 parts of soluble silica per million while the
very active quartz gives o figure of 6 6. The solubilities of the silicates

vary widely, ax might be expected; halloysite showed a solubility of
15 p.p.m, while amphibole gave 43.7 and glauconite 52.3 p.p.m. It is
emphasized that these figures represent solubilities in unbuffered isotonic
sodinm chloride solution.  When similar tests have been made at the pH
of the body In serum or other fluld, undoubtedly there will he differ-
ant results, but 1t hardly <cems probable that the esisting ratios will
be reversed.

Crass IIT- -NoxsiLicrovs MINERALS

Table 3 ~hows that, except for the toxic sulphides and dolomite, the
aonsliceous minerals like the silicates have very little effect upon the
issiies. Dolomite 1= reachly soluble and its high alkalinity undoubtedly
wrespoisible for the effec{s produced in the concentrations injected. By
s nhulation, o few particles could cuter the lungs at one time that the
: seid-hase equilibrium of the bhody would not be disturbed

Certann generulizations are permussible even at this incomplete stage

4 the ~tudy Free sihea w obviously capable of producing a rapid and
1 :

B4 . . . .
€ orogressive fibrons reaction. which no other mineral can even approsi-

mate. TML‘ >ih(‘til(‘>( s clas~ nre nod 11‘]‘1’1“;1\]]3@ yq}pzfnn(’(\ (\Y(’Pl:‘rw.
SpeCies Possess 1 tating proporties whose nature has not yet been defined.,
Nonsthecous particles are wactive, exeept the minerals that are definitely
e sol-onous  Thesc observatars ure not now s they amply conflim what
zas long hoen rocogimyed

The vonerndiv accepted Lobicy shat e vvaperiies af Pardoees o
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S REACTION OF THRE LIVING BODY TO MINERAL DUSTS %

of investigators, does not satisfactorily explain ull the ob=ervations thoo
have been presented in this paper. .

Our demonstration of a marked variation in reaction to different forrs
of amorphous silica suggests that if solubility plays any part in .the pl.'oce:s 3
it is not the only one. The form in which the soluble nmten{xl.oxxsts K
probably much more important as indicated by the loss of activity ass.-
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¢iated with gel formation in colloidal silica.  Here again more observariia
is necessary before any conclusions can be reached.
Crass IV-—MIXTURES

The last gren of minerals to he dicenssed includes natural and ey
ficial mixtures of free silica and other substances. In many reSpE T8
these arc the most important, for mixtures rather than pure silica _:'rf,
encounterced in most industrial atmospheres,  Only part of the behasms
8 14 o .'Wl\

of the mixed dusts can properly be discussed i thix section dealing
iected material M owill he shown that for fhe perwod of obscrvation s

ynounts of <ten have iad e

- r e Iyaa g ot b
preseiee ol sl alnd somctmes Gl aarg
! 1

[ ron durimg v e

ot P Vi

e Wiy oo SOOI - 1‘\(\4\;H
iTer trons That o the ensthieaous companents of the o

y Vo P e e *_4‘\]1‘\‘\“”1\\' T el
f !

Tey

a

LEROY U GARDNER 9

able 4 indicates the quantities of free sibica administered in associa-
mon with othier minerals that have failed to produce fibrosis in various
¢ periods of observation. The injection of 3.3 grams of granite dust that
was proved to contain 1 gram of quartz did not cause as much reaction
in & year’s time as the quartz alone provoked during the period required
for its administration. One gram of the particular sample of South

: “African mine dust employed contained 0.7 gram of quartz, and yet after

16 monthe ~f contact with the Dody the rospouse lind tob atluined w

- mature stage. The reaction was not nearly as extensive nor as advanced

TABLE 4. —Mdztures of Silica and Other Substances

} Effect on
b - Other Tests
Rabbits } Guinea Pigs
I I
o . - o
Mineral and Silica Content ! !
Maxi- i Maxi- Maxi- |
mu mum mum | s
Period ! lf{lsbue Period Flrl‘ism’ Period | Lssue Type of
Ob. | Reac- Ob- leac- Reac- Test
served, | “oB served, | YO | gerved, | BOn
Months Months Months
Hematite (6 per cent 10,), . .. 12 o= 12 -+ 42 4 8s + Inhaled
Anthracite (10 13 per cent Si109) .. 12 + | 12 ! -+ 21 o] - SubQ
b Crude fluorite (10 39 per cent S102) ....| 12 34+ 11 24 11 +b  Inhaled
544 +
Gramte (35 per cent $107) . 12 24 12 3+ 30 246 | Inhaled
standurd dose (03 gram S109) ! 15 3+ !
3z standaid dose (1 0 gram »10,) . 112 2+
i
\
Ferruginous chert (50 per cent &10,) Lo22 3+ 225 4 -+ Inhaled
3tandard dose (0.5 gram 310;) 12 44+ 12 3+ 269
2z standard dose (1 gram 810,) ‘ 19 54 12 34
S0 African mine dust (70 per cent $102) , 16 L4+ 12 3+
|

