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FIG. 11.—Rat lung 330 days after 50 mg. of quartz dust showing
fully collagenous and confluent fibrosis (grade 5 fibrosis).
(Silver impregnation, X 40.)

F1G. 12.—Rat lung 330 days after 50 mg. of cristobalite dust showing
fully collagenous and confluent areas with patent alveoli within
(grade 5 fibrosis). (Silver impregnation, x 40.)

F1G. 13.—Rat lung 330 days after S0 mg. of tridymite dust showing
fully collagenous confluent fibrosis of grade S involving the

overlying pleura. (Silver impregnation, x 40.)

seen (grade 5 fibrosis, early, Fig. 9). Formation of
new blood vessels and central areas of necrosis
were seen within some of the nodules. The pleura
in most parts was thickened. All the animals killed
subsequently showed similar changes ; and in some
fibrosis involved a major part of the lung leaving
very little healthy tissue (grade 5 fibrosis, Fig. 13).

Discussion

The results are best summarized by listing
the shortest time intervals required to produce the
various grades of fibrosis :

Minimum Time (in Months) Required to
Form of Silica Produce Fibrosis of Grades 2-5
2 3 4 | 5
Fused silica .. 2 7 No further change
Quartz .. .. 2 3 8 9
Cristobalite .. 1 2 7% 8
Tridymite .. 1 1% 2

The four pure silica modifications all had very
similar silica solubilities and size distributions,
and were injected in equal amounts of 50 mg.
corresponding to about 1,000 cm.2 of silica surface
per rat. The resultant fibrosis varied considerably.

With fused silica there was no further progress
beyond grade 3 within seven to 15 months.
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Quartz and cristobalite acted similarly. Grade 3
lasted from two or three months up to about seven
or eight months and there was regular progression
to grade 5. The cristobalite acted perhaps slightly
faster than the quartz, as all grades were reached
about a month earlier.

The tridymite effect was spectacular. Grade 2
was reached after only one month, and grade 5
after two months.
to grow, until in rats killed after 12 months there
was hardly any normal lung tissue left.

These results suggest that the crystal structure of
pure silica does influence the tissue reaction. Quartz,
tridymite, cristobalite, and fused silica are built
up from silicon-oxygen tetrahedra of equal size and
shape. The tetrahedra share oxygen corners only.
Each silicon is surrounded by four oxygens and each
oxygen is bound to two silicons. The feature that
varies is the arrangement of the tetrahedra in space,
and the bond angles which two silicons make with
the oxygen that is bound to both. The tetrahedra
can be packed tightly, as in quartz which has a
density of 2:65, or more loosely as in the other
modifications which vary in density from 22
for fused silica to 2-3 for cristobalite. The arrange-
ment is regular with a three-dimensional periodicity
in the three crystalline modifications, and it is a
random arrangement in fused silica. The crystal
structures of cristobalite and tridymite are known
in their main features but not in precise detail.

It is not possible to say why the different modifica-
tions act so differently, and in particular what
causes the very strong reaction of the tridymite.
A closer examination of a number of tridymite
samples may give further information.

Silverman and Moritz (1950) made intraperi-
toneal injections of quartz and spherical fused silica
into rabbits and found that the quartz gave a stronger
fibrogenic reaction. They explained the difference
by assuming that the quartz had a larger surface
area. In view of Gardner’s and our own findings
this explanation is unconvincing, especially if it is
remembered that the specific surface of their fused
silica, as measured by a gas adsorption method, was
actually over four times larger than the quartz
surface.

The fibrotic masses continued

In summarizing the evidence it can be said that
there is reasonable qualitative agreement between
the experimental results of Silverman and Moritz,
of Gardner, and our own.

Vitreous silica is less active and tridymite much
more active than quartz. Cristobalite is perhaps
slightly more active than quartz.

Summary

Different forms of free silica, i.e. fused silica,
quartz, cristobalite, and tridymite of high purity
and equal size, were injected intratracheally into
the lungs of rats to study any differences in the rate
and severity of pathogenic reactions which they
might produce. Of these, fused silica produced the
least rapid pulmonary fibrosis, quartz the second,
cristobalite the third, and tridymite was the most
rapid in producing tissue reaction. In spite of their
almost identical silica content, %ize distribution, and
silica solubilities, the crystalline modifications
acted more rapidly than fused silica and there were
marked differences between the crystalline forms.
It seems probable that tissue activity is somehow
related to the crystal structure of the dust, but this
cannot as yet be explained.

The authors are indebted to Dr. D. Roberts, Mr.
B. S. C. Hollands, and Mr. W. Weedon for help with
the injection of the animals ; Mr. Hollands for care
of the animals, and cutting of the sections; Mr. J.
Cartwright for the electron microscopy and diffraction ;
Mr. O. G. Griffin for the x-ray analyses, Miss N. Fowler
for the microscopic size distribution, and Messrs. A. J.
Beal and L. Mardlin for the chemical analyses. The
photomicrographs are by Mr. E. V. Willmott.
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