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425 Notth Michigan Avenue, Chicago 11, I

Industrial Dust

1. The literature on hazardous ef-
fects of dust is so extensive that no at-
tempt has been made here to cover the
subject in all of its ramifications, but
to assemble only the outstanding data
on several of its aspects. This pam-
phlet is intended for employers, plant
safety engineers, personnel managers,
and supervisors generally. The subject
ha: been approached from the prevention
angle, giving general information on oc-
cupational diseases caused by dust and
on methods of control. No reference is
made to the economic and legal aspects
of dust diseases in industry and none
of the uncommon dusts as; for instance,
mizht be found in the pharmaceutical
industry, are discussed. There is a_short
section on dust explosibility.

Physiological Effects of Dust

2. The inhalation of dust may pro-
duce different types of reactions in hu-
man beings: :

a. Pneumoconioses (silicosis and asbes-

tosis) which result in specific lung
patholog=. Silicosis increases suscepti-
bility te tuberculosis.
The systemic reaction caused by such
toxic dusts as lead, radium, man-
ganese, cadmium and mercury com-
pounds, when either breathed or
swallowed or possibly absorbed
through the skin.

A transient disorder known as metal
fume fever, from the inhalation of
finely divided metallic dust or fume
particles such as zinc oxide.

d. A reaction, allergic in nature, caused
by breathing orgunic dusts such as
pollen, flour, certain pulverized woods.

e

e. An increase in bronchitis and other
acute respiratory infections by breath-
ing inert, non-fibrosis-producing dust
such as coal, emery, limestone, marble.

3 In each of the above cases, the
inhalation of dust can he the sole cause
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of disability. With the toxic dusts,
trouble may result from swallowing or
more rarely from skin absorption, as well
as from inhalation, Inhalation, how-
ever, is by far the most important
means of absorption of industrial dusts.

4, TIrritation and ulceration of skin
and mucous membranes may be caused
by such dusts as lime and chromium
compounds.

Pneumoconiosis

5. Zenker applied the name “pneu-
monoconiosis” to the various changes in
the lungs caused by the inhalation of
dust. The term has now been shortened
to “pneumoconiosis.” It represents
three words from the Greek, which mean

Figure 1,

Light fieid methods.

Dust wounting by standard
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“lung,” “dust” and *abnormal condi-
tion.” The present generally accepted
meaning of the word involves the con-
cept merely of “dusted lung.” The kind
of dust inhaled determines the type of
injury noted in the lungs. However,
there is one pathological process which
underlies lung disease caused by dust.
This consists of a f.brosis or a replace-
ment of the elastic tissue of the lungs
by an impervicus wcar tissue.

.- 6. Research on pneumoconioses has
been carried on in the North Amerizin
continent more actively in the past
decade than in any other period. The
hysteria with regard to silicosis and
other occupational diseases has now
largely subsided, and the subject ix be-
ing more carefully considered and more
soberly judged.

The Problem

7. Modern manufacturing methods
are, in many instances, creating consid-
erable dust. Much of this dust is often
released in the immediate area where
men or women are working, and this
fact compels a practical solution of the
problem.

8. The first step in the prevention of
injury to health by dust is the control of
its concentration so that workers will
not be exposed to injurious amounts. In
order to obtain wide spread control of
dust throughout industry, it is necessary
that information be deveioped and dis-
seminated on the eifect of various kinds
and amounts of dust to which workers
are exposed.

Origin and Properties
Physical

9. Dust is formed by reducing solid
materials to small sizes. Processes like

National Safcty Council.
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“h‘l pocuaatic . Neitber
soatrol Doy rexpirator has been pro-
vided Right: The with

grinding, crushing, blasting and drilling
produce dust panicles of sives from the
microscopic to the visible, their eomposi-
tion being the same as that of the parent
materials If not sltered chemically dux-
ing the subdivision. Frequently the

pereantage of soime bard minersl sach as

examples are the mineral or inorganic
dusts desfved from the disintegration of
tock and the organic dusts ke wheat
snd flour, )

10. Smoke from buring carbonace-
ous fuels—coal, oil, wood, etc.—con-
tains droplets as well a3 dry particles.
“Tobaceo, for instance, produces & wet
smoke mposed of minute tairy drop-
Tets. The particle size of tobacon smoke
is about 0.25 microns.

‘When z 20tid 12 broken intn fine-
ly divided particles and relessed in the
air, one of the important chaages that
take place is that the space occupied
by the broken material and also the sur-
face aveas mre incressed many times
from thai of the original mass. For ex-
ample, if one cc. (061 ot in.) of quartz
is crushed into particles one cubic
micron in size, there will be 10° (1,000,
000,000,000 or one uillion) particles
with total surfzce arems of six square
meters (9300 3q. in.) a3 compared with
six square centimeters (.93Q sq. In} for
the original block. If we adsume & dust
voncentration of 100 miilicn particles to
aach cubic foot of air, the one ec. of
wmaerial will otcupy an air space of
10,000 cubic feet,

12. \With the exception of such fi-
brous toaterial as asbestos, the dust par-

smaller than 10 microns

{(dne wmictng equaly onc twenty-Gfth
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thousandth of an inch) in their longest
dimensions in order to enter the inner
recesses of the fungs where the damage
is cauged., It was formerly belicved that
the hardness and shapness of quartz
Particles were deciding factors in the
injurious propertica of diust, but this
view has boca generally disproved. (See
paragraphs 20 and 29). Hay fever and
other allergic types of disease from or-
ginic dusis or larger particle sizes can
be caused by breathing particles into the
nosc and not baving them tcach the
hmgs 2t all. Ragweed pollen is from
18 ta 25 microns in diameter.

1), By comparison a healthy red
blood czil is about 7.2 inches, and a
white ¢2fl up to about 16 micons, A
person with hormal eyes caa sec an ob-
ject S0 microns in diameter.  However,
the refiection of light from a shiny par-
ticle of quartz may be seen when the
partcle is as small 35 20 microns in di-
ameter, It i 10 be raalized, therefore,
that individual dust pariicdes zmall

1o reach tung Ussue are essen-

enaugh
tially invisible to the naked ey

14, meymuhfmuy;i
changes such a3 xinc oxde, formed when
buming zinc vapors srise from molten
brass, or lead occurting in the exhanst
of a motor aar bumning gasoline contain.
ing tetra-ethyl lead.
Chemical

15. The chemica) and soinerslogical
makeup of the dust are the deciding
factors In Its Injurious

5t bas been shown that sili-

can diaxide ({ree allica) In the form of
quartz may produce x disabling Sbrosis,
whereas Nitile or no fibroala ks produced
by the equally bard and sharp comnered
sluminum oxide {(emery).

