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Na prehmmary pa,per1 it was shown that the
addition of small quantities of metallie alu-
minum powder almost completely inhibited the .
solubility of silicious material in the beaker.
Six rabbits exposed to quartz dust for six months
all showed well developed silicosis. Seven rab-
bits exposed to quartz dust plus 1 per cent
metallic aluminum powder for the same period
did not develop silicosis. At that time we were
not in a position to state either the manner in
which metallic aluminum reduced the solubility
of silicious material, or from the animal experi-
ments whether the aluminum was ‘acting locally
or systemically, or for what period after the
cessation of dusting it would continue to act.
This paper reports the further progress of this
investigation.

CHEMICAL EXPERIMENTATION

The technical details pertaining to the various
substances used in the experiments are given in
an appendix.*

The term ‘‘solubility’’ is used to indicate the
concentration of silica in the solution under
the conditions as ‘noted, determined ecolori-
metrically,® and expressed as parts per million
(p.pm.). The term ‘‘reduction in solubility’’
indicates the difference between the solubility of
the silica in the presence of the aluminum
powder and its solubility in the absence of
aluminum powder. It will be noted that the
solubility figures for different samples of quartz
with no added aluminum - vary conmderably

* For lack of space this appendix is mnot prmted
here, It is on deposit with the American Documentation -
Institute, Washington, D.C.

The ﬁgures do not refer to an equilibrium solu-
bility of silica but to the actual amount of silica
dissolved from a given sample in a given time at
a given temperature. In view of the fact that
quartz dissolves extremely slowly it is evident
that the actual figures in any case will depend
upon the surface exposed, <.e., fineness of grmd-
ing of the different samples..

In an endeavour to determine the mechanism
by which metallic aluminum reduces the solu-
bility of silicious materials the following experi-
ments were conducted.

1. Flocculation.—It was noted in solubility de-
terminations on aqueous suspensions of silicious
materials that the addition of small amounts of
metallic aluminum powder produced a floccula-
tion of the particles whereas untreated suspen-

'sions remained in the dispersed phase. The
effect of positively- and negatively-charged dyes

was then determined on the flocculation and
solubility of quartz suspensions.

It is shown in Table I that the negative dyes
neither produced floceulation nor appreciably re-
duced the solubility of the quartz. On thé other
hand the positive dyes did produce flocculation
and a fair degree of reduction in solubility.

The effect on the solubility, particle charge,
and mobility produced by the addition of in-
creasing amounts of metallic aluminum powder
to quartz suspensions was then determined.

It will be noted in Table II that with 0.036
per cent of extremely fine aluminum the solu-
bility has been reduced by 93 per cent, but the
flocculation is very slight, whereas it took 0.9 per

cent’ to produce complete flocculation and

neutralization of the charge.
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TABLE I.

EFFEOT OF DYES ON FLOCCULATION AND

SOLUBILITY. OF QUARTZ SUSPENSIONS

Solubdility Peroent .
o o 840, p.p.m. Reduction - Flocoulation
Quartz suspension (CONLTOl) vooveveeeierevrrennnns 12.4 - absent
¢ ““ - Biebrich scarlet (neg.)........ 12.6 nil absent
“ e -+ Eosin (neg.) «.eecveeeeeenne. 10.0 19.0 absent
¢ “ - Methylene blue (pos.) ...... 8.5 31.0 present
i ¢ - Nile blue (pos.) ........ 11.0 11.0 present
“ ‘ -+ Nite blue (pos.) .c..oovvven.. 44 64.0 present
1 eg quartz and 5 c.c. of 0.1 per cent solution of each dye was diluted to 50 c.c. with
" distilled water. Pyrex glass containers, 37° C..continuous agitation 20 hours.

2. Adsorption of dissolved silica on aluminum.
—Knowing the adsorptive properties of alumi-
num hydroxides and activated oxides, tests were
conducted to determine the rate of removal of
silica from ‘‘solution’’ and the quantities of
these compounds required as compared to metal-
lic aluminum, -

It will readily be observed in Tables IITa and
IIIb that metallic aluminum is much less effec-
tive in removing silica from ‘‘solution’’ when
compared with the activated oxides and hy-
droxides over a short period of time. However,
when using metallic aluminum in large amounts
and over longer periods of time, soluble silica

TaABLE II.

EFFECT OF VARIOUS AMOUNTS OF METALLIC ALUMINUM POWDER ON THE SOLUBILITY,
PARTICLE CHARGE AND MOBILITY OF QUARTZ SUSPENSIONS

Mg. Al  Solubility  Per cent Floccu- *Charge on
Added - 8i0, p.p.m. Reduction lation Particles tMobility
1g. quartz. -} 50 c.c. water .. 0.00 76.0 - - neg. 3.0
¢ + ““ .. 0.09 - 45.0 40.0 + neg. 2.8
‘“ =+ ‘“ .. 018 26. 66.0 + neg. 2.6
¢ -+ ““ . 0.36 51 93.0 + neg. 3.0
¢ 4 ‘“ .. 091 44 94.0 ++ neg. 3.1
‘¢ -+ “ .. 181 2.2 97.0 +4++ neg. 3.7
¢ + ‘“ .. 2.72 17 98.0 ++++ neg.’ 2.6
““ + ‘“ .. 452 0.9 99.0 +4+++ neg. 3.2
“ -+ ‘¢ .. 7.24 0.9 99.0 almost  very 0.0
complete neg.?
“ + ‘““ .. 9.06 0.9 99.0 complete il, 0.0

Bakelite containers, continuous agitation 20 hours. 37° C.
* Cataphoretic observations conducted in an Abramson cell.
t Mobility units — em. per second and per volt per cm.
. We acknowledge our thanks to Mr. Newman, of the Department of Physics, University
of Toronto, for conducting the experiments on the particle charge and mobility. )

TaBLES IIIa. AND IIIb.

EFFECT OF ALUMINUM POWDER, ACTIVATED ALUMINUM OXIDE AND ALUMINUM HYDROXIDE -
ON SoDIUM SILICATE AND SOLUBLE QUARTZ SOLUTIONS

TABLE IITa.
Original Final 840, p.p.m.
Concentration Concentration Removed from
8i0, p.p.m. 8i0, p.p.m Solution
Sodium silicate solution pH 7.5 (control) ......... 20.7 20.4 -
50 ec.c. 4+ 30 mg. ALO, (8-242-5) .............. 20.7 1.2 19.5
50 c.c. + 30 mg. ALO0, (8-242-5) ...... Ceeeene 20.7 21 18.6
50 c.c. + 10 mg. AI(H) ..oovvvnnnnnn. ceeeen .. 207 20.8 nil
50 e.c. + 10 mg. Al(i) ,..oeovnnen. Ceveeeeree. 207 20.5 nil
' . TaBLE IITb
Quartz filtrate pH 7.5 (control) ......... eeeeas. 892 90.3 -
25 ce. + 7.2 mg. AI(OH), (780A) ............ 89.2 76.3 12.9
25 c.e. + 7.2 mg. AI(OH), (771-1) ............ 89.2 76.3 12.9
25 c.c. + 4.7 mg. ALO, (8-242-5) .............. 89.2 71.9 17.3
25 ce. + 2.5 mg. Al (X-422) ..\ ceieieennnnnnn. 89.2 82.7 6.5

Bakelite tubes 37° C., 20 hours continuous agitation.
Quartz filtrate dialyzed through cellophane.
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can be removed to a greater extent, as shown in
Chart 1. This is in all probability due to the
continuous production of more hydroxide over a
longer period.

