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Industrial Duse

i, The Htexature on hazardous ef
fects of dust s so extensfve that o at-
tarapt has been made here te cover the
subject {n all of Mg ramifications, but
to assemble only the owtsianding data
ont several of its aspects. This pam-
phlet is intendedt for employers, plant
safety engineers, persotmel managers,
aud supervisors generally, The subject
has heen approsched from the pravention
angle, giving general information on ocw
cupstional disenses canmed by dust and
on methods of contrel, No reference is
made to the sconomic and legal aspects
of dust disenses i industry and none
of the sncommion dusts as, for fnstance,
wight be found in the pharmaceutical
tndustry, are discussed. There Is 2 short
saction on dust explosibiiity.

Physiological Effects of Dust

2. ‘The inhalation of dust mey pro-
duce different types of reactions in hu-
mwn Delugsy

3, Prgumoconloses (silicosis and asbes-
tosis) whick result in speciic lung

pathology.

Jo. Gilicosls ihoremnes swacwptibility o
tuberoulosis.

5. The sy reaction d by soeh

toxic  dusts as Iead, adium,. wate
gantse, cadmivrs aad mescury come
potnds, wien either hreathed or
swallowed or possibly absorbed
through the skin,

e A transient disorder ksown zs metal
fume fever, from the inhalation of

finely divided metallic dast or fume -

particies such as zinc oxide.

d. A reaction, allergic in mture, taused
by breathing organic dusts sueh as
poiflen, four, cestain pulverized woods.

€ An, increast in bronehitls and ather

acute respiratory infections by breath- -

ing inert, poo-fhrosig-producing dust

- such as copl, emery, lzavstone, marble.
3. In each of the ahove cases, the
inhatation of dust can be the sole cause
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This paspblec is one of muce than 150
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Pamphlets. It &5 2 woempilation of experi-
ence i accident Drevenrivn fcOm many
sources, It should not be assumed, bow
evee, thar it iecludes every accepable
procedute i the fiold covered. R ospusy
not be confused with American Staadacd
safery codes; fedesmd laws} lmsurance sov
quiremnentss stare laws, rules and regulas
wons; and ewnicipad ordissaces ;-
tiomal copies of Lbis pamphiet are avail-
able. Mymber frice, 35 cemis cacks Qwan-
tisy and now-smEmbar prices on reguest.

of disebiiity. With the towic dusts,
tronble may result froms swallowing o
zote rarely from skin 2bsorption, as well
as from inhadation, Inhalation, how-
ever, in by far ths most baportant
mesnz of absorption of industrial dusts.

4, Irritation and weeration of skin
and awcous membranes way be caused
by such dusts.as Hme ahd chromium
compounds.

Paeumcconiosis
S. Zenker appled the nerme “pren-
monoconiosis” ta the various chauges In
the lungs caused by the inhalation of
dust, The term has now been shortened
W Ypneumoroniosts.” It represents
three words from the Greek, whick mesn

Figace L Dust countng by stasdard
fighe feld methods

“hg,” “dnst” and “abpormal condi
ton,” The present gemerally accepted
meuaning of the word involves the con-
cept merely of “dusted tung.” The kind
of dust lnbaled determines the type of
[njury noted in the lungs, However,
there s vne pathological process which
underiles lung disease caused by dust,
Thig consists of a fhrosis or ¢ repluce
ment of the elastic tissue of the jungs
by an fmpereious scar tissue,

&. Research on pngumeconioses hay
been camded on i the North Americen
continent more actively in the past
decade than in any other peried. The
hysteris with regard to silicosis and
other occupational diseases bas now

“rgely subsided, and the subfect is be-

ing trove carelully considered and moeve
so!geriy jndged.

The Probleoy

7. Modern manufacturing methods
are, In many instances, creating consid-
erable dust. Much of this-dust is often
refeased fn the immediate area whers

-men or women are working, and fhis

fact compels a practical solution of the
problens,

8. ‘The first step in the prevention of

infury to health by dust is the controlof 7

Its eoncantration so that workers will
not be exposed o injurious amounts, In
arder to obtaln wide spread comtrol of
dust throughout industry, it is neoessary
that information be developed aud dis
serninated on the effect of various kinds
and amounts of dust to which workers
are axposed.

Origin and Properties
Physical -
9. Dustis formed hy reducing solid

" materials to small sizes, Processes fike
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Rigure 2. Lefr: Gperamr in monumant
shed wsing poeumatic backer, Neithar
dust contend nox sespitator hae been pro-
vided. Right: The same oporation with -
gopgles aod dosteontrol hood in e,

grinding, crushing, blasting and drilling
praduce dust particles of sizes from the
microscepic to the visible, their compasi
tion being the same as that of the parent
materials if not altered chemically dur.
ing the subdivison. Frequently the
percentage of soms hard miners! such as
quarty o the five dust may be less than
that i the parent material. Comnon
examples are the minees! or inormanic
dusts derived from the disintegration of
rock and the organic dusts like wheat
and flour.