Classification of Dustcs
16. The following classification of

Figare A Cirunive wielacer o newra o
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dusts, according to their physical char-
acteristies and physiological effects has
been arranged by Dr. R. R, Sayers: /

\
QRGANIC DUSTS

A, Non-Living Qrtganwe Duin

A the mame implics, these are com.
prised of won-viable particles which may
o¢ mayr not be cither laxic or irritant,
buc neverthelens have eficet on the human
organism.

1. Texic or [rrilomt Dustz. “These
are organic dusizs which produce un.
teward zymploms cither tystemic or Jo-
cal. Thowe producing locsl symptoms
are described as itritants, while those
producing gencral symptoms are t:rr-cd
toxic. A dust vazy be bath toxic and irri-
tant. ,

2. Allcrgie,

{Sce paragraph 59.)
B. Living Organic Dusry

These dusts contain pacticles capable
of vcwodumu or nu.luplmnon. such
as bacteria uod furgi, They arc usualty
found in low concentrations and ssse-
crated with son-diving dusts in the air.

i Bumw. One of the most im-
portant is the asmthizz bacillus, which is
{oend in the dusts from sidns, furs, wool,
and acimal bair, horas, boofs, bones, etc.
Diphtheria, taberenlosis, typhoid and other

)
\

bacillus-produced  diseases gy result |

from exposeore lo infected dusts  Bac-
terialgensitized duost can slo be the
cause of allergic discaset, a3 asthrma,
hay fevesr, ¢ccretoa, migraine headsches
ctc.

2. Fungi. Dusit cootaining parasitic
fungi may catse wmoyarce goud dnc.om
for.. Monld on straw, hay, grass,
table dcbris B Yl of this trpf.of d\m.

< Ioorganic Dunts

Ntut l;‘:;o(m:'aonm‘ ;:\drc-
quiring a living organism uee
them. Many durts mot ofsssed m3 taxic
come voder this chessification. Clasxified
under Inorganic sre toxic and/or irritant,
fibrosis-producing and npa-Ebrosis-pro-
ducing dosts

1. Toxic end/pr Jrvisant. These are
inhcrently texic whea imhaled, ingested
o7 otherwise abaworbed. Among them gre
the dJuats from heavy metals and their
compounds, such as kad, mcrcury,
arsenw, cadmiam, WK,

TX/RX NO.1994 P.009
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2, Fuwvara ~ Praducimg  (lusts, The
mait impartant of these are the inor.
ran, shghtly soluble dusis, which cause
Sbrasisy in the tungs, of wiicle auarez is
the suistanding cxample,

3 NoaxFibragg = Producing Duatas.
These are inert, and by themselves el
dam if ever caure Abrous tissue, bat may
be free in the tissues or be absarbed.
Included 3cc  aluminue  oxide, eoal,
Corwndum, cmcry, limecstone, magnesit
marble. plaster paris, polish of rouge, «tc,

The Respicatory System
Recention of Duse

17. Io the buman respiratory sys-
tem, there are complicated maist pass-
ages, on the walls of which dust particles
will stick. Also, the nose contains halrs
which catch some dust. However, the
respicatory system can become over-
loaded with dust, and when this hap-
pems, the dust catching mechanism
{functions poorly.

18. C. £. Brown bas estimated the
average amouht of dust & normal man
will retain.  Breathing at the rate of 20
tespirations 2 minute, for example, be
will inhale abaut 10 Hters a minute sind
retain 60 pet cent of the inspired dust
It s estimated that the reten-

on of common silicz dust is about 50
ser eant, but the way this dust may be
fivided between the upper and Jower
‘espiratory passsges has not been clear-
¥ defined. Drinker has observed in the
ase of matal fume fever that slow, deep
weathing, possibly five or six breaths a
alaute, is much more lkely to produce
; fever than the novmal vate of about
5 beeaths 2 minute. This is supposed-
y due to the higher retention of dust re-
ulting frotn deep breathing. However,
re cannot select by any known exami-
ation the men best suited o dust ex-
osure, although some men show them-
elves obviously unfitted for dusty at-
nospheres.

19. ‘The way in which dust particles .

re removed from the respiratory tract
as been described hy Dr. A, E. Basclay,
iritish specialist on X-ray. The bronchi
T respiratory passages, are covered with
number of tiny, hairlike «¢ilia or mi-
roscopic whip lashes. These ciliz make

fast stroke in one direction and a
ower return stroke, They cover the
assages leading to the lungs, and all
eep in time with each other. This tends
s push any foreign particles of dust up-
ard in the direction in which the cilia
tnd. so that the particles may be ex-
sctorated. Dust particles which reach

1e inner recesses of the lungs are also |

ID:1-903-645-5228 AF
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removed Ty meins of dust valves

(phagocytes) which ingest the dust par-
ticles and carry them 1o a system of fne
drainage canals Galled the lymphaties.,
Both' the cells and their contents are
transported through these canals to ted.
imentary reservoirs known as lymph
nodes. -~

Sizes of Paricles

20. Microscopic dust particles are, .

of course, attracted by gravity, but be-

cause of the high resistance of the air,

the smaller dust particles settle sut more -
slowly. The settling motion of a dust

pardde through stll air will vary with

the size and shape of the partice.