3. Adsorption of aluminum on the silicious par-
ticle.—The above experiments did not account
for the prompt large reduction in solubility pro-
duced by the addition of small amounts of
metallic aluminum to silicious materials, It was
then assumed that the reverse process might
take place, that is, the reduction in solubility
might be due to a film of an insoluble aluminum
compound being adsorbed on the surface of the
silicious particles. The following experiments
were conducted to test this assumption,

of 1 per cent metallic aluminum powder, was
determined at hydrogen ion concentrations of
PH 4 to pH 12. Some of these results are shown
in Charts 2, 3 and 4. It will be seen that the
addition of aluminum powder inhibits the solu-
bility of silica in the various minerals through
the hydrogen ion concentration range pH 6 to
pH 11. Above pH 11 and below pH 6 the in-
hibition appears to be ineffective. This strongly
indicates the presence of an insoluble aluminum
compound on the surface of the quartz particles,
preventing their solution within this pH range.
To demonstrate that the adsorbed hydrated
alumina coating, in preventing the solution of

‘TaBLE IV.

EFFECT OF THE ADDITION OF SMALL AMOUNTS OF METALLIC ALUMINUM
TO QUARTZ SUSPENSIONS AT VARIOUS TIME INTERVALS

Time of Addsition
of Aluminum 8i0, p.p.m. 810, p.p.m
Tube No. (m minutes) When Aluminum added at 30 hours
1 60 3.3 2.6
2 120 5.8 4.8
3 180 5.5 5.0
4 300 10.8 9.6
5 360 154 131
6 415 143 11.6
7 control - 31.2

1 g. quartz powder, 100 c.c. distilled water used in each test.
25 c.c. quartz suspension removed during agitation for silica determination at stated

time intervals; then 1.8 mg. aluminum added.

Bakelite containers 37° C. Continuous agitation.

Table IV shows clearly that the addition of small
amounts of aluminum powder stops further
“¢golution’’ when added at various time intervals,
without appreciably removing the dissolved
silica from solution. - This experiment tended to
confirm the theory of adsorption. It was then
assumed that the film adsorbed on the quartz
particle might be a hydrated aluminum oxide.

On this assumption, the solubility of various

silicious powders, with and without the addition

silica, depends on the amount present and the
surface to be coated solubility tests were con-
ducted on silica smoke (20 Angstrom units)
and MecIntyre quartz (-5u), with and without
the addition of varying amounts of metallic
aluminum powder (Chart 5). It is definitely
shown in Chart 5, that the amount of aluminum
required to reduce the solubility of silica suspen-
sions is dependent on the total surface of the
silica particles. ;

TABLE V.

SOLUBILITY OF QUARTZ IN LOCKE’S SOLUTION WITH AND WITHOUT
ALUMINUM POWDER OVER LoNG PERIODS OF TIME

Quartz Quartz Quartz Quartz
Control + 1 p.c. Aluminum + 2 p.c. Aluminum + 8 p.c. Aluminum
- Days 8:0, 8i0, per cent 840, per cent 8i0, per cent
p.p.m. p.p.m. Reduction p.p.m Reduction p.p.m Reduction
34 63.7 0.7 99.0 0.5+ 99.0 0.5 99.0.
68 67.5 14 98.0 14 98.0 14 98.0
94 75.6 0.3 99.0 0.3 99.0 0.3 99.0
133 60.7 0.3 99.0 0.3 99.0 0.3 99.0
320 81.3 0.3 99.0 2.8 97.0 2.8 97.0
385 99.5 0.3 99.0 3.9 96.0 3.3 97.0

-5 g. quartz powder, 500 c.c. distilled water, with the addition of 1, 2, and 3 per cent
aluminum were placed in rubbér: sfoppered pyrex flasks and allowed to stand at room

temperature with occasional agitation. -
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Chart 1 shows the effect of large amounts of
aluminum powder on a solution of silicic acid. Waxed
glass containers; room temperature 20° C.; occs,s;onal
agitation.

The permanency of this adsorbed film on.

quartz particles was tested in water and physio-

logical solutions (Locke’s) for a period of

thirteen months. The results obtained in Locke’s
solution are shown in Table V and are similar to
those obtained in water.

In a further experiment a mixture of quartz
to which 1 per cent metallic aluminum had been

added was placed in Locke’s solution. This solu-.

tion was changed daily for a period of three
months. At the conclusion of the experiment
there was no increase in the solubility of the
quartz.,

4. Staining of the adsorbed film.—To determine
the nature of the adsorbed film samples from the
above tests (Table V) taken at various periods,
were treated with aurine dye (aurinetricarboxy-
lic acid) which gives a characteristic cherry red
colour with alummum hydroxide. It was dif-
ficult to be sure of the dyed film on such small
particles under the microscope, so larger pieces
of quartz from 1/ t6 8 inch slabs were then
treated with metallic aluminum and water for

varying periods of time (4 to 38 days), taken’
out, washed and scrubbed with a brush, and .

placed in a 2 per cent aqueous solution of aurine,
buffered at pH 5.2, heated to 70°"C. for five
minutes, removed and washed. These pieces
stained a cherry red colour, whereas quartz not
treated with aluminum and subjected to the dye
treatment failed to show any coloration (Fig:
1). Different types of activated oxides and
hydroxides of aluminum were used in similar
tests, and it was found that the intensity in
colour of the dyed surface corresponded closely
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Charts 2, 3, and 4 show solubility of various
shicious powders, with and without metallic aluminum
powder at various hydrogen ion concentrations. One
gram poewder and 50 c.c. buffer, solution used in each
test. Temperature 37° C.; continuous agitation, 20
hours; bakelite containers.
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to the effect of these compounds.in reducmg the
solubility of quartz (Table VI).- :

"It was found that the stainable filin on the
surface of aluminum-treated quartz when'sub-
jected to solutions more acid than a pH of 4 or
more alkaline than a.pH of 12 completely dis-
appedred. These samples, when taken from the
solution ‘and washed thoroughly, could not be
stained 'with aurine unless agam SubJected to
the aluminum treatment. ¥

CHART 5.

o McinTyae Quartz Powoer ~ 5/4 .......
Siica Smoxe: Powoer - 20 &

$10, Parts ser Mution v SoLuTion

° ro.--o..g_--_-.--o

P E—— —— ]
wos 20 30 “© 5o .0 1 % 90 o0

MiLLicRams Acuninum Powoer rin Gram $10,

Chart 5—The amount of aluminum necessary to
reduce the solubility of silica in relation to partlcle
size. One gram powder 4+ 50 c.c. water used in each
test; pyrex glass containers; 37° C., 20 hours’ con-
tlnuous agitation. .