¢42 months 1 the dusting room -+8 months 111 a normal atmosphere, and, similarly,
221% months 1n the dusting 1oom 26 months 1n a normal atmosphete

51In one o1 two animals nodular fibrosis (4 +) developed 1n the lymph nodes d: aining the lungs but
sulmonary fibiosis was lacking

28 that provoked by 0.5 gram of pure guartz in 111y months. At the

opposite end ot the series Is hematite, a gram of which contained only
8 mg. of {free silica  Since this quantity is only about one-tenth the

amount of pure quartz ncecessary to cause fibrosis, it is not anticipated
: that silicotic reaction will ever develop.

Lhe observations to date make 1t seem probable that if a mixture

contains much more than the minimal effective dose of {rec sillca, fibrosis
may ultimately develop but at a very slow rate.  The time required
and the character of such fibrosis will probably vary with the properties

A the adulterantdust Some of these substances seem to he more potent
Ban atiers o lmnpm;w,]'\' nrhbitme the action of silrea 1o w\:mlpl{%,

zote that anthyserte conlwrth 10 13 her cont of Ghiea cnvsed anly o phage
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The s neeharmsms undoubtedly operate o the Tuugs o modin:

the netion or bces mbeded \\Ml vther dusts. In addition, <tlceous an.

ather kindsof narnelestend 1o woolntihate mfh e O R

phere. Theresultant aggregates are <o heavy that thev rall 1o the groun . \
or =0 Jarge that they caunot be inhaled. This effect retards the acenmula- %
tion of dustn the Jungs The might-hand columns of Table + indicat- &
Fow very =light has heen the response to prolonged mhalation of differen:
noxtures. The atmospherie concentrztions m these experinouis hav-
heen bigh, alwave moexcess o1 00 mullion partieles per cubine Soot of & ©
(hebt-field counts, and 1 many wstances 10 excess of 800 milhon I
aunnal has there heen Ltpl)l‘t‘(‘i‘i} le rewetion i the nugs, and el less ’
~uggestion of nodule foratio With crude fluorite and eranite, cars &

~stheotie nodules developed n 1}1(\ Ivmph nodes draining the Inngs; wir

pure quartz, ou the contrary, an exposure of 12 to 18 months to a con-
centration of only 100 mnllion particles per cubie {foot Las produced gew- :
eralized nodulation throughout the lung~  The varving degrees of tissu-
reacuon arve paralleled by the amount of ~lica detected by chemiczs. &
analvees of the lunes  Arter 22 months nxhzx!wtima ot chert, for examnls
the Tung tissue revealed 10 25 per cont of asli, of which 3.1 per cont wa-
siliea Adter 197, months i one-third the concentration of pure quar:
the lung selded 1227 per cent of ash with a <hica content of 39.6 1<
cent  Thus ot s coneluded that the substances other than sihiea 1 px- .
dusts play an mmportant part i modinane 1~ infiuence on the ’tmdy,
thut the hazard rom =uch dusts 15 not only proportional to the quants:
of free <ilica bhut = mversely modified by the other COMPONENtS,
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woopudoton, and that the miection s~ often extroaacly
¢l ronie, cousing svmptoms only m the Jatter yewrs of Breo vperimental
methods lave duplicated th(*w fndings 1 animals and nomred e
petone e e cian e a1 sotne vadue o understanding the mecha-
ni=in~ invelved,

Time will not pernit a detailod discussr0m of this pliase of the subject
Here at wuffices to state that ()f the ditferent mmnerals tested only free
Clica has g very marked influence upon susceptibality 1o tuberculosis,
Wl calcium compounds Ilmro 1~ 2 tendeney 1o deposiuon in the aroas of
tubereulous degeneration and an accelevated healing of the infection.
Rone of the noustliceous dusts cause <light local extensions ol the infee-
tion, which quickly heal to form ~mall sears. The slieates as o class
have not vet been proved to be any more potent than nonsihieeous min-
erals  On the other haud, free <ilica, in the body at least, ~<cems to have o
spectfic stimulatng effect upon the growth of tubercle baeillh  These
organisms grow with unusual rapidity i tissues being killed Dy high loecal
concentrations of silica: in old siheotic scars they are able to remain alive
for long periods of tune hut cease to multiply actively

