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Silicosis

A New Approach to Pneumoconiosis

Research ot Marquette University indicates a direct relationship
between formation of fibrosis and electrical properties of dusts

RESEARCH now being carried on at
the Marqguette University School
of Medicine in Milwaukee, Wis., is giv-
ing new insight into the basic mech-
anism of pneumoconiosis, the strange,
tuberculosis-like disease affecting
workers who breathe air laden with
certain types of mineral dusts. Results
of vital interest to the rock products
industry may develop from this work.

The disease has been known for
years, but for a long time it was be-
Yieved to be due only to dusts of
minerals eontaining silicon, and was
called “silicosis.” In recent years the
list of mineral dusts known to be ca-
pable of causing the disease has grown
to include such minerals as wulfenite
and berlinite, which do not contain
silicon, so that the more general name
“pneumoconiosis” has been adopted.
Pneumoconiosis is characterized by
the growth of fibrous tissue in the
Jungs, and dusts which cause it are
said to be “fibrogenic.”” Depending on
its extent, the growth may impair the
functioning of the lungs to a suf-
ficient extent to cause death directly,
or it may have a weakening effect
which paves the way for tuberculosis,
pneumonia, or other respiratory dis-
eases.

There have been several theories
about what makes dusts fibrogenic. An
early belief was that the sharp edges
of dust particles irritated the lung tis-
sues, but this has been discarded by
most investigators because it has been
impossible for them to show any defin-
ite relationship between the sharpness
of particle edges and the ability of
the particles to cause a fibrotic reac-
tion in the lungs. Silicon carbide, for
example, has been tested, and is not
fibrogenig¢.

New Theories

The theory accepted by many in-
vestigators today holds that fibrogenic
dusts dissolve slowly in the lung tis-
sue fluids, forming a toxic solution.
This theory was lent strength in the
days when only silicosis was known,
by the fact that injections of colloidal
silica into the bloodstream of labora-
tory animals was usually fatal. How-
ever, the slow solubility theory now
known aboui pneumoconiosis, and cer-
tain experiments which have been per-
formed to test the theory directly seem
to give 1esults which indicate that it is
definitely not tiue, Delicate analyses of
the blood of animals which have died
of pneumoconiosis, for Instance, do
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not show in the blood any more than
normal amounts of the chemical ele-
ments of the dusts which caused the
disease in the animals.

Searching for a common denom-
inator of all dusts which are fibro-
genic, Drs. Silas Evans, Walter Zeit,
and their associates at Marguette
have found evidence that there is a
direct relationship between the abil-
ity of a dust to cause a fibrotic reac-
tion in tissue and certain electrical
characteristics of the dust erystals.
Specifically, it seems that only dusts
which exhibit the piezoelectric effect
are fibrogenic.

Piexoelectric Effect

The piezoeleetric effect may be de-
scribed as the ability of certain crys-
tals, under proper conditions, to effect
an interchange between mechanical
and electrical energy. A common ex-
ample of its use is in the eleciric
phonograph, where the mechanical vi-
brations of a needle following the rec-
ord grooves are transformed into elec-
trical impulses by a crystal. This
property is found only in ecrystals
which are poor conductors of elec-
tricity, and which are non-centro-sym-
metrical—that is, which have an un-
balanced, off-center arrangement of
atoms in the crystal.

1f only erystals which exhibit the
piezoelectric effect are capable of
causing pneumoeoniosis, then it would
seem logical to conclude that the piezo-
electric effect itself is in some way the
cause of the fibrous growth of pneu-
moconiosis. The experimental evi-
dence obtained so far indicates that
this is true. So far, the great ma-
jority of insoluble piezoelectric min-
erals which have been tested have
been found to be fibrogente, and no
minerals which are non-erystalline or
which have symmetrical crystals
have been proven to be fibrogenic.
Quartz, for example, is a well-known
piezoelectric mineral. 1t has also been
long known as a mineral which causes
silicosis. But fused quartz, which is
amorphous and so has no crystalline
structure, has been shown to be non-
fibrogenic. Chalcopyrite also has been
tested, and does not produce pneumo-
conjosis. It does have an asymmetrical
crystal, but it is a good enough con-
ductor of electricity so that it does
not exhibit the pilezoelectric effect.
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Likewise, many other mineralg have
been tested, and most give results
which would be expected according t
the theory.

Certain minerals have been found
which do not have piezoelectrie prop-
erties, yet cause a fibrotic reaction ip
laboratory animals. Aluminum phos-
phate and asbestos are examples. A
possible explanation of these seeming
discrepancies is that these minerals
undergo chemieal changes while in the
lungs which convert their physical
structure into piezoelectric erystals.
This hypothesis is being actively in-
vestigated in current experiments.

Since involved guestions of physical
structure and physical properties of
matter have arisen in these experi-
ments, the Marqguette scientists have
called in outside experts to aid them
in their work. The Allis-Chalmers
Manufacturing Co. has played an im-
portant role, rendering active assist-
ance through E. H. Brown, director,
and Jack T. Wilson, William Allis,
and Richard Graham, physieists, and
other members of its Engineering De-
velopment Division. The company has
also contributed funds and certain
specially designed and constructed
equipment. Dr. Harry Thrig, physical
chemist of the Globe Steel Tube Co.,
has contributed advice and assistance
on X-ray diffraction and spectro-
graphic analyses, and scientists of the
Bell Telephone Laboratories and the
University of Minnesota also have
contributed technical advice and serv-
ices.

It is diffieult to assess fully at this
time the possible value of these ex-
periments to the rock products indus-
try. Certainly it seems possible to
predict when a mineral will be capa-
ble of causing pneumoconiosis, which
will be valuable to the operator of'a
mine, guarry, or processing plant in
determining the extent of dust-con-
trol and other protective measures
which he needs to take. In cases of
pyro-processing of minerals where
crystalline structure may be altere.d,
it can be determined at what point 11
the process the mineral hecomes OF
ceases to be dangerous, suggesting the
possibility of altering the process 10
prevent production of a dangerous
dust or to convert a dangervus dust
into a bemgn one. And finally, a8
science draws closer to understandu}g
the basic causes of pneumoconiosis,
the discovery of better preventative
and curative measures is made more
possible.