5. Identification of the adsorbed film by the
electron diffraction pattern.— Dr. Lester H.
Germer and Mr. K. H. Storks, of the Bell Tele-
phone Laboratories, New York City, have very
kindly made a preliminary study of the material
which'is precipitated upon silica by the reaction
of rwater and aluminum. They have identified
this material as a hydrated oxide of aluminum.
By a spectroscopic examination of the film
séraped from a quartz surface they showed that
its silica content was less than 0.5 per cent of its
alumina content. . After drying the film electron
diffraction patterns characteristic of the erystal-
line :alpha aluminum monohydrate (Al,0,.H,0):
were obtained. The drying was necessary be-
cause electron diffraction patterns must be taker !
in vacwo. Since experiments show thdtit'ne
crystalline alpha monohydrate does ot il
deeply enough with the aurine dyg fo ac tHunt

for the observed colour, while theipreci-pitated -

gelatinous hydrated oxide is deeply st- -ained, it
appears probable that the filny, on the @uariz is a
gelatinous hydrated oxidaaieainmin™ Which is

converted into the crystallme monohydrate on
drymg *

- Following thls work: tests were made to deter-
mine the effect of aluminum mono-and trihy-
drate on the solubility of quartz as compared to
metalho alummum and-activated alumma

TABI.E VI

EFFECT OF ALUMINUM MONO AND TRIHYDRATE ON THE
SOLUBILITY . OF QUARTZ

Solution  Per cent
80, p.p.m Reduction

Quartz.control ............... ..., 133 -
Quartz -+ 10 mg. Al(ii) ......... 4 97.0
Quartz + 30 mg. corundum 131 -
Quartz 4 30 mg. activated

- amorphous alumina (8-242-5) 15 89.0

Quartz -+ 30 mg. alpha monohydrate

(1420 W) 131 -

.................

132 -

....................

1 g. quartz—50 c.c. water. Bakelite tubes. Con-

tmuous agltatlon 23 hours. 37° C.

This e‘:perlment shows clearly that the mono
and trihydrate of aluminum have no effect in
preventing the solution of the quartz particle;
whereas the activated amorphous alumina. in-
hibited the solution by 89 per cent but was not as
effectlve as the metallic powder.

- CHEMICAL DISCUSSION

Gardner? has brought forth experimental
evidence which strongly suggests that the
toxicity of ‘silica is due to that portion of the
silica whieh is in the dispersed colloidal form.
Whether or not this theory is correet our experi-
ments ‘seem to show that what we have defved ..
and determined as ‘‘solubility’’ is a measure of
the toxicity of the quartz particle. We have
demonstrated that the adsorbed film of hydrated
aluminum- oxide.dg sv/uficigntly: . impermeable to
prevent silica;fxormy ,passilpg into what we have
defined as,{|sol" Hien ‘)"f‘ .¢., the state in which it
will, fprm §‘]‘] ACOVXIJOIy;bdlC acid.

. Flacgul-ation—It Las been observed by other
worker s that aqueous suspensions of quartz
pow ders .are flocculated by many substances.
T ositively charged dyes, the hydroxides of

mﬂﬁl’ iron and tm as well as minerals such as
) psum, and the mmeral mixtures present in
cérfain country rocks and’ shales, all flocculate
quartz suspensmns It has been shown (Table

* Dr. Germer and Mr. Storks are continuing their
work, and we understand that they will publish a de-
scrlptlon of it elsewhere when it is completed. In the
meantime, this preliminary statement of their results is
made with their approval. The alpha monohydrate is the
one often called ‘‘Boehmite’’ in the German literature. -
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I) that flocculation may be present with very
little reduction in ‘‘selubility’’ and (Table IT)
that a marked reduction in ‘‘solubility’’ ean
take place with slight floeculation only. The im-
mediate and permanent reduetion in the ‘‘solu-
bility’’ of quartz by metallic aluminum can be
accounted for only to a slight extent hy floccula-
tion brought about by the neutralization of the
charge on the quartz particles. - ’

Adsergtieon of dissolved silica on aluminum.—
Metallic aluminum in small quantities over a
short period of time has been shown to be only
slightly effective in removing silica from ‘‘solu-
tion’’, while some of the oxides and hydroxides
were more efficient. There was found to be a

great variation in the adsorptive properties of -

various types of these compounds, depending on
their method of preparation. While larger
quantities of the metal did remove silica from
“‘golution”’, this was undoubtedly due to the pro-
duetion of more hydroxide over a long period of
time. This time factor alone shows that the
rapid reduction in ‘‘solubility’’ of the silicious
particles by small amounts of metal eannot be
due to the removal of silica from ‘‘solution’’.’
This is also corroborated by Table IV, where the
addition of small amounts of aluminum to quartz
suspensions immediately prevents further solu-
tion without appreciably dzmnnshmg the silica
in solution,

Adsorption of aluminum hydro:mde on the
silicious particle—The: prevention of further
“aolntlon” of quartz suspensions, produced by

glummum hydroxide 16 almost 8
goluble within the range pH 5.5

foluble salt when the solution is; 5
pH 4 and a soluble aluminate when it 1Y
alkalme ‘than pH 12 The solublhty CUrves’y
yarious hydrogen ion concentrations of ,
and silicates (Charts 2, 3 and 4) with m;d‘thh- .
out aluminum powder, strongly suggest that

removal of the adsorbed film, allowing the rapid

solution of the silicious particles, takes place at

hydrogen-ion concentrations corresponding to
those at which aluminum hydroxide is soluble.
‘The cherry-red staining with aurine on the
surface of quartz after immersion in aqueous
suspensions of aluminum and the gelatinous
forms of its hydroxides, again strongly suggest
the presence of an adsorbed film of gelatinous
hydrated alumina. In all cases the aurine-
stained film on quartz after treatment with
aluminum powder at room temperature has been
much more pronounced than that produced by
activated oxides and hydroxides including those
that produced marked reductions in the solu-

bility of quartz suspensions. The fact that the

film, demonstrable by aurine staining, is re-
moved by immersion in solutions above or below
a pH range of 4 to 12, and cannot again be
stained unless treated with aluminum, adds
further evidence that the film is hydrated
alumina.*

ANTIDOTAL ROCKS

The modifying influence which shale, country
rock and certain silicates seem to exert on
the production of fibrosis caused by free
silica is oeccupying an important place in the
investigations of many prominent research
workers — King,» ¢ Brisco,® Whitehouse® and
others. Haldane? believed that these anti-
dotal rocks moderated the action of silica in two
ways—by dilution and by some form of an-
tagonism. It is of interest in this connection to
point out that in the mines of the Poreupine
district of Ontario the men working in the
crusher houses of the mills-do not develop sili-
coais, although there is approximately 35 per
cent of free silica in the mill feed.: In a previous

- paper® it was pointed out that.animals exposed
‘to this dust, although having large amounts of

dust in their lungs, failed to show any fibrosis
up to a peried of twelve months.