In human beings vwith quiescent encap=ulated 1oc1 of tuberculosis,
phagocytes may in thne tran-port enocugh silica particles into the foal

where the bacilly are locahzed to cause them to multiply and spiread. The
disease that reanlts 1~ the extremely chronie combination of mlicosis and
tuberculo~is known as “‘~ilicotuberculo~=" The ~ame condition appar-
ently can aiso be produced by vew mrection from without, in silicotie
subjects with marked inanumty to tuberceulosiz,  Whether the mecha-
nisims governing such immunmty ave altered by silicosds has not heen
discovered  In <ilicotic ammals ad inomen with no immunity 1o tuber-
culosis, a firstsnfection with the tnberele haallus after theseaction to dust
inomature produces an unusually acute reaction “pevinodular tuber
culo=i="Y, wineh terminates rapidly Fortunately sueh cases are rare
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12 REACTION OF THE LIVING BODY TO MINERAL DUSTS

Being organs connected with the outer atmosphere, the lungs would soon
become clogged with foreign material if they were not protected. They
have a system of filters to prevent dust and baeteria from enfering and
another system for eliminating such particles as pass the first line of
defense. The filtering apparatus is found in the tortuous passages of the
nose, throat and wind pipe, which are lined with a sticky, mucous mem-
brane, covered with vibratory hairs whose motion, like that caused by
wind upon a field of grain, wafts foreign particles toward points from
which they can be expectorated. The eliminating mechanism consists of
the wandering phagocytes, or dust cells, mentioned in other organs and a
system of fine drainage vessels, the lymphatics. The latter are found in
the pulmonary framework, chiefly in the walls of the blood vessels,
bronchi and some of the partitions dividing groups of air spaces. The
dust cells move freely over the inner surfaces of the terminal air spaces
and ingest any particles that may be present. They carry the foreign
material to the lymphatic vessels, by which both cells and their contents
are transported to lymph nodes. The latter act as sedimenting reser-
voirs; they are located both in the framework of the lung itself and in the
connective tissue about its root. By these means the delicate membranes
forming the walls of the air spaces are kept clean and in condition to
permit a free interchange of gas to and from the blood capillaries that
they contain.
The mechanisms are adequate for ordinary atmospheres. It is only
when man thoughtlessly pollutes the air he breathes with excessive quan-
tities of fine dust that his protective apparatus fails him. When this 4
happens the dust cells begin to accumulate in the delicate connective
tissues about the lymphatic vessels and are no longer eliminated. If the
exposure continues, they form larger collections in these locations and
then gather on the walls of the air spaces themselves.
The fibrous minerals of the asbestos group present an unusual problem
to the protective mechanisms. They are too long to be transported by
mobile dust cells, consequently they are rarely found in the lymph nodes
inside or outside of the lungs. Most of them remain in or upon the walls.
of the terminal bronchial tubes, where they irritate (perhaps by mechan-’
ical means) and cause a fibrosis, which gradually extends toward the
periphery of the lungs.
The injection experiments already cited indicate the effect that differ-
ent forms of mineral particles may be expected to produce upon connee-
tive tissues. If any of the particulate dusts should accumulate in the’
lungs in appreciable quantities, it will have the same effect in this orga
and its associated lymph nodes. The active forms of free silica that are’
inhalable should produce progressive fibrosis. Asbestos will cause;
fibrosis, though in another form. Other mineral dusts with a few possible:
exceptions will have little effect.
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NONSPECIFIC PNEUMOCONIOSES

The nounsiliceous materials and most of the silicates as they accumulate
in the lymph nodes and in the connective framework of the lungs cause
pigmentation, with or without microscopic accumulation of inflammatory
‘cells in the immediate vicinity of the dust. The walls of the air spaces
themselves are involved only after very unusual exposures. The gross
effect upon a lung thus involved is to produce linear and focal deposits
of pigmentation throughout the organ. The largest ones occur in the
alls of the branching treelike blood vessels and in the lymph nodes.
‘Smaller ones are found in the partitions between groups of air spaces. All
these deposits are soft and impalpable because there is no associated
fibrous reaction. The shadows of such changes ou an X-ray film appear
rgely as a thickening of the treelike branches of the blood vessels. The
ymph nodules inside the lung are too small to cast an appreciable shadow;
‘he larger ones at the root are not dense enough to offer any contrast with
Bhe shadows of other structures immediately about and over them.
¢ In X-ray pictures, linear exaggeration is characteristic of the reaction
o all the nonspecific types of dust. It may also be produced by some
ghronic infections and by hardening of the pulmonary arteries. From
ere examination of a film one cannot determine the cause. This is not
o unfortunate as might be inferred because such alterations do not inter-

Bre with the function of respiration and do not give rise to clin-
gal symptoms.

