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INHALATION OF DUST
and Control of Dust Hazards

By W. C, JAMES

Safety Engineer
Pardand Cement Assoctation
Chizago, Nlinois

HE first part of this article, published in the July

issue, discusses the concentration of indurtrial
dusts and points out the harmless character of cement
dust; but the need for more knowledge about dust is
emphasized. The present concludirg part takes up
matters such as the effect of duration of exposure, and
the adoption of preventive measures.—Editor.

THE United States Public Health
Service has developed a formula for
calculating the actusl exposure in terms
of particle hours. They recommend in
Bulletin 217, “The Determination and
Control of Industrial Dust,” that the par-
ticle concentration in any area be multi.
plied by the number of hours an em.
plovee works in that area; that this prod.
uct be calculated for each hour of the
working day and that the total of these
products be divided by the number of
working hours to give the equivalent of
continuous exposure during the day.

Equivalent Exposure

For example, a man may spend two
hours a day in a conceniration of 200
million particles per cubic foot; three
hours in & concentration of 10 million
particles; one and three-quarter hours
in a concentration of 40 million particles
and 13 minutes in concentration of 1200
million particles. The man's exposure
would be calculated:

Hours Dust Particle-boury
per day Concentration (millions)
s b sand b
2 200 «0
3 10 30
F4A «© 110
L1 1040 260
8 800
Total Hours '
800 particle bours in millions per cubic foot =

8 hours
100 million particles per eu. fi. daily exposure.

Paper read before the Quarry Section of the
All-Ohio Safety Congress. May 11, 1938,
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The application of this formula in a
practical problem is appasent. If you
find, from a study of concentration and
silica content, that in two or three sreas
in vour plant atmospheric dust exceeds
safe limits, you will make an analysis of
the exposure by the P.H.S. method and
attack that point where emplovee ex-
posure is the greatest.

have been damagzed by pneumonia or
tuberculosis may develop silicosis more
quickly. We are probably all faniiliar
with the reverse of this; i.e., that a man
with silicosis has much less resistance
against tuberculosis than a man with un
affected lungs. This fact, incidentalls.
suggests one of the outstanding differ.
ences between the action of silica and
other dusts. Medical authorities state
that not only does the silicotic lesion i
the lung resemble the lesion in tuber-
culosis, the silica actually stimulates the
activity of tuberculosis and, at the ssme
time, conceals its symptoms until it is
{ar advanced. The seriousness of such 4
condition may readily be imagined. 1\
tubercular with significant quantities of
silica in his lungs may be rapidly getting
worse, yet diagnostic symploms are often
lacking. Frequently only a careful N.ra,
examination can reveal the presence of
tuberculosis in a silicotic. Mr. P. N,
Bushnell, speaking before the Metals Sec-
tions of this Congress last vear, empha.
sized the fact that the real danger from
silicosis is not silicosis at all. but 1u.
berculosis. First or even second degree
silicosis, uncomplicated by tuberculosis.
usually causes relatively slight disahility.
seldom pronounced encugh 1o interfere
with working capacity. No worker should
be deprived of an opportunity to earn a
living at his regular job because his \-

ray shows some signs of nodulation. The v

How Leng in Developing job should be cle‘med up by approiet v
How long does it take silicosis to de- engineering methods, of course. but 6i-- r
velop? The answer to such a question charge of workers who are perfectls '
must be equivocal. Much depends on the capable, simply becsuse of s non- «
physical condition of the worker. A man symptomatic condition which hysterical i
whose respiratory passages have been opinion has magnified out of sll propor- <
damaged so that dust is not readily ex- tion, is certainly not the solution of the ir
cluded by the usual protective mechan- problem. Inert dusts do not produce the *
1sm, may contract silicosis more readily 1ypical nodular lesion, nor do they cause o
than a man with normal nasal and bron- any increased susceptibility to tubercu- 1
chial passages. Also a man whose lungs losis. In the cement industry, for exar. o;
$!
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ple. onlv 4 per cent of the N-.avs of 1700
emplovees revealed old tuberculosis
lessons and 96 per cent of these lesion:
were healed or quiescent. Studies of ab
centeeism over a two-vear period. cover-
ing the majority of mills in the industry,
confirms the X-ray evidence. The mor-
1ality rate from tuberculosis of 0.07 per
1600 emplovees in 1937 is only 8 per
cent of the tuberculosis mortality rate of
0.87 per 1,000 emplosed males estab.
lished by the National Tuberculosis
Association in a comprehensive survey

in 1930.