The .authors have conducted an mvestlgatlon
inta-mill feed, country rock and slate obtained
: the Porcupme .camp, and although this in-

igation is far from complete they have found
hese: three: materials, having low silica

g - themselves, when added in 50-50
to quartz will reduce the solubility

cent. It was further found that
03 were treated with alkaline
4' of Dr. Germer and Mr.

8 have been pointed out
ly identified
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solutions above pH 12 the antidotal materials
had lost their ability to further retard the ‘‘solu-
tion”” of quartz, and aluminum hydroxide was
found to be present in the solution. We wish to
point out the similarity of the reaction when
aluminum-coated quartz is treated in an alkaline
solution above pH 12 (Chart 2).

Analysis of these rocks showed them to con-
tain from 10 to 20 per eent of alumina, present
chiefly as silicates. The authors believe that the
modifying action of antidotal rocks is due in
part to the aluminum present, to a slight extent,
as free hydroxides derived from the breaking
down of these silicates—perhaps connected with
the weathering of pyrite or other sulphides
present. In the lung these weathered silicates, if
present in large amounts, may have the same
effect on the silica as they did in the beaker.
Gardner? has demonstrated that the hydrated
oxides of iron when added to quartz, have a
definite retarding effect on cellular reaction.
We believe that some antidotal rocks may con-
tain eonsiderable quantities of iron, the hydrated
oxides of which, by taking silica out of solution,
may also be playing a part in the antidotal
mechanism,

From the experiments recorded in this paper,
those in a previous communication, and from
experiments that space does not permit record-

ing here, it has bheen shown definitely that
metallic aluminum prevents ‘‘solution’’ of

quartz and silicious materials in three ways: to
some extent either by flocculation, or the re-
moval of silica from ‘‘solution’’ by adsorption,
but chiefly by coating the mineral particles with
gelatinous hydrated alumina that almost entirely
prevents their solution. The solution-preventing
action of the gelatinous layer of hydrated alu-
minum scems to be responsible for the powerful
effect of the small amounts of metallic aluminum
required to inactivate quartz particles, as com-
pared to the large amounts of other protective
agents required, such as gypsum, iron oxides, ete.

ANIMAL EXPERIMENTATION

The animal experiments consisting of three
main groups were carried out to determine .(2)

whether the inaetivation of quartz by alusmiiw

was a local or systemie reaction; (2) the
reaction produeed by the injection of .
powder, the solubility of which, prior t&im%y
tion, had been progressively depressed by the
addition of incrcasing amounts of a.lumlglu!'n ;

Cs

(3) the reaction produced in the lungs by the
retention of inhaled aluminum dust, quartz dust
and mixtures of quartz and aluminum dusts,
when breathed in varying proportions either
separately or as admixtures. During the course
of the different experiments numbers of the
rabbits died from infections. Those animals
were discarded in which the infective process in
any way obscured the reaction produced by the
presence of dust and are not included in the
data recorded bhelow,

1. Local or systemic reaction.—'To ascertain
whether aluminum powder was acting locally or
systemieally in preventing fibrosis the following
experiments were conducted. (@) Rabbits were
fed metallic aluminum powder in their rations,
10 mg. ecach, daily, and dusted for twelve hours
with quartz dust. (b) Rabbits were injected
subcutancously, intramuscularly, intraperito-
neally, and intravenously, with varying amounts
of metallic aluminum powder at various inter-
vals while being subjected to quartz dust, twelve
hours daily. (c¢) Subcutaneous injections of 10
mg. of -Hpu quartz were made into the backs of a
series of rabbits, and they were then exposed to
aluminum dust twelve hours daily. (d) To
another series of rabbits injected subcutaneously
with quartz only, weekly intravenous injections
of varying concentrations of metallic aluminum
powder were given,

Animals from these groups were killed at
various intervals, and sections for miecroscopie
examination prepared from lungs, liver, spleen,
kidney and the areas injected with quartz.
Mieroscopically there was no evidence found to
indicate that aluminum was acting systemically.
Animals in groups ¢ and b developed fibrosis to
the same extent and at the same rate as control .
animals dusted with quartz only. ‘
and d fibrotic nodules developed at
and were of the same chara )
the controls,

2. Amount of
tivate quar, )

LW .
' Inactivate quartz,

s a the stability of the

’ nined l)\' the followm«r L\pu'lmonts
ples of —5p quartz were prepared by

'ﬂrnndmo quartz on quartz and separating by

air-sedimentation.  To these samples varyving
amounts ol metallic aluminum  powder were

=Y

PO “ . [T
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PLATE L.
PHOTOGRAPHS REPRODUCED IN NATURAL COLOURS FROM KODACHROME FILMS.
ALUMINUM SUBCUTANEOUS|  SOLUBILITY
ADDED INJECTIONS IN WATER
% /0mg.-210DAYS|  Si0, PPM.
NIL 107
0.0 20
0.7 8
0.33 7
0.85 (
1.70 Y I
3.40 /
Fig. 1 Fig. 2

Fig. 6

Fig. 1.—Upper quartz coated w1th ~-b ated alumina, @m § ped to aurine dye treatment (red stained).
Lower quartz uncostof s | Gk aa iy’ dye treajugnt Binable). Fig. 2.—This series of quartz injections
was made into the: Fige. 3, 5, 7, § 11.—gned with routine hematoxylin and eosin. Figs.
4, 6, 8, 10, 12.—Stajn mptrate presepfiRf refining hydrated alumina. Figs. 3 and 4.—Typieal

forelgn body resposd v Figs. b

Note absence of afrg ¢

al nodular fibrosis produced by quartz dust.
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PLATE IIL
PHOTOGRAPHS REPRODUCED IN NATURAL COLOURS FROM KODACHROME FILMS,

Fig. 11 Fig. 12

Figs. 7 and 8.—Typical foreign-body response produced by admixtufe of quartz and aluminum. Figs. 9 and 10.
—Typical foreign-body response produced by daily dusting with aluminum fpr 40 minutes before or after tl§e 12 hours
quartz dusting. Figs. 11 and 12.—Silicotic rabbit subsequently dusted with all{mlnum 20 minutes daily. . Note
presence of alumina in quartz containing dust cells showing foreign-body reaction and absence of alumina in
areas of early fibrosis.
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added and the solubility of the mixtures de-
termined in water after twenty hours’ agitation.
Ten mg. amounts of all these samples were then
injected into each of several rabbits, and cross-
sections of the injected areas examined micro-
scopically at two and seven months. At two
months the sections of the injected areas showed
nodular fibrosis with metallic aluminum concen-
trations up to 0.33 per cent and a forcign-body
reaction with 0.85 per cent or greater. At seven
months this picture was unchanged (Fig. 2).