21. In order that dust pasticies
be inhaled, they must be semall encugh
to float about i the air or be earried
by air cwrents. Xt has been shown by
reseavch that st particles must be
stmaller than 3 microns in diameter 10
cause slicosis. However, since all at-
mospheric dusts include a majocity of
particles smaller than this sizz, the par-
ticle size distribution of dust in the air

R 17798

Figare € Grouvod silica dumped oo

he of a . N -
closed coaveroe crbuen hood wad the e
of an approved respirstor by the operator.

fibers are the cause of the physical irri-
tation resulting in achestosls,

i of “dust- re-

Ahe greater ‘Wil be the “parcentale’ of
partiches.

is of little significance. McCrae sbowed . iy,

that 70 per cent of the particles in sili-
colic- ungs were found to be less than
one micron and that the larpest particles
did pot exceed 10.5 microns im - their
greatest dimensions.  Results since ab.
tained by other investigators have
secved to substantiate this comparative-
ly early statetment

22, In siticotic Jungs, dust particles
under 3 microns greatly outnumber those
of latger dimensioms. Some have be-
licved that the bhuman tespiratory
mechanism is responsible for this size
grading. It must be realized, however,
that considerable alze grading is done in
the =ir before the dust ‘comes into oon-
tact with the respiratory organma.  An
excess of small particles may be found
in the Jungs simply because smaller par-
ticles remain suspended Joager and in
greater amounts.,  Particles above five
micrans will not remain Aoating in the
air for any great length of time. The
air cells of the lungs are large enough to
admit particles possibly wp to 200 mi-
crons in length. However, acrording to
Clark and Drinker, the most represen-
tative particle size in the lungs of men
who have died of silicosis is one micron.

2%a. Fine asbestos dust particles
have been shown te produce. only the
inert reaction on the lungs characteris-
tics of other silicate dusts, It iz con-
sequently, belicved that “the asbesios

04/17/98 11:23

24. Neither vwpper por lower size
1imits bave been saggested for toxic sub-
stances, as lead, ete. It I the opinlon
of Drinker and Hatch that no physio-
logical size limits exist (or these sub-
Aances.

Silicosis
25. Undoubtedly the most important
kind of lung disease caused by the in-

halation of dust is thy which has been
named “silicosis.”
Definidon

26. Dr. Gardner's definition of sili-
cosis Is as follows: “Silicosis is x chronic
disease of the lungs resulting from pro-
longed inhalztion of fine particulate ail-
ice. It is manifested anatomically by
jormation of sharply defined fibrous
nodules not over four 1o six mm. in di-
ameter, which in most cases sre uniform-
1y distributed throughout ali portions of
both lungs: and dinically by a paucity
of symptoms and physical signs that
usually appear conly in the late stages
of the disease and by a tendency to be-
come complicated by tuberculosis. In
some cases, nedulation is concentrated
in certidn parts of the Jungs, in which
cases svmptoms may be marked.”

27. The Internatiopal Silicosis Con-
ietence in 19310 defined silicosis 33 2

TX/RX NO.1994 P.010

9:21 No.003 P.10




cate dusts are inert and do not cause
the characteristic nodulation produced
by free silica. In addition to the animal
experimentation, men who are exposed
to silicate dusts containing no free silica
have been x-rayed, and in a number of
cases there has been opportunity for
examination of their lungs. The nodular
appearance on the x-ray and the actual
nodules on the lungs, both of which are
characteristic of silicosis, have not been
found when exposure has been limited
to silicates. Gardner has stated that
evidence so far available indicate that,
where a disabling Jung condition is
alleged to result from exposures to sili-
cate dusts (other than asbestos), there
is either an unsuspected presence of free
silica in the dust, the victim -has had
a previous undisclosed exposure to free
silica dust; or there has been inadequate
interpretation of the x-ray. On the
other hand, Dreeson et al. have reported
pneumoconiosis in workers exposed to
high concentrations {150 million par-
ticles per cubic foot of air) of clean
washed mica. Greenburg and his co-
workers found fibrosis associated with
such symptoms as dyspnea and chronic
cough in 14.5% of 221 tremolite talc
miners and milters. These men were
all employecs of 10 or more years ex-
posure and the reported dust concentra-
tions are as high as 1300 million par-
ticles per cubic foot of air. In two
mines in this area, Gardner had found
quartz ranging from 12 to 20 per cent,
but in the mills, where all rock is mixed
and crushed, the dust showed low quartz
percentages both in Gardner’s studies
and those of Greenburg. This subject
of the possible action of silicate dust
on the lung tissue is bheing further in-
vestigated, and any  indications that
certain silicate dusts may be causing a
disabling lung condition should be
given thorough study before conclusions
are reached.

Mixed Dusts

37a. Where free silica is mixed with
other dust, the greater the percentage
of free silica, the less the dust exposure
required to cause silicosis. Since some
dusts such as gypsum have an inhibit-
ing effect, there is an increasing tend-
ency to evaluate the extent of the
hazard presented by mixed dust on the
basis of the individual dust exposure.
More data are constantly being ac-
cumulated on the actual effects of vari-
ans tvnes of mixed dusts,

INDUSTRIAL DUST

Figure 6. A tumbling barrel used for finishing small castings. The barrel is in oper-
ation, but note the absence of dust due to a good exhaust system.

Asbestosis
BREY ST e TN

38. Asbestos is the only silicate at
present recognized as causing pathology,
and even its reaction is definitely differ-
ent from that due to silica alone (Drink-
er). Its behavior is the exception to the
rule that silicates are inert, at least in
uninfected tissues. Asbestos, when in-
haled, produces fibrous tissues in the
lungs of both men and animals. As-

bestos is made up of hydrated silicates.

of magnesium with variable amounts of
iron, calcium, sodium, potassium, and
aluminum replacing portions of the mag-
nesium. The property common to all
of this group is the fibrous structure.
It has been shown that the presence of
fibers of asbestos are necessary for the
production of ashestosis and this fact,
coupled with the observation that fine
asbestos dust is analogous in its inert
reaction on the lungs to that of other
silicate dusts leads to the conclusion

that asbestosis is the result of physical

irritation of the lung tissue and not of
chemical action as in the case of sili-
cosis.