Factors That Control

The various factors which may influ.
ence the length of time required to de-
velop silicosis. if we may recapitulate,
are (1) intensity of dust concentration,
121 proportion of free silica in the dust,
131 proportion of working time em-
plovees spend in the dusty atmosphere,
141 condition of emplovee’s upper respi-
ratory tract, and (5) condition of em-
plovee’s lungs.

In any case. it is extremely doubtful
that first-stage silicosis will develop in
less than seven years, except in the pres-
ence of active tuberculesis. Dr. Gardner
savs that for silicosis to develop in fire
vears. the exposure must be intense. The
National Silicosis Conference report, to
which we have previously referred. savs
with admirable skepticism, “There are
reports of a few cases of the disease de-
veloping in as short a period as one and
one-half years. In these instances, the
individuals were exposed 1o excessive
concentrations of extremely fine silica
in almost a pure state.” The report then
states that exposure to low concentrations
of silica may sometimes continue for
thirty years before the condition devel-
ops to the stage where it can be called
silicosis. In such cases, possibly another
15 or 20 years would be needed before
any disability would be noticed. A great
majority of the cases have had at least
seven years' exposure. Thus it will be
seen that silicosis is a very slowly de-
veloping disease, which, in the absence
of infection, is not especially dangerous.
In the presence of infection, bowever, the
picture may be different.

Control of Dust Hazards

No attempt has been made to separate
the two sections of this paper, as indi-
cated bv the title, since the discussion of
the problem is too intimately bound up
with the methods of solving it. There are,
however, some details ol prevention
which should be mentioned.

1t mizht be worth while to think about
the methods of determining dust concen-
tzations. The quick sampling, easy count-
ing devices on the market now probably
f11 a definite need. but their use is not
altogethcr an unmixed blessing. The
standards mentioned in this paper are all
based on the United States Public Health
Service's impinger technique with light
field count. It is a complex technique
requiring skill and experience to operate
successfully, but it is the standard count-
ing method in the United States and re-
sults of short<ut methods bave not been
shown 10 be correlative with it. After dust
control has been instituted and the im-
pinger technique has shown that concen-
trations are within safe limits, a simpler
technique might be permitted for periodic
checks on the efficiency of the control
system. But don't be surprised if your
counts with the simplified technique soar
way above the impinger counts The
dark feld illumination will uncover a
Jarge number of particles. apparently too
emall to have any eflect, that are screened
out by lizht field methods. The result is
similar to the effact of a strong beam of
light in a dark room. This difbiculty can
be overcome to some extent by taking im-
pinger samples and samples by the other
technique simultaneously, as soon as dust
control equipment is installed. thus get-
ting as much correlation as possible be-
Iween two techniques at the beginning.

Remove Dust at Source

A general paper of this type is not 3
suitable place to discuss the relative
merits of different types of dust control
systems. There are, though. a few prin-
ciples which can be properly mentioned.
Wherever possible, dust should be re-
moved at its source, belore it reaches the
workroom atmosphere. Methods of sc-
complishing this vary with the process
and should be decided upon by competent
engineers after a careful study. In mill-
ing processes, closed, dust-tight systems
with adequste separators and collectors
may be adequate. Water sprays are some-
times efective where they can be used.
In the quarry wet drilling is often all that
is necessary to bring concentrations down
to safe limits. Sometimes more claborate
dust traps are needed, either independ-
ently ot conjunctly with wet drills.