3. Dusting experiments. — The methods of
dusting and the apparatus used in repeating the
original experiments at the MeIntyre mine were
the same as described in our first paper.® In the
experiments conducted at the Department of
Medical Research, however, tube mills, lined with
rubber, were used instead of quartz lined tumble
boxes, as tests had shown practically no wear on
this special rubber liner and contamination of
the quartz dust was negligible. The mills were
casy to install and required a minimum amount
of attention. The cages were designed to house
12 rabbits each, and were arranged in groups to
take care of various types of dusting. Each
cage was connccted to a negative pressure ven-
tilating system and care taken to avoid dust
contamination from group to group. At weekly
intervals the ventilating system was checked
with an anemometer, dust counts estimated by
the Franks photo-electric machine,® and particle
size determined. The total SiO, and total alu-
minum content as well as the solubility of the
dust in the various cages were also determined.

All dusted animals, the findings on which are
recorded below, except the aluminum controls,
were exposed for varying periods of time to
different concentrations, as noted, of quartz
and/or aluminum dust of approximately 20,000
particles per c.c., the majority being under 3
microns in diameter. At various intervals
animals were killed to determine the amount of
dust in the lungs and the type of tissue response.
Portions of all lungs were assayed chemically to
determine the amount of quartz and aluminum
present. The aluminum assays have been ex-
pressed as milligrams of the metal per 100 g. of
the dried tissue. The microscopic sections were
prepared in the same manner as stated in our
first paper.

Aluminum control animals.—Rabbits were ex-
posed to aluminum dust to determine the effect
of inhaled aluminum in the lung and on the

general health of the animals over long periods
of time. Ifight rabbits were exposed to an at-
mosphere containing freshly ground finely par-
ticulate aluminum powder in a concentration
averaging 7,000 particles per c.c., 12 hours daily
for 14 months. Following cessation of the dust
exposure some of the animals were observed for
an additional seven months. Chemical assay of
the lungs showed them to contain from 270 to
1,200 mg. of aluminum per 100 g. of dried tissue.
During their life-time these animals gained
normally in weight, and from the appearance
and texture of the fur and their general be-
haviour there was no evidence of any harmful
effect due to the inhalation of the aluminum
dust.

The gross and microscopic examination of the
tissues apart from the lungs showed them to be
normal. In the gross the lungs showed a uni-
form dark mottling of the pleural surfaces and
on sectioning this was seen to be distributed uni-
formly throughout. Apart from this the
lungs appeared normal. Microscopic examina-
tion showed the mottled areas, seen in the gross,
to be aggregates of dust cells almost completely
filling adjacent alveolar spaces. These cells con-
tained irregular shaped opaque particles, the
majority being under 3p in diameter. Praec-
tically all these particles were present in the
dust cells. These cells presented regular out-
lines and their nuclei stained well. The alveolar
walls throughout the lung showed no evidence of
thickening except occasionally in the dust-
containing areas. This thickening consisted of a
slight alveolar endothelial proliferation. The
ciliated epithelial lining of the bronchial tree
appeared normal. The lymphatic spaces and
aggregates throughout the lung contained rela-
tively few dust-laden cells, and showed no
evidence of thickening or damage. The opaque
particles seen in the dust ecells were observed to
give off bubbles and completely disappear when
a drop of 6N NaOH was placed on a section
under a cover slip. Seetions stained with aurine
showed the cytoplasm of these dust cells to con-
tain varying concentrations of a cherry red
colour (Figs. 3 and 4).

Quartz controls.—All the control animals used
for the various experiments were housed in a
separate group of cages and received quartz dust
for twelve hours daily. As recorded in Table
VII practically all these animals from five
months on showed the nodulations typieal of
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Tasre VII.
QuarTz DusTING ONLY—12 HOURS DaArwLy
. Lung assay Fibrosis present in
Period Removal Alveolar
of from  *Mg. per cent Al Peri- Pers- wall

Rabbit = dusting  dust ~———————— X 100= Per- bronchial vascular Alveoli thickening
number (days) (days)  Mg. per cent SiO2 cenlage lymphatics non-fibrotic

209 1056 0 2.8//585 0.5 - - - -

165 106 0 22/5500 0.4 + - - -

C 120 0 16/1200 13 -+ - - -
466 120 0 1.8/340 0.5 - - - +
513 123 0 3.9/3200 0.1 - - - -
377 128 0 2/185 0.1 - - - -
461 129 0 4.1/810 0.5 - - - -
375 134 0 1/234 0.4 - - - -
580 138 0 1.8/660 . 0.3 - - - +
214 138 0 6.6/1420 0.5 + - - -
206 138 0 6/810 0.7 + - - -

90 151 0 4.5/1010 0.4 - - - -

89 161 0 3.6/5640 0.7 + - - -
788 163 131 17/3980 0.4 + - - +
779 - 163 188 23/4510 0.5 + - - +
510 167 0 10.9/5906 0.2 + + - -

70 172 0 4.4/487 0.9 - - - +
562 173 0 5.8/6450 0.1 - - - 4
581 175 0 3.7/1150 0.3 + - - ++
756 177 0 2.5/2720 0.1 + - - -

4C 178 0 4.5/550 0.8 -+ - - -
151 180 0 12/65650 0.2 ++ ++ + +
104 180 0 1.3/4280 00 - ++++ ++4++ +4+++ ++
774 180 0 10/3900 0.2 - ++ + ++
770 183 0 33/5720 0.6 - - - +
508 193 0 - 4.5/3400 0.1 - - - +
1C 201 0 8.4/4320 0.2 + 4 ++ ++ +
166 215 0 28/8740 0.3 +++  +++ +4+ +
222 219 0 5.4/885 0.6 - - - -
344 230 0 5.4/1670 0.3 - - - -
764 233 13 11.6/7370 0.1 + + + +4++
763 233 25 13/4650 0.3 + + - +
761 233 55 25/7140 0.3 + + -+ +
771 233 102 42/6700 0.6 + ++ + ++
761 233 207 23/6130 0.4 ++ ++ +4 ++

62 252 0 2.9/965 03 - + + - +
336 294 0 3.9/3900 0.1 + + - +
156 300 0 20/5710 0.3 +4 + - +
152 300 0 3.2/1020 0.3 ++ + +. +
163 300 0 13/2850 04 - ++ +4 ++ ++
343 301 0 3.6/930 0.1 + - - -
239 303 0 1.8/9560 0.2 <+ - - -
583 324 39 9.1/2360 0.3 +4+ ++ ++ ++
227 3356 0 23/10800 0.2 + + ++ +
B T RS B

.1 ++ ++ ++ ++
506 345 137 7/1470 0.5 ++ +4 +4 ++
205 364 0 113/9430 1.2 + + - +
339 370 0 12/1990 0.6 + - + ++
488 378 131 11/2460 0.4 ++ ++ + +4++
479 380 210 20/6200 0.3 +4+4+ 44+ ++++ +4
215 388 20 23/4650 0.5 ++ +4+ + ++
212 388 210 5/630 0.8 ++4 ++4 + +4
208 388 210 16/2860 0.5 ++ ++4+ ++ ++
398 398 210 14/4210 0.3 +4 ++4 ++ +4++

84 412 210 24/4740 0.5 ++ +4 + 4+ ++
232 415 39 3.4/2090 0.2 +4 ++ ++ ++
230 415 - 210 5.4/2000 0.3 ++ ++ ++ ++

91 590 0 6.4/6500 0.1 ++ ++ ++ -+

*This equation actually represents the ratio of quarts to aluminum and not the true percentage. Due
the fact that they are practically the same and we have used percentage throughout the pt:g:r we havtg

used this term in order not to confuse the reader.