39. Tollowing a study Dby The
United States Public Health Service of
the ashestos textile industry, it has been
recommended that the dust concentra-
tion he kept at lewe than 5 million par-
ticles per cubic foot of air if ashestosis

is to be avoided. The use of a standard
based on the nweher of fine particles
result from.the use of dust determina-
tion technique developed for the study
of silica dust exposures. Although fu-
ture research will undoubtedly set up a
standard based on the number of as-
bestos fibers in air, keeping the fine
dust at less than the suggested standard
will keep the concentration of injurious
fibers within safe limits,

Infection

40. In the opinion of most investi-
gators, the factor of infection is most
important. It has been observed in
guinea pigs with chronic pneumonia
that in an infected area which developed
before exposure to dust, the local
branches of the lymphatic system were
not so efficient as those in the rest of the
lung. Silica inhaled into tissue thus
damaged appeared to accumulate in un-
usual amounts,

41, Since men with silicosis are more
susceptible to tuberculosis than are
normal men, there is often an excessive
incidence of tuberculosis among such
workers. Usually disability and death
of a silicotic, when due to pulmonary
conditions, results from the complicat-
ing tuberculosis. Vor thiz reasen, it is
expecially important to have a re-em-

A B R e
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“pathological condition of the lungs dur
»o the inhalation of free silica (5:10,}."
Other zuthorities bawe given various
dehinitions. That given by the American
Public Health Association includes the
statement that silicosis is “a disease due
to breathing zir conuaintng silica.™ Say-
er3 and Jones at the Saranae Symposium
on Silicosis o 1935 stated that, YFrom
the viewpoint of etiolagy, the barmiu).
nexs of 2 given dust containing free sil-
ica is directly influenced by the number
of particles of free silica less than 10
microns in diameter that it contains.”

Facrors of Influcnce

28. Silicesis becomes noticcable alter
widely diflering periods of exposure o
silica dust, apparently depending on:

2 The amount of dust inhaled.

h The percemtage of Irec silica eon-
tained therein.

. The size frequency, or fincmess of the
particlen inhaled,

d. The nature snd source of such pilicr
rabstances  (including wvapors  amd
gater) as smay be inhaled simulianc.
ously or otherwise,

« The powers of resistance of the indi-
vidas! concermed.

f. The presence or abience of 3 comy
cationn by an infective process.

& The presence of complicating condi-
tions such as high temperatures or
humidity, and un{avarable postures

Physiological Effiects

29. 1In easlier years it was believed
that the physiological action of quartz
on the lungs was Giused by the hardoess
of the material. In fact, it was claimed
that men who worked on sandstone were
harmed pot only by the silica particles,
but also by shanp bits of steel, These
Ideas were contradicted .by Dr. L. U.
Gardoer, of Saranac Laboratory, who
showed that silicon carbide and fused
alumigum oxide, botk of whick are
harder thin quartz, bad practically neg-
ative physiological eflects when inhaled.
Dr, Gardner also showed that dust from
the diamond, the hardest substance
known, was practically inert when in.

o

30. Silioosis is considered in three
separate stages by medical aunthorities:

First Sage: The dizease here pro-
duces no disability and docs no apprecia-
ble hayrm. The aflecied man ean carrey
on Ris operations a3 wel as ever.

Second Stage: Respiration is aflecizd,
The wictim msy be bothered by Jabored
breathing.

“Third Stage:

I

Thix stage mav develarp

ID:
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foloswing the sceomd wiape eves: or sli
veenm liae been remaced feans the dants
aimospberc. Here labewed breathog he-
comes ~eveee aud 1he dhpured perenn s
suscept:ble 1 pulmanars  erenbaae
frequesily wuh Tatal ge<oiis The work:
Troat now far below wgrmgl, omd g qusesg.
ble victm Vo reapirainer Jdreenaa -

3t.  Silicotis may be detecied by X--
ray in each of the three stages. How
ever, N-ray appearances alone are not
sufficient for a diagnosis of tilicosis. Tha
complete occupational ang medical hie-
tory of the emplovee should be care-
fully evatuated and relared 1o the N-ray
findings before a conclusion iz reached.

Figuee 3. An aviomatic bag loader bun-

dling finely powdered silica dust. An

effegtive local exhaust system i3 in aper.
ation,

32, From most industrial experience
the davelopment of silicosls may not be
anticipated short of five years. A few
cases have bean claimed 10 develop in as
shart a pericd 35 one and one-half vears,
but these were under extieme and on-
wial conditions. Thete has been evi-
dence that alkaline materials, such as
soap powder, scuelerite tbe develop-
ment of silicosls, bot this bas ot been
substantated in recent experience.

33, SDicosis is a disease of which the
victim may be unaware in the carly
stages, Its development Is usually slow
and unperceived. Inarmuch as silicosis
cannat be cured by amy means ye&i
koown and in its advanced stages is
{requently complicated by tuberculosis
or other infections, the imponanze of
prevention is apparent. Alwo, in many
industries, new developnientz  have
greatly increased the dust outpur. In
granite stone cutting, for instance, and
in rock drilling, dust produttion in.
creased tremendously with the intraduc.
tion of pncematic tools,

34, Aen with early fimat rtap b

04/17/98 11:23
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cosis, in the opinion of the Saranac 8ifi.
cosis Symposium, are oot disabled aad
are not 2 menace to their fellow em.
mloyces. The fact thay barely percept;.
ble X-.ray change s wvisible & not
grounds for assuming disability, since
most persons ovet 40 show some chest
changes regardiess of dust inhalation,

Action of Silica on the Lungs

3S. The theory of the actian of silica
on the Jungs is as follows: Where quartz
dust is inhaled and is passed through the
upper respiratory tract, it reaches the
terminal air sacs of the hmgs where the
cxchange of gaces between the blood and
air takes place. A this paint, as the
dust is a foreign malter, it is ingested
by what are known as “scavenper™ cells
which carry it through the walls of the
air sacs {o the lymph dminage canals
located outside the air sscs. This re-
sults in a rapid increase of tissue cell=
which narrows the lymphatic channel,
bampering elimination, a5 it is aleng
these canals that foreign substances are
removed.  Also, when silica is being re-
moved, the partick may kill the scaven-
ger cell by which it &= being transpocied,
with the result that sll dost particles are
not removed from the lung. Jostead,

they may remain slong the course of the ™

drzinage canal. Apparently, these small
pariicles of silica dust wre toxic in this
location and the tissue cells in the im-
mediste vidnity are altered 3nd re-
placed by what is known as scar or

fhrous tissue, The ultimkte pesuit is -

larger areas of tissue or hung volumes in
which capillary sction is defmitely re-
doced o which a- pormal ex-
change of gases between the iood and
inhaled afr cannot take place.

36, As the Inbalation of ailica ©op-
tinues, the amount of fbrous tixsue will,
of course, increase, with the ultimste re-
sult that the lungs will ot readily oxy-
genate sufficient blood for the, body
need. ‘This produces 3 shortness of
breath in the aflectea mdividual in pro-
portion to the amount of scar tissue in
bis lungs.