Scme processes are not amenable to
contrei at the source. In such cases em-
ploy ees should be required to use respira-
tors or masks of approved type. All of
these methods have their place. The right
ont for each location must be determined
by a therough engineering survey.

CONCRETE — Cement Mill Section — August, 1938

The importance of good housekeeping
can not be too strongly emphasized.
Much of the dust nuisance can be elimi.
nated by systematic, routine and thor-
ough clean-up programs. The advan.
lages are obvious. The plant is much
better looking and. in addition, the at-
mospheric dust is reduced.

Medical control is equaliv important.
The only sure way to know that a bazard
does not exist is the carelu! observation
of the workers over a period of years.
Pre-employment examinations are. of
course, also important for proper place-
ment of applicants.

Salient Features of Problem

In this paper we have presenied some
of the salient features of the silicosis
problem. We have. first of all, empha-
sized that only two pneumoconioses are
actual diseases, silicosis and asbestosis.

We have pointed out that there are
three causative factors of silicosis and all
three must be present simultaneously to
produce the disease

1. Uncombined silica in small par.
ticles. of which the most danger-
ous is probably quart.

2. Sufficiently intense concentrations
of the dust to be hazardous. This
concentration is set at five milhion
particles (light field count) of
quartz less than ten microns in
greatest diameter. if the quariz
constitules a high percentage of the
material. Studies in the cement in-
dustry have demonstrated that, in
cases. apprecisbly higher concen-
trations of quartz can be tolerated
when inert dusts, as clay or lime-
stone, are intermixed with silica.

3. Exposure by the employees over a
suliciently long period to high
concentrations of silica of the nec:
essary fineness.

The influence of silica on tuberculosis
is strong. whereas inert dusts have no
effect on this disease. Serious disability
from silicosis, especially in the first two
stages, usually results from infection,
rather than from the uncomplicated di-
scase. I the working environment is ade-
quately clean, a silicotic need not be de-
nied work as long as he is free from in-
fection and is capable of doing his job.

Medical Control 1s Important

Methods of control of the disease in-
clude pre-employment and periodic med-
ical examinations. removal of dust at
point of origin. emphasis on good house-
keeping and the use of respiratory pro-

(Continued on page 222}
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Huron Establishes Distributing Plant
at Green Bay

URON Portland Cement Company

has put into operation that com-
pany’s tuelfth packing and distributing
plant at the Leicht dock at Green Bay.
Wisconsin. Previously-built distributing
plams owned by Huron are located at
Detroit. Osuego. Buffalo. Cleveland. To-
ledo. Wyandotte. Saginaw. Alpena. Mus-
kegon, Milwaukee. and Duluth.

Cement for the Green Bav packing and
distributing plant is brought from the
Huron’s Alpena cement plant in the com-
pani’s own bulkcement lake steamers.
the largest of which has a cargo capacity
of 40.000 bbl.

At Green Bay the bulk cement is trans-
ferred to the cement company’s boat
Samuel Mitchell, which is lashed to the
dock and will serve temporarily as a
“warchouse™ umtil the necessary con-
struction and installations on shore can
be completed. The Somuel Mitchell
brought the first cargo of bulk cement
totalling 15.000 bbl. Dredging opera.
tions are enlarging the slip in which this
boat is docked. and when this phase of

the work is completed the floating “ware-
house™ can be moved further in. thereby
ensbling other boats to dock directls
back of it. 1o unload their cargo.

A cement packing machine having a
capacity of 1,000 sacks an hour has been
installed on the dock alongside the
Samuel Mitchell. From the hold of the
ship. cement is pumped into 2 stee] bin
over the packing machine, and is fed to
the packer for sacking as required, to fill
orders from the irade, the cement being
forwarded either by rail or by motor
truck. Cement can also be shipped [rom
the Green Bay distributing plant in bulk-
cement railway hopper cars, although
this 13 pe of railway rolling stock is not.
as yvet, zenerally available. Only a few
railways have supplied themselies with
such rolling stock. and they hasve only a
small number of these special cars.