S1LicosIs

r  With free silica the initial reactions are essentially the same as those
jith other dusts. But the irritating particles kill the phagocytes when
fpo many of them are ingested and in smaller numbers they stimulate
pcreased migratory activity. Wherever the cells concentrate enough
flica particles in contact with connective tissue, the latter undergoes
fharacteristic proliferation terminating in nodule formation. Since the
nphatic system collects and concentrates the particles in the lymph
es, the first evidence of silicosis occurs in these organs. When only a
le silica has been inhaled the only changes that appear may be found
, the nodes. The development of fibrosis in the sedimenting areas
literates the channels and the efficiency of the drainage system is
apaired. Subsequently inhaled silica now accumulates in and about
lymphatic vessels inside the lungs. A mixed linear and nodular type

i fibrosis ensues. The shadow on the film at this stage cannot always be

Efferentiated from that produced by other forms of dust. Generally,

fowever, minute nodules develop simultaneously in the walls of the air

Baces. Only when the nodules in the latter position become large enough
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to cast definite shadows is one justified in making a diagnosis of silico
when supported by a history of exposure. When enough silica has bee
inhaled and large numbers of ‘“discrete fibrous nodules are uniform
distributed throughout all portions of both lungs,” the disease is mature

Silicosis will then progress regardless of further exposure. But th
progression is self-limited. The nodules will attain a maximum diamete
of 4 to 6 mm., and then they cease to grow. They never progress un
the whole lung is replaced by scar tissue. In this stage of ‘‘discref
nodulation” there are still large amounts of uninvolved lung tissue cap
able of carrying on the function of respiration. As a consequence, symp
toms are not necessarily produced. The subject may be somewhat shor
of breath on sudden and unusual exertion. At his customary work he %
generally unaware of any limitation. He has nonclinical silicosis. ‘

This is the classical picture of silicosis that has developed in an othes
wise normal lung. If portions of the pulmonary tissue have been da
aged by previous infection or by other causes, the silica is deposited lo
in excessive quantities. The irritating particles act upon the previo
injured cells and accentuate the existing inflammatory reaction. A m
sive area of diffuse fibrosis ultimately develops in this location, while &
other parts of the lungs the customary discrete nodules are formed.
the massive fibrosis reaches the pleura, this structure participates in
reaction and chronic fibrous adhesions develop, which fix the lung to
chest wall so that it cannot move with respiration. To compensate
the obliterated air spaces, those in other parts of the lung dilate, produ
the condition known as emphysema. The man with areas of massi
fibrosis and associated chronic pleurisy and emphysema, is short of breatl
This symptom may be so severe that he experiences it even while at res
He is almost always disabled and often totally so.

SiLicosis WITH INFECTION

One of the puzzling features of these cases of massive fibrosis is th
origin. In the particular case, has the scar tissue developed upon
basis of an infection that has healed and is free of living bacteria or
the organisms that caused it still alive? This leads us to the subjee
tuberculosis, the most common type of infection to complicate silice
Tuberculosis may arise from latent infections, which were establi
before the subject had become silicotic, or it may result from new ind
tions, acquired subsequently. Tuberculosis complicating silicosis is
to be unusually chronic, the area of disease is often detectable in an X
film for years before it gives rise to the ordinary symptoms and be
tubercle bacilli appear in the sputum. For these reasons it is hard
differentiate from conglomerate silicosis developing in lungs damaged
a healed infection. The physical examination and the clinical behax
of the subject may give a clue but in many cases symptoms are absent
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b only repeated X-ray films taken year after year to determine the rate
¢ and extent of progression can establish the nature of the underlying cause.
* When the conglomerate disease is due to an infection that is still active, it
. manifests itself ultimately by the symptoms of intoxication, fever, loss of
weight, malaise, ete.; but by this time the localized area of fibrosis has
. broken down and perhaps formed a cavity; and tubercle bacilli have
. appeared in the sputum. Anyone can now recognize the condition as
& tuberculous. From this time on the patient becomes rapidly worse and is
generally dead within a few years. There are other forms of tuberculosis
in the silicotic, a very rare, acute form and a somewhat more common
b one, which from the outset behaves like tuberculosis in the general popula-
;“ tion. These offer few diagnostic problems because they cause charac-
b teristic symptoms.

Simple silicosis can and is being prevented. In its discrete form, as
f it develops in normal lungs, it causes so little disability that the existing
& cases are not a great problem. Inits conglomerate form, on a background
I of previous injury it causes dyspnoea and is disabling. The cases that
Fhave already developed must be pensioned as they become disabled;

B:the system of preemployment examination and the measures for
# reducing atmospheric dust concentrations will probably prevent more

 from occurring.

I The great problem remaining before us today is the prevention of new

E tuberculosis in men who already have silicosis and the treatment of the

f silicotuberculosis that has developed but is now in latent stages.

= The way has already been charted for the prevention of new infection.

£ Treatment demands new methods, for those now used so satisfactorily

 for ordinary tuberculosis are not yielding encouraging results. This is

E the challenging problem that must be solved.