Free Silica vi. Siliates

37. With the exception of asbestosis,
the silicate dusts have not been shown

to cause a disabling lung condition such |

as is produced by free silica. Experi-
ments conducted both by causiog ani-

als to inkale dust over a long period
‘of time and by injecting dust sn tbeir
peritonex! tistuer have hown that sili

TX/RX NO.1994 P.012
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othcr componenis of ¢ement null dust
stem 14 Rave protecied all other pecs
sans Sinvlacly exposed, (hese elated
wdividuals apparcoatly rescicd hocaude
ot abneriasloin s poconboge gee dlocmias by =
Althouel o o2 Laower (hat jaroatstivg
actigen bwoarnes doea G fective uv the
FeIALIVE ARt el sedacy e e dvest
increase, the himits rd taloratson iace
not been Jehned. Thercfore, the limit
for silica particles leas (han 10 mictons
wn diameter ar the breathing sane was
achitrarily sct at five million partscle
per subic jont of air as dgtermine! by
e United Sigges Public Mealihe 5oz -
e sranulaed bl field coqung,™

Toxic Dusts
Breaching vs. Seallowing

$Z. Generally, workers may be poi-
soned by toxic dusts much more quickly
through inhaling them than by swallow.
ing them. Dust swallowed with food
gots into the stomach {rom which the
major part of it is directly eliminated.
Sotne may be picked up in the blood cir-
culation and then moved on to the liver,
The lives, bowever, is an effective filter
and detoxifier, and it is only the poison
that gets beyand this point that eaters
general circulation. On the other hand,
dusts that reach the lungs can pass di-
rectly inte the blood stream, to the
heart and then to all parts of the body.

53. Alice Hamilton, in “Industrial
Toxicology” (Macmillan Company)
points out the distinction between the
two ways jn which poispnous dust can
be taken into the body in the following
paragraph—"A great deal of money
has been wasted by well-meaning em-
ployers who sought to protect lead fur-

Figuee 8. View in 360 it fsamdne shaaw -
ng heack ‘-_I:lu'c-'sﬁg;‘-ﬁ:w‘uq temmtdn

INDUSTRIAL DUST

nacemen,  white lead prindees, et
apanst  posoning, by providiag bath
and lunch rooms, clean overalls, mouth
washes, and such, instead of proventing
the escape of leadl inte the air thy men
were ubliged 1o breathe, Uniortunziely
this hay sometimmes been done under a
physician’s advice. It must never be
forgotien that the great majority of in-
dustrial poisons enter the body with the
inspired air and that while a workman
eats only.three times 2 day, he breathes
16 times a minute during the ¢ight or ten
hours of the working day.”

54. Numerous authotitics give evi-
dence that there is far more danger of
being polsoned by inhaling toxic dusts
than by eating thern with food or taking
them in bgquids. But all precautions
should be taken to prevent toxic dusts
{rom entering or even coming into direct
contact with the body.

Lead

35. The practical problem in con-
nection with {cad polsoning is the pre-
vention of seriows lead exposure, The
probiem consists of two phases: one, the
determination of the limits of sale ex»
posare, {see paragraph 68) and, two, the
reduction of jead exposure below these
Yimits, .

$6. We must recognine bowever that
lead it & hormal constituent of a living
animatl and that there is a level of lead
abtorption which is safe. Lead inioxi-
ation and lead shsorption can be pre-
vented by engineering mthods.  (See
Health Practices Pamphizt No. 3 and
Salety Instruction Card No. 116 on this

subject.)
Meul-Fume Fever

$£7, Metal-fume fever may be onc of
the results of breathing dust {rom metal
sources. This malady wsually follows
contact with 2 beavy concentration of
magnesium oxide, copper oxide, lead,
tinc oxide, and possibly lesd oxide and
manganese dioxide.

$8. ‘The symptoms are chills fol-
lowe:d by & malaria-like fever which usu.
ally passes off within 24 hours, allowing
the workee to rettn to his joh on the
following day. The first attack usually
immunizes the victim sa that sttacks are
rut experienced consecutively.  How-
ever, alter a lay-off or an absence from
contact with the dust, a further attack
it likely, Slow, deep breathing, accord-
ine to Drinker and Hatch, scems to
hicing abaut the symptoms mare quickly,

04/17/98 11:23
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Figure 9. Dust collecuor units maone
wa the noaf.

Allergic Discascs

59. Conditions arising from allergic
disturbances of an occupational origin
are coming more inte prominence, from
the compensation peint of vicre.

€0. Perors xaid 10 be allergic are
those who are particularly susceptibls to
certain substances with which they come
in contact. These substances may in-
clude foods, drugs, and vapors and dusts
of vatious kinds. A wide variety of
substances may, therefore, be responsi-
ble for allergic reactions in various in-
dividuals, which substances may have no
efiect on others or, in some cases, may
even be of positive benefit. The types
of reactions experienced by affected in-
dividuals to given substances may also
vary greatlyboth in nsture and in de-
gree. A single substance may, in one
case, cause intestinal dixturbances, in
another case develop asthmatic attacks,
and in a third case cause a skin eruption,
St another person may be affected in
all three wxys.

61, Drusts of various kinds sometimes
cause aitacks of ssthma.  Asthma may
be suffered by stablemen from exposure
to ‘horse dinder snd by furriers from
exposure to fur dust. Other persons
aannot work near animals or, in facy,
keep pets or sleep on feather pillows
without suflering acwtc attacks. Hay
fever is anothee type of reaction to dust
ot the pant of ceetain individuals. These
dusts are frequently in the nature of
polien, as from plants. Hay fever, it is
claimed, bowevet, may alsa be caused by
other types of dust. In any event, the
precise manser in which an allesgic in-
dividual may react to & substance to
which he has become sensitized cannot
be predicted

2. Many belicve that allervic ane
ivi . with their partirslag
dividuals are _harm with | m :

P.013
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ployment and periodic x-ray program

amnong workers ¢xposed to silica dusi.