+ =glight amount of fibrosis.
+4 =moderate “ “«
+ + + . mal'ked [ ““ “
_'_ + + + =maasive 13 “ [
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TasLe VIII.

ADMIXTURE OF QUARTZ AND ALUMINUM Dusts—12 Hours DaiLy
. Lung assay - v Pibrosis present in )
Period Removal — - - Alveolar
of from ~ *Mg. per cent Al .+ % Perg- Peri- - wall
Rabbit  dusting dust ————————— X 100= Per- bronchial wvascular  Alveoli ‘thickening
number (days)  (days) - Mg. per cent SiOp ~_centage ~ lymphatics ' non-fibrotic
. : AvuMINUM PERCENTAGE—0.5
137 118 0 2.3/607 04 - - - -
175 118 0 2.7/1000 03 » - - - -
313 163 0 2.4/695 - 03 ¢ - - - +
312 163 45 2.4/1170 - 02 . - - - +
104 174 0 6.4/1780 - 04 - - - - -
355 174 0 3.7/2540 01 - - - +
428 232 0 3.4/1490 . 02 -+ - - - +
539 282 0 4.6/1380 0.3 - - - +
429 301 0 2.8/665 0.4 - - - +
423 324 0 8.8/4030 . 02, ' - - - +
567 325 210 19/4610 - - 0.4 + + . - ++
489 383 _ 195 5.2/1850 03 .- + + + +4+
474 389 165 6.7/2670 0.2 A+ + + +4
473 389 202 0.9/2440 0.0 -+ + + ++.
378 390 150 21/4980 0.4 + + + ++
396 403 210 39/8500 04 - + + + ++
317 413 157 32/6930 05 - - - - ++
105 431 135 21/4280 05 - + + - + ++
150 . 431 210 26/6130 0.4 + + . + . ++
AvuMiNnoM Percentage 0.5 To -1.0
435 382 0 31/3890 - 0.8 - - - +
422 398 120 16/2840 . 05 - - - -
330 403 210 51/5670 0.9 - - - +4+
160 404 0 61/8500 0.7 - - - +4++
128 431 30 58/7750 0.7 - - - ++
147 431 210 5.2/825 0.6 + + + ++
148 431 210 16/3100 0.5 + + - ++
111 431 37 32/4200 0.7 + + + ++
362 431 210 27/5030 0.5 - - R o
AvuminuM PERCENTAGE 1.0 TO -1.5 S
499 149 0 52/3800 14 - - - -
363 237 0 17/1240 1.4 - - S -
384 262 0 33/2540 1.3 - - - +
132 342 0 50/4850 10 - - - +
392 389 0 49/4550 1.1° - - - ++
365 398 0 49/4360 11 - - - +
292 403 210 88/7200 12 - - + +
359 431 67 87/6250 14 - - - ++
183 431 97 68/5280 1.3 - - + +
189 431 | 135 110/10200 - 11 + + + ++
ArvmiNnuM PERCENTAGE 1.5 TO -2.0 ’
459 142 0 3.7/242 1.5 - - - -
177 174 0 72/3690 1.9 = - - +
490 179 0 34/2180 1.6 - - - -
188 223 0 16/1000 1.6 - - - -
540 271 0 24/1550 1.5 - - - ++
131 418 0 . 119/6420 . 1.9 - - - ++
185 431 97 170/9750 1.7 = - - +
, AvumiNUM PErcENTAGE +2.0
407 = 204 0 130/3460 3.8 = - - +
349 262 0 84/3500 2.4 - - - +
333 289 0 63/2120 3.0 - - - +
408 297 0 117/4040 2.9 - - - +
180 396 0 119/5080 2.3 - - - ++
346 420 0 79/3180 2.5 - - - +

©  *This equation actually represents the ratio of t{uartz to aluminum and not the true peréentage. Due to
the fact. that they are practically the same and we have used percentage throughout the paper we have
used this term in order not to confuse the reader.*

=glight amount of fibrosis. '

+ =modemte [ [{3 [

++ =marked “ o« «

+ 4+ =massive ¢ ¢«

—The aluminum percentage above represents the total aluminum present. Allowance must be made
for the average amount present in control animals.

4

g
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‘QuARTZ DUSTINdI 12 Hours, Attminom Dukting 40 MINUTES DALy

S . - Lung assay Fibrosis present in
.. Period ' Removal - - E ’ - Alveolar
’ of . from ' *My. per-cent Al i Per- Peri- wall
Rabbit - dusting. - dust. . ——————— X 100= Per- bronchial vascular Alveoli thickening
number (days) (days)- = My. per cent SiOs cenlage' 7 lymphatics - non-fibrotic
v S .‘ ‘ : . ALUMINUM PERCENTAGE 0.5 h
647 136 0 7.5/2880 0.5 - - - +
; AvuMINUM PERCENTAGE 0.5 T0 -1.0 ‘
796 161 150 35/3890: . 08 - - - +
784 161 120 3.6/695 0.5 - - - -
77 161 - 28 42/4480 0.9 - - - -
642 206 - .0 50/990. 05 - - - -
640 206 0 5/940 0.5 - S - -
649 274 7 ) 74/7800 0.9 - - - +
641 285 187 30/3380 0.9 - - - +
631 285 120 100/11900 0.8 - - - +
638 285 127 43/8600 0.5 - - - +
633 285 81 40/6500 0.6 - - - ++
ALUMINUM PERCENTAGE 1.0 To -1.5
795 180 0 34/3110. . 1.1 - - - -
643 225 0 76/5570 1.4 - - - -
620 1244 0 70/6500 - 1.1 .. - - - -
618 270 0 70/5420 - . 13 - - - -
624 285 97 126/10200 - 1.2 - - - -

- 750 285 67 44/4070 - 1.1 - - - +
648 285 75 92/2360 14 - - - +
634 285 97 ~68/B000 1.1 - - - ++

oo . ALuoMiNUM PERCENTAGE 1.5 TO -2.0
625 222 0 " 110/6900 1.6 - - - -
619 285 97 ‘ }l20/6180 1.9 - - - +
o o ‘ ALUMINUM PERCENTAGE +2.0 '
626 164 0 190/6350 3.0 - - - -
622 171 0 " 43/1950 2.2 - - - -
- 616 285 15 - 150/6450 24 . - L= - -

*This equation actually represents the ratio of quartz to aluminum and not the true percentage. Due to
the f:chtl:,s that they are practically the same and we have used percentage throughout the paper we have

term in order not to confuse the reader.