With twelie packing and distributing
plants operating at ports on the Great
Lakes. the cement compans 's bulk-cement
carriers will make regular stops and un-
load whatever cement is reguired.

Andreasen’'s Method fcr Determination
of Fineness

N a report presented to the Twenty-

Second General Meeting of the Asso-
ciation of Japanese Portland Cement En-
gineers, Prof. Toosaku Yoshioks, of the
Imperial University at Kyoto, gave con.
firmation to the correctness of results
from the use of Andreasen’s pipene
method for the determination of fineness
of powdered materials.

From his experience in the fineness
determination of Japanese clayey mate-
rials for the last three years, he has come
to recognize the value of Prof. Andres-
sen's pipetle method as one of the best
¢! present methods for scientific as well
as technical determination of fineness of
powdered materials.

He tried 10 introduce this method to
the field of cement research and factory
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control, and explained about the prin.
ciples, apparatus and manipulation, and
concluded that this method would be
worth attention for cement chemists be-
cause of the simplicity of the apparatus,
easiness of manipulation and correctness.

He also mentioned a few points neces-
sary to get fair results; ie. complete
elimination of bubbles adhering to the
particles, by placing the suspension in a
vacuum vessel, placing the whole sp-
paratus into a thermostat to prevent tem-
perature Ructustions and avoid convec-
tion disturbances, and recovery of solv-
ents vhen ethyleneglycol, alcohol, etc.
are used.

The Association of Japanese Portland
Cement Engineers has its offices in the
Teikoku Building. in Osaka, Japan.

INHALATION OF DUST
(Continued from page 217)

tective equipment where remosal of dust
from the atmosphere is not possible.

Tt should be emphasized that control.
especially enzineerinz control. of the
silicosis hazard is the phase of the prob-
lem that is of greater importance to those
of us who are interested in the practical
-uethods of eradicating the disease.

Or. A. A. Riddell of the Ontario De-
, srtment of Health, whose work in the
zold fields of Ontario has won for him
an international reputation, put the prob.
lem squarely up to the engineers when
he said: *Silicosis is an occupational
disease declining in importance. Its pre.
vention is not a medical problem. As it
occurs exclusively through the inhala.
tion of dust containing silica. its preven-
tion depends on the eliminaton of dust:
industrially produced. This is a problem
for the industrial engineer. Engzineers
have met the problem so energeticalls
and with such intelligence that the occur-
rence of silicosis in many operations now
considered hazardous will cease entirel:
during the neat fifteen or twents vears.”

Heats of Hydration
and Transition of
Calcium Sulfate

EATS of hydration and transition

of calcium sulfate are discussed in
a detailed report by Edwin S. Newman
and Lansing S. Wells. published by the
National Bureau of Standards as Re-
scarch Paper RP-1107, snd appearing
also in the June (1938) issue of the
Journal of Research of the National Bu-
reau of Standards.

The heats evolied in the hyvdration to
CaS0,.2H.0 at 25* C. of Ca50,.1/2H.0
prepared by treating gypsum with steam
in the autoclave, and of CaSO, pre-
pared by heating gypsum at 1.000°
C.. have been determined and found
to be 4,100 plus or minus 30 and 3.900
plus or minus 20 cal/mole, respec-
tively. The heat evolved in the hydration
to CaSO,2H-0 of soluble anhydrite pre-
pared by dehydrating gvpsum at 75° C
is not less than 6.990 cal/mole. Durine
the progress of this work no indications
were found of more than two anhydrou:
forms of calcium sulfate; soluble anhy-
drite. and s modification formed rapidly
a: high temperatures, the latter being
identical with naturs! anhydrite. The
heat evolved in the transition of soluble
anhydrite to natural anhydrite is not less
than 3,000 cal/mole.
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