42, Gardner states ay follows: “Ay
the presemt time the treatment of wbher-
culosis in silicotic subjects is comparable
10 that for ordinary consumption 50
years ago. The prospects are far from
hopeless.  Silicosis is gradually being
brought under conrol. The time is not
far distant when dangerous concentra-
tions of silica dust will no longer be per-
mitted in American industries.  Periodic
examinations of those aiready emploved
will detect new infections in persons
now silicotic.  Prompt institution of
treatment will eliminate ‘most of the
hopeless cases of silico-tuberculosis. Pre-
employment examinations will insure
placement of men in positions that they
an fill without damage to their health.”
Cont Mining

43. Anthraco-silicosis is a term used
for a form of prcumoconiosis commeonly
ealled “sminecs’ asthma” According to
Public Heslth Bulletin No. 221, “An-
thraco-Silicosis Among Hard Coal Min-
ers,” Rt is a chronic disease due o
breathing air containing dust generated
in the various processes Involved in
mining and preparing anthracite coal.
Tt is characterized anatomically by gen-
eralized fibrotic changes throughout
both lungs and with the presence of ex-
cessive amounts of carbonaceous and
siliceous materials,

44. Symptoms found in early stages
are shortness of breath, cough, pzin in
the chest, and possibly physical wesk-
ness. In the advanced stages of the
disease there Is Yoss of weight and de-
crexsed capadity for work, due parntly to
mulmonary Infection.

45. 1In studies conducted by the
United States Public Health Service in
Pennsylvania, no cases of anthraco
silicosis were found in the controlled
group of hard coal mining employces
whose dust cxposure averaged less than
five million particles per cubic foot of
air. However, the prevalence of an-
thraco-silicosiz among tbe entire group
ol employees was found to be abaut 23
per cent.  Among all except rock work-
ers, lexs than two per cent of the men
were dffected when the duratiun of emy’
- ployment was less than 15 years, regard-
less of the amount of dust in the air.
Among rock workets, who wete exposed
10 dust averaging 35 per cent free silica

ID:1-903-645-5228
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ried from 10 to 72 per cont depending
on length of exposure and dust oncen-
tration-—the higher percentages of in-
adence being found among workers ex-
posed more than 25 years 1o concentra-
tions greater than 300 million particles
per cubic {oot of xir,

46. According to A. E. Russell, the
disability rate among anthracite miners
from respiratory tuberculosis is sbout

wedhod of
rrucks sod suxiliary collecring
sext,

dun
equip-

414 (imes the rate for general manufac-
turing. The pneumonia yate is less than
one-third of general manufacturing.
Bronchitis, bowever, is a rather common
complaint.

47. 5. L. Cummins and S. F. Sladden
conducted an examination of a large
numbar of ¢oal miners’ lungs in South
Wales, As a result, they made the
statcrpent—“Coal s retained in large
amounts snly when there is a really high
silica content.” They added, “We be-
lieve that in the absence of the silica
factor, there would be, under modermn
mining conditions, no serious degree of
anthracosis.™ E. L. Collins and ). C.
Gilchrist have ¢laimed that workers wha
have had considerable experure in trim-
ming coal ships where there is practi-
cally no silica exposure, but nevertheless
a2 very heavy dust condition, showed
same fbrosis which, however, was not
considered disabling,

45, A study af 2500 [wet-martem
exgminations made in Pitchurgh hos-
pitalz shows that ity air which may
contain an unusuzily Jarge amount of
toal dust may cause lngs to become

darkly pigmented but .vet produce ng-"

patholagy of imporiance other than per-

04/17/98 11:23
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monia, broncnills and similar Physical
ailments.

9:25 No.003 P.14

49. Also, Dr. Greenburg reminds us{

that thete is an imponiant faclor other
than the one of eovironment, which is
that of individual susceptibility. in.
~ostigators have noticed that men work.
ing in the same plant, a¢ the same tast:
and in the same work place, frequently
do not develop silicosis to the same de-
gree. It is possible for ooe warker to
be an early victim, while the man work.
ing beside him remains comparativels
{ree. This angle of the problem indi-
cates 2 need for further research.

50. It 15 well, nevertheless, to con.
sider all coal mining as involving a risk
to some degree, depending upon the type
of rock being drilled. Whife the hazard
may not be as severe ks in most metal
mining opetations, it is of importance at
least because of the number of work-
men concerned.

51. The bharard of silicosis seems to
be practically absent in the manufacture
of cement, A receatly completed survey
of 2000 cement plant employees in all
sections of the comtry by Dr. LeRoy
U. Gardner and stafl of the Saranac
Laboratory for the Study of Tuberculo-
sis, hay failed to demonstrxte that the
inhalation of cament plant or quarry
dust has a significant effect on the tes-
piratory tract. Neither did it appear
that men who had spent thelr industrial
lives in soch atmospheres were unusu-
ally susceptible 1o respiratory infection.
The incdence of imBuenza, disabling
colds and poeumoniz was not high. No
ca3ey of clinjcal wberculosis wete dis.
covered, and tbe incidence of bealed or
latent fod as revesled in the roentgeno-

is the same as thit found in the
geoeral adult population; namely, 4.5 Lo
$ per cent, D, Gardner has stated:

“Although the medical cxzrniruﬁons_ re-
veal no evidence of rapiratory injurv
from cement plant dust, even afier pe-
ricds of long cxposare, mazimum con-
centrations in dusty aveas shonld be sc-
duced to 100 miltioa particles per cubic
foot (light ficld coont impinger fech-
nique) as rapidly as economically fedsi.
Lie. High concentrations may wot be
dangerons, but they are nat compatibie
with pood housekeepug rtanadande

“An exception 1o the general fale s
indicated by the disgnvery of two f3scn
of non-clinical dust reaction in this
group of 2000 persons. Theic men
{imd been cxposed (o quariz duai lluf.v—
ally in the form of sandstonce) w3ed in
the manufacture of special _eemert

TX/RX NO.1994 P.014
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pussible 10 aopiy the knowledge in o
practical manner,”

65. Other threshold limits for spe-
¢ific dusts have been stated as follows:
Azbestos—( Dreessen, et al, Uaited
Siates Pubtic Heatth Scrvice) five mil-
lion particlex per co. f1. *

Coal dust—(R. R Sayers, €1 ab.y 50.-
000,000 particles per cubic foot for coal
dust{ contgining not over 3% quany
10,000,000 to 15.000,000 particles for dust
with 1% quartz, and 5000000 te 10.-
&00.000 particles for hard rock workers
e.x'?oscd to dust containing 353% free
silica,