4+ = =slight amount of fibresis.
4+  =moderate ‘¢ & - ¢ .
++4 =marked ¢ ‘¢ ¢«

++44+=massive ¢« « « :

Note.—The aluminum percentage above represents the total aluminum present.. Allowance must be made

for the average amount, present in control animals.

silicosis, oceurring first in the peribronchial and
perivascular lymphatics and later in the alveoli.
A detailed description of the pathological find-
ings is not given here as they are the same as
reported in our.preliminary paper.! .It will be
observed ‘that the aluminum content of these
lungs variés considerably. This is due to the
varying amounts of aluminum silicates known to
be present in the quartz used for dusting. No
hydrated alumina could be demonstrated in any
of these lungs by the aurine staining method
(Figs. 5 and 6).

Admaztures of quartz and aluminum.—Quartz
and aluminum pellets were ground together to
produce variable mixtures of dust in different
cages containing approximately 14, 1, 2, 3 per

cent ' of ‘aluminum, in order to determine the
minimum concentration necessary to prevent
fibrosis. The findings in these animals.are tabu-
lated in Tables VIII and IX according to the
percentage of total aluminum found in the lungs
in relation to the silica content. It was not
possible, by direct chemical assay, to distinguish
between the amount of aluminum derived from
the silicates present in the quartz, and that from
the inhaled aluminum powder. The amount of
aluminum derived from the inhaled aluminum
powder can be determined indirectly by deduct-
ing from the total aluminum content the average
percentage (0.4) of aluminum present in the
lungs of the control animals. When this blank is
deducted it will be seen from Table VIII that the



226

THE CANADIAN MEDICAL ASSOCIATION JOURNAL

[Mar. 1939

_  —  ——— ———————————

lungs of some animals having less than 1 per
cent aluminum show fibrosis. These lungs pre-

sented a striking contrast when compared with

"those lungs containing more than 1 per cent
aluminum. However, the fibrosis present in the
lungs of these animals was not as extensive as
that observed in the control animals having com-
parable exposures.

The hydrated alumina demonstrable by aurine
staining in these lungs had a patchy distribution.
The outstanding finding was the absence of
fibrosis in all areas where demonstrable hydrated
alumina was present, whereas in those areas
showing fibrosis no hydrated alumina could be
detected (Figs. 7, 8,9 and 10).

Alternate dusting with quartz and aluminum.
—The question arose as to whether it was neces-
sary to have aluminum dust intimately mixed
with the silicious dust during inhalation or could
the same objective be attained by the alternate
dusting with aluminum and quartz.” As this
would be of importance in the practical applica-
tion of aluminum dust for the prevention of
silicosis the following experiments were con-
ducted.

A group of animals was exposed for twelve
hours daily to quartz dust (20,000 particles per
c.c.) then transferred to a cage where they re-
ceived aluminum dust (7,000 particles per c.c.)
for 40 minutes. Another group received 40
minutes of aluminum dusting prior to the 12
hours of quartz dusting.

The findings in these animals are recorded in
Table IX. No evidence of fibrosis was observed
in the lungs of these animals. The dust present

in these lungs produced only a foreign body:

reaction similar to that deseribed in detail in a
preliminary paper.! The most important find-
ing was the uniform distribution of the hydrated
alumina néimaiely mized with the quartz par-
ticles. This contrasted with the patchy distribu-
tion seen-in the animals exposed to admixed
quartz and aluminum dust (Figs. 9 and 10).

PATHOLOGICAL DIScUssIioN

All the experimental evidence indicates that
the inactivation of quartz by aluminum is not a
systemic reaction but takes place only when
aluminum is closely associated with quartz in
body cells or fluids. It has been shown by sub-
cutaneous injections and ‘dusting experiments
that the minimum amount of metallic aluminum

necessary to inactivate quartz in tissues is 1 per
cent when uniformly mixed with quartz.

The method used in these experiments to pro-
duce an admixture of quartz and aluminum dust
was not entirely satisfactory. While chemical
analysis and solubility tests indicated a sufficient
percentage of aluminum to inactivate the quartz,
the size of the aluminum particles varied con-
siderably. Following recharging of the boxes or
mills most of the aluminum dust produced for a
few days was too coarse to gain entry to the
lung. As grinding progressed the aluminum
dust produced was considerably finer, the
majority of the particles being less than 3p in
diameter. We believe that this accounts for the
patchy distribution of the aluminum and the
areas of nodules containing no demonstrable
aluminum in the lungs of the animals dusted
with admixtures of quartz and aluminum, In
spite of this faulty distribution these animals
developed less fibrosis and at a much slower rate
than the eontrol animals. A better procedure to
follow would be to introduce into the cages con-
taining the quartz dust a desired quantity of
aluminum powder (-3x) from an independent
source.

The aluminum dust to which the group of
rabbits was exposed for 40 minutes daily was
produced by grinding aluminum pellets together.
This dust was constantly uniform, most of the
particles being under 3p in diameter, which
accounts for the uniform distribution of the
stainable hydrated alumina in the lungs of these
animals and the absence of any fibrosis.

At the present time we have no evidence to
indicate how long the coating of hydrated
alumina will continue to inactivate quartz in the
lung. The stability of the hydrated alumina
coating through the hydrogen ion concentration
range corresonding to that of the normal lung
tissues and the inactivation of quartz in the
dusted animals for' periods up to 17 months
indicate that it is relatively permanent. We do
not believe, however, that the factor of the per-

_ manency of. the coating is of primary impor-.
. tance. This is indicated by results obtained on a

group of silicotic rabbits exposed daily to
aluminum dust for a period of 20 to 60 minutes
and killed at intervals from one to six months.
Sections of these lungs indicate that the alumi-
num dust is being engulfed mainly by the quartz
containing ‘dust cells (Figs, 11 and 12), and that
the further solution of. these particles is pre-
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vented, halting further progression of fibrosis,
and allowing these cells to be eliminated in the
bronchial mucus.” These experiments indicate
that should the coating be gradually removed by
the lung fluids over long periods of time, sub-
sequent dusting with aluminum powder should
recoat and again inactivate the quartz particles.
Observations are being continued on the animals
remaining in the various experimental groups.