Lead~(legge and Duckering) mare
than 3 mg. per cabic meter is hazar-
dout and (A. E Russell et al), less
than .15 mg. per cubic merer is salc,

Zinc oside—(P. Drnker. et al) 14
s, of zinc oxide per cubic meter for
B hours of cxposure or 45 mgs, for
shorl exposures,

6. Of the metals, the following
sugzestions have been made:

The American Fublic Halth Associa-
tion Commitiec on Lead Poironing state in
tir comprehenive 1943 Report that
“when the air of workrooms regularis
contains more than 1.5 milligrams of lead
tr 10 cubi¢ mciers of air, casex of dis-
abling tead  inoxication do not  odcur
among men wha work yegularly in soch
workroome, aml cases of quessionable or
minor intaxication are rare, In gracticc
the atvtempr it niade lo mamntsin the fad
coatent of the air within tuch lonitx a2«
will yick! an average of vt more than
135 milligrams of lcad per 10 cubse meters
throughout the working day, while pre-
venting  the occureence of  wmaderially
higher concentratione {3 willigrams per
{0 cubic meicrs or more).”™

Zinc Oxide: To avold meta]l fume
fever the concentration shounld be kep?
below 14 myg. per cubic meter for 8
hoursy' expesure or 43 myg. for short ex-
posures {P. Drinker et al).

Courtesy, Kirk and BElum
Manufacturing Compeny

Figwuse t4.  Kabawvst syseeem fosc sermovat
i drad duvt aml fame
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) Mangancie: 20 mg. per cnbic meser
15 tafe {Drinker & Haich).

Concrnl of Dustiness

70. There ate varous wavs in which
dust diseases and annovances may be
Svoided*:

1. The avoidaace of exposurc furnistics
the first and most important defenag
aguingt  anduswrial  disease.  Jole
should be performed in clean air a<
far as pagzible. It is not necedsary,
however, 1o prohibic 3l exposure o
a toxic srbitance. 22 the human sxs-
tem can protect and cleanse wtsclf
10 2 certain degree,

2 Expoiure can be limited by redoc-
ing working hours where dust con-
eentrmations cannot be mofhciontly re-
duced to constituig an otherwite
2afe condition,

3, Safe processes nay sometimes be
subitituted for thoxe of an unsafc
natare. An cxample of this & the
substitution of abrasive’ whecls
made {rom synthetic abrasives con-
taining no quarix, for wheels made
from natural sandstone, which is
about 95 pec cent quaric

4, The subtu.ction of wet mcthods
for original drr methods has ex-
erted  considerable contral over
dostx atmospheres. Dry drilling i
the &anse af considerable dustiness
in mining, which may he greatly re-
duced by wet drilling. This is alze
true in  many consiruction and
quarry jobs,

3 An cffcctive method for preventing
the escape of undesiradle dust into
the warking aimosphere 12 the loeal
exhaust hood. It should be placesd
close ta the aoucce of pollution 1n
he most eflective. The zir should
e discharged through a duzt col-
lector to prevent contamination of
neighhoring areas of return »f the
daat throuph open windows inta the
plant,

é. The routine recording of dusiy con-
centrations i3 a vajuable check on
the existing exposure. FPeriedical
tounty of air samples are 2 groat
tielp in showing whether or not
therc is need for {urther cantrol,

7. In some cases, the application of
genera]l rather than Ioecal exhavsg
ventilation is Sesirable, There are
instances where the source of pol-
luting materials is canstantly chang-
ing positian and local exhaust be-
comes SMficult and impracticable
Heee 3 general ventilating tvsiem
mav be the only answer,

———

*ITht «fght mtrthods of prevention given Aeve
are Hoted In thia order in ladustrial Medi.
Line’” by Clark end Dvioser, publianeg b
MNattonal MMedteal Bk Company. Inc.,
Tock, M. T,

Lol
rr\:'r ~
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Courtesy, Kirk -
Soan } ang Riym

wiscturing Company

Figure 12, Adjusable exhausc hood
olisning wheets s ot

€ A fGral-mcthod of protection is tic
wearing of special protective cquip-
taeat by workers, This step is fre-
quently the last resort and @5 uied
ooly in an emergency or {for jobs
of ghort dyration, but it is never-
theiesty aof considerablc inportance,
{See Amcrican Suandard  Saferr
Code for the Drotection of Heads,
Fres and Respiratory Organs)

71. In many localities codes or or-
dinances for the control of dustiness ace
in eflect which should be Investigated
and followed hy emplovers seeking 1o
improve working conditions.

Local Exhaust Syscems

72. Local exhaust ventilation fot the
control of industrial dusts arnd fumes
cousists of four prncipal parts:

2. Exhaust hoods

h. Piping or ducts

e, Air cleaning plant

. Saorce of suction

73. While each of these parts should
be designed and instalied to perform it
required function with respect to the
system as a2 whole, the exhaust bood
probably demands the most careful de-
sign, inasmuch as the degree of contrel
secured depeads to a larger extent upn
the shape and location of the haod—and
the rate of air fow to it—than upon 20y
other single factor.

74. Hoods bavc 10 2 considerable e
tent followed the design Rrst emploved
in such industries as woodworking and
metal grinding. However, ar noted by
Theodore Hatch, in recent years the in.
dustrial dust problem has assumed hy-
zienic and econpmic astwels entirely br
vend the limitations ut thote indu-tric-
in which the precluctio of du-t hzs heren
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Figuee 10,
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types oi hyper-sensitivity, While this
is probably . according Lo Dr, Mayx R,
Alayer:. individuals do not become sen-
sitive tu subsiances which later cause
the trouble uniit they have had sufficient
comact (o hoceme sensitized. When a
petson wh i Brper-sensitive first comes
in contivt with the subsiance, he is not
aware 'n i condition,  An “‘incubatiun
pervrd e seaitred, during which time
repeatedd g perthap: rensitize him
tu i wrere ruhsequent Cuniacts
may re-ul v orpemediste gllergic feace
tion Pk waning period may vary
from 3 week nr Lwo 1o scveral months
or eveh Hawever, the allerpic
tendenay e hipe been in the andi-
viehie® o e sn wnh, sl then there
cau- el YV EHBE O Tt
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submanve, he may, nure readily than
Iwfure, Inxme sensitive to yther sub.
rtunce:.  {ccasionally, o, it has been
sugeested certain individual: are capable
uf developing a ceriain sezree of im-
muniLy a5 ticne goes on,  However, from
the viewpuint of prevention, it feems-
lugical that workingmen whe have be-
comy silergic 16 coniain subsiances in
the crure of their nccupatinon: should be
ine aahoer Libes of
werrk. e 3 maeest yases the rendency i~
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S jecramaaib e duetiness Phe
proati o I en readched whove jpaman-
Wiyl €an be wold the esuct cuncen-
tiateay- 2° whaeh, for ipstance, hiz men
will <tav des choguions ca-en of sdicosis, as.

o thovan anly

T l.l;"\ .