THE INDUSTRIAL APPLICATION OF ALUMINUM

The practical application of metallic alumi-
num powder for the prevention of silicosis has
been questioned.by some, who claim that an ex-
plosive’ hazard would exist if aluminum dust
were introduced into the atmosphere of a mine.
The authors prior to the publication of their first
paper were familiar with the work on the ex-
plosive properties of metallic aluminum powder
~ done by Mason and Taylor,* of the Aluminum

Company of America. These investigators
demonstrated the fact that the minimum
amount of aluminum powder required to pro-
duce an explosive mixture in air is 40 mg.
per litre (40 ounces per 1,000 cu. ft.). They
conducted further tests, using varying mixtures
of silicious dust and aluminum powder to de-
termine the explosive limits. THey found that
when two parts of silicious dust and one part of
aluminum powder were used the mixture would
"barely ignite if blown through a flame. In the
explosion chamber, using enough of this mixture
to give five times the minimum explosion con-
centration of aluminium powder, no inerease in
pressure could be obtained on ignition. Obvi-
ously it would be impossible to produce an . ex-
plosive mixture in a mine with any such
quantities as would be required for our purpose.
Experimental work has been in progress at
the McIntyre mine for some time to determine
various methods of applying metallic aluminum
powder for the prevention of silicosis. . Certain
methods have been devised whereby an excellent
dispersion of the powder can be obtained in the
underground atmosphere. By using small quan-
tities of aluminum powder, varying from 3.to
20 grams, dispersed in a dust cloud, reductions
in solubility of 90 per cent or better were ob-
tained from dust samples taken 150 to 300 feet
from the face, following a drift round blast,

having a volume of 8,000.cu. ft. These investi-

gations are still in progress and will be reported
at a later date. -

CONCLUSIONS

1. Metallic aluminum on being converted into
hydrated alumina reduces the toxicity of quartz
in tissues in three ways, (a) by flocculation; (b)
by adsorbing silica from solution ; but (¢) chiefly
by coating the quartz particle with an insoluble
and impermeable coating.

2. This coating has been definitely identified
as a gelatinous hydrated alumina, which on dry-
ing forms the crystalline alpha aluminum mono-
hydrate, Boehmite (Al,0,.H,0).

3. The alpha monohydrate and trihydrate of
aluminum have no effect on preventing silica
from going into solution.

4. Other silicious materials when treated in
a similar manner to quartz and aluminum in
water appear to be coated by the precipitated
gelatinous aluminum hydrate.

5. Under conditions as noted silicosis can be
produced in experimental animals by exposure
to quartz dust for five months.

6. No animals whose lungs on analysis con-
tained 1 per cent or more of metallic aluminum
have shown any evidence of silicosis up to
periods of seventeen and a half months, in con-
trast to well developed silicosis in the quartz
control rabbits in seven months.

- 7. In lungs having less than 1 per cent alumi-
num where fibrosis is present there is no demon-
strable evidence of hydrated alumina in the
fibrotic areas.

8. In lungs where the hydrated alumina is
shown on staining to be intimately and uni-
formly mixed with the silica particles fibrosis
has never been found, ’

9. Aluminum dust for the prevention of sili-
cosis should be of a particle size below 5 mierons
and grease-free. .

10. It should be uniformly mixed in any in-
haled dust and bear a definite percentage to this
dust at all times,.

11. To prevent silicosis aluminum dust may be
inhaled daily independently of the silicious dust.

12. The aluminum dust must be sufficiently
concentrated in the inhaled dust to provide a
minimum concentration in the lung of 1 per cent
at all times.

13. The inhalation of aluminum dust in large
quantities over long periods of time showed no
effect on the general health of the animals and
no evidence of toxicity or damage to tissues.

14. Aluminum dust 'in any concentration

‘necessary to prevent silicosis has been shown to
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be hundreds of times below the explosive con-
-centration of aluminum powder,

"It again affords us pleasutre to. record that the
. exgenmental work above described, which was con-
dycted both at the Department of Medlcal Research
and - the ' McIntyre Mines was made possible by the
continued interest of Mr. R. J. Ennis, General Manager
of MecIntyre Porcupine Mines Limited, and by the
financial support of the same company, supphed on the
recommendation of its President, Mr. J, P. Bickell.
We wish to thank Sir Frederick Bantmg and members
of the staff of the Department of Medical Research for
the facilities and cooperation extended to us in check-
ing our original findings. For the definite identifica-
tion of the hydrated -alumina coating on .the quartz
particles. .we thank most kindly Dr. Lester H. Germer
and Mr, K. H. Storks of the Bell Telephone Labora-
tories, New York City. We would particularly express
our appreciation for the -cooperation .so -generously
extended to us by Dr. Francis C. Frary, Director of
the Aluminum Research Laboratories (Aluminum Com-
pany of America), and for supplying us with various
forms of metallic alummnm and its compounds.

And finally we would record that same apprecia-
tion of. the excellent work and dependable results
provided through thé efforts of Mr. F. Bremner, Chief
Chemist: of the McIntyre Porcupine Mines, and Mr.
H. L. Collins (formerly of the Department of Medical
Resehrch) , as Wel} ‘a8 of other members of the McIntyre
staff
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THE CLINICAL SIGNIFICANCE OF A LUMP IN THE BREAST‘
By E. M. EBERTS

Montreal

HE title of this paper must conjure up at
once the malignant lesion; but there are
other swellings of the breast whlch are also of
great moment, in that they may be, and fre-
quently are, precancerous in nature. I refer to
cystic nodulatlons and to papillary cyst-adeno-
mata. There are of ‘course, too, the chronie
inflammatory swellings, tuberculous and luetic,
but in the time at my disposal I cannot touch on
these, other than to say that in a differential
dlagnosas the possibility of thelr ex1stence should
not be overlooked.

In any consideration of breast lesions 99- per
cent of one’s mental view is blackened out by
the thought of cancer. I do not expect to add
anything to your knowledge of this scourge, but,
by emphasizing again the relation between be-
nign and cancerous lesions of the breast, and by
stressing once more the importance of vigilance,

conscientious clinical examinations, early opera-

tion, and adequate histological search of all
tissues removed, I venture to hope that some at
least of my hearers may be stimulated to a de-
termination to snatch more and more of these
brands from the burning.

In 1846 Sir Benjamin Brodie! pubhshed a
paper on benign cystic disease, and since that

" *Read at the meeting of the Inter-state Post-

graduate Association of North America, Philadelphia,
November 1, 1938.

time there have been innumerable contributions
to the subject. In 1883 Reclus? stressed two im-
portant features of the disease, the multiplicity
of the eysts and the frequency of bilateral in-
volvement. In 1892 Schimmelbusch’s® paper on
“Cyst-adenoma of the breast’’ appeared, em-
bracing not only eystic disease but papllloma.
formation as well. In 1901 Paul* made the
arresting statement, founded upon eclinical ex-
perience, that the epithelial hyperplasia present
in cystic lesions of the breast not infrequently
terminated in carcinoma. Paul also said that, in
his opinion, duct papilloma (or benign neoplasia,
as it is now described) was but an advanced
stage of simple epithelial hyperplasia, and
further that this lesion was often the immediate
precursor of cancer. So far as I know, Paul
was the first to recognize the intimate relation
between cystic lesions of the breast and malig-
nant disease. Latterly Cheatle’ has confirmed
Paul’s views on this subject; and since the ap-
pearance of Cheatle’s text, ‘‘Tumours of the
Breast’’, Ewing,® whose opinion is so umversally
accepted on this continent, has written :

‘‘I have been able to confirm these observations [of
Cheatle]. . . . Itis . . . clear that chronic mastitis is a
very 1mporta.nt predisposing condition to mammary
cancer. It appears, also, from the histological evidence,
that many cancers arising in chronic mastitis do not
represent wholly new processes, but, on the contrary, are
the natural result of steadily increasing epithelial over-