110 T AR

s X i

04/17/98 11:23

APR 17°9g

TX/RX NO.1994

9:27 No.003 P.16

NG, 4

be told thal the maintenance of cesiain
degrees of air cleanliness Teprescnts (he
best known practice. Moteover, whiie
such standards would undoubied]y be o
valug for 2 sinslt indu"“."\.‘-‘“dtt. Ailley.
ent conditions and in other indugirje.
there wauld be a question of their appii.
cability.

65, As the tesult of many Vears < f
practical experience in dust contral in
the South African gold minhes, 3 concen
tration of anc mg of dust per cubic
meter of air was accepted a: xiandarl
and is nuw known cummonly s “the
South African tandard,” In 1934, 1
G. Irvine siated that no miner why hai!
entered_the ndusiry since this low con.
centration had been maintained had, a-~
vel, contracted rilicosis,

66, 10 was stated by 1. E, Cum-
mings in & paper presénmted at the
Second Symposium on Silicnsis ay Sar-
anac Lakew-

“ « . Inlormatiea from held snudies
made ia many parts of the world indi.
cated thit 2 nommal min might work
i pure orestalling sitica dust for many
years without mmpairing his health if
the concentration did nol exceed five
million particles per cubic foot of aie”

67. Dr. L. U. Gardner states, con-
cerning the permissible dustiness where
silica is present:

“The thdence now availzble makes
it seem improbable that 3 silica harara
is defined solely by the number and

- gize of the silica panicles 1n industrial
stmospheres. The other componeniy
of 2 dust modify its action. Some may
inhibit, others reward, and perhaps
some will be found to prevent its in-
jurions efiect. Becavae these possibil-
itics are recognized, it becomes diff-
cult to 3¢t up definite standards of per-
missible dustiness in induticial atmos.
pheres.

Dr. Gardner cootinues further:

~“Mot ¢nough is known abour 1he 3¢
tion of protecior sgbsiances to warring
the reco~ mendation that they be ent
ployed 10 prevent silicosis in indwstry
Qur aim should by 1o reduce existine
dust cancentrzlions rather than to i
crease thero by adding more dust.
would very strengly opoose the recon:
mendation that pretecior dusr be wses
to atlempy to prevent silicosis av b
present time, Bot I s Believe thar v
shaufd attempt to discaver maee 3bssn
their x3ction. Some, like gypium. tens
to combine with silica in the atme-
phere, forming clumps which ase 1o
heavy 1o temain suapended in 3ir an
ioe lrge ta pass the barriery of o
rose and uppor resoiratory 1acts Wi

el inform ign at hand. i omas !
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“Tnis means, in effect, that dry drill-
ing ean enly be used with Jocal ex-
hausts and adequate air cleaning. 1t
happens, also. that wer drilling without
ventilation will nat achicve adequate
sir cleaniingss in the case of the high
quartx or ¢clasx Z cack™

£20. The situation is well summedap
in an editorial that sppeared in “Chem-
ial Eogineering and Mining Review”
(Meltbourne).

*“Whnatever the uitimate findings 2t
to the gause and development of pneu-
inoconiosis, the task of the mining on-
gincer is indicated cleasty; the frst er-
sential is to minimize the formation of
dust, and the second is to collect o
cemove unavoidable dust as r2pidly as
possible In this latter xespect, a logi-
cal forward step has becn Lxken in the
adoption of ncans to collect the dast
at certain points of production instead
of relying, apon the general ventilation
corrent 1o difute and teansport the in-
juricus material Small onits are now
being instalied in some mincs at load-
ing stations and orepass tipplery, the
installation mnd maintenanec costs of
whith are low and 2 high effidency is
developed.
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~More eficient reck drilliag pragiice,
an  improved genenal standard  of
health, reduced wotking hours, provi-
sion of change housc and other facilis
ties, and many minoc but important
{actars can also contribute Lo redac.
tion i the incidence of silicotis.”

ACENOWIEDGMENT .

This pemphlet was prepared by Weor-
rem A. Cack, Division of Industrial Hy-
giene and Enginecring Research, Zurich
General Accident and Liskility Inser
ance Company, and revicwed by Floyd
A. Von Attg, Industric! Hygienist, Na-
tional Safety Cowmcil. It has been re-
viewed by the Safe Practices Conlerence
Commitice, the Heoltk Advisory Com-
mittee, and approved by the Executive
Committes of the Notiona! Safety Coon-
cil. Im writing this pemphlet, the au-
thors have reviewed carefully the litora-
twre already i the fdd, and grateful
acknootedpment is made to the numer-
our publications. The United States
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Deparsmens of Labor hay contriby:
many of the Wustrations wused here
Appreciation is expressed alio to

others who revicwed gnd submitred ::
gestions for the Timprovemens of :
work. Quuilanding among those 1t
ing the pamphlel their personal aitc
tion wre:r W.T. Cameron, United Sic:
Depastment of Labory A, 1, RZwr:.
Portland Cement Associelion; Pii
Drinker, Haroord University; Dr. L
Roy U. Gardner, Saranac Laboratory j.
the Study of Tuberculosis; Daniet F1:
rington, United Siater Bureau of Mine
Dr. M. B. Kronenberg, Illinois Depar:
menl of Public Heathy Dr- A. J. Loot:.
Metropolitan Life Inrvrance Compeny
Dr.'Carey P. McCord, Chrysler Corpe
rotion; Dr. R. R. Sayers, United Stotc
Public Heslth Service; Dr. C. D, Seldy
Ceneral Motowy Corporation; 8. C

Stratton, Travelers Insurince Company

and Dr. C. E. A. Winslow, Yol Uni
versily.
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