10, 8Smoke from bumning carbonace-
ous fusls—conl, off, wood, ele.con.
tains droplets as well a3 dry particles,
Tebaceo, for instancs, produces 2 wat
smoke composed of minwe tarry drop-
lets. The particle size of tobdceo smoke
is about 0.25 microns,

13, When a solid is broken inty fine.
ly divided particles and veleased in the
alr, one of the important changes that
fake place s that the space occupied
by the brokes materiat and also the sur.
face areas are increased many times
from that of the original mass. For ex-
anaple, if one ce, (061 o, i) of gharts
s crushed nto particles one cubic
miceen I size, thers will he 1682 (1,000
000,000,000 or ons trilfon) pavticles
with total surface areas of six square
meters {9300 sq. i) as compared with
six square centimeters {930 gg. in) for
the original block, If we assume 3 dust
concentration of 100 million partictes to
each eubic foot of air, the one o, of
material will occupy an alr space of
10,000 cubic fest,

12, With the exception of such i

brous matertal as asbestos, the dust par-
thdes must be smaller than 10 micnons
{ene ioiceon eguals one twenty-8ith

thousandth of an inch} in thelr longest
dimensions in order 1o enter the iner
recesses of the lungs where the damage
fs camsed. %t was formerly befleved that
the hardness and sharpness of quartz
particles were deciding factors in the
injwious propecties of dust, but this
view bag been generally disproved, (See
paragraphs 20 and 29}, Hay fever and
other allergic types of disesse frow or-
ganie dusts or Iatger particle sizes can
be caused by breathing particles into the
nose and not having them reach the
fangs ut el Ragwesd pollen (s from
18 to 25 miszems in dlameter,

13, By compsrison s hezlthy red
blood cell is about 7.8 inches, snd &
white cell up o about 16 microms, 4
person with normal eyes can see an ob-
ject 30 microns in diameter. However,
the reflection of lght from a shity par
ticke of quartz may be seen when the
particle is as small as 20 microns in db
ameter. It i 0 be realized, therefors,
that individurl dust pardcles small
ennugh to teach lung tissue are ossen-
tially Invidbiz to the naked eye.

14, Pumes wey result from any of
several chemical “or physico-cheradcsl
changes such as zing oxide, formed when
burning zine vapors atise from mwolten
brass, or lead cccurrbeg in the exbaust
of a motor oir burning gasolive contain-
Ing tetra-ethyl Tead,

Chemica!

15, The chemical and mineralogicat
raske-up of the dust ave the deciding
factors in determining s Injurious
propertiss, . 16 has bepn shown that sfli-
con doxide (free silica) in the form of
quarts may produds a disabling fbrosis,
wheteas Hittle of no fbrosis is produced
by ihe egually hard and sharp cornered
ahuvibum oxide (amery). .

Classification of Dusts
16. The following classification of

BEALIH PRACTICES PAMPELED NO. ¢

dusts, according o their physicsl chare
acteristics and physiological effects has
heens arranged by Dr. K. R. Sayers:

QRGANIC DUSTS

A. Now-Living Organic Dusts

As the rame unphies, these sre come
orised of non-viable particles which may
or may not be ecither omxic or irritant
but nevertheless have effect o thre hunvan
arganism.

{. Toxic or Irvtiant Dusts. Thes
Bre orgamic dusts which prodace un-
toward symploms either systamic of lo-
cal. Those producing locsl sympioms
are dessribed as irrijants, wkile those
produning general Symptoms sre lermed
toie., A dustmay be both toxic and irrie
tant.

2 Allergic,

(Sew paragraph 335
B. Living Jcganic Dusts

These dusts contzin pariicles capable
of reproduction or multiplication, suek
3¢ beeterie ynd fungl. They ave usually
found in jow copiestrstions and asso~
ciated with pon-biving dusts in the air,

1. Baeteris. One of the most im-
portant ie the puthrax bacilhus, whick is
fonnd in the dusts from sidng, furs, wool,
and animel hair, horng, hoots, bunes, ste.
Diphtheria, tubercalosis, trphioid and other
baciilus-produced  diseases oy result
from exposase io infected dusty. Bac
teriaisensitized dust can afso be the

couse of allurgic disesses, as asthoss,
hay fever, eczema, wigraing headaches,
ot

2. Rungt Diusts conwining parasitic
fongt may sause annoyance and discome
fort, Mould on siraw, day, grass, vegee
table debris is typiexl of this type of dust,

C. Inorganic Dusts

These are of milnerad ovigine ant ye«
nuirag & living organisie to  produte
them. Many dosts not classed as toRic
tome under s classification, Classifizd
under ingrganic sre toxic and/or irrigwmt,
Elrosissprodusing  and  non-fibrosis-proe
ducing dusts.

1 Taxie andior Irrileni, Thess wre
inherently toxic when iwhaled, inpeswd
or otherwiss absorbed, Among them are
the dusts from heavy mesls and their
rompounds, mich a5 lead, mercury;
grienie, cadmium, zine.

‘x
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2. Firosic- Producing Dhists. The
most irnpovanr of thess are the inor-
ganic, slightly soluble dusts, which cavae
nbrosis in the fungs, of which quartz is
the outstanding example,

3. Non-Fibrosic - Producing  Dusis.
These ars jnert, and by themselvas sei-
gom 1 ever cavse Abrous Hssue, but may
fie free in the Hssves or he absorbed.
inciuded zre aluminum  oxide, coal,
corundwm, emery, lowrstone, mmgnesite,
maxble, plaster pacis, polish of rouge, st

The Respiratory Systere
Retendon of Duse
17, In-the human respiratory sys-
tem, thepe sre complicated moist passe

ages, on the walls of which dust particles
will stick, Alo, the nose comains Hairs

which cateh some dust, However, the

respiratory systern cun becoms over-
Inaded with dust, and when this hap-
pens, the dust catching mechanism
fuanctions pootly.

18. . C. E. Brown bas estimated the
average awmount of dust & norpex] man
wilf retain. Brenthing at the vate of 10
reapivations & miinute, for exampls, he
will inhala about 10 Reers 2 minute and
retain. 60 per cent of the inspived dust.
[t is estimated roughly thac the reten-
tion of comwmom sifica dust is about 30
per cent, but the way this dust may e

vided between the upper and lower
respixatory passages has not besn clears
ty defined. Drinker has observed in the
cace of metal fume fever that slow, deep
breathing, possibly five or six breaths a
minute, is much wore fkely 1o produce
2 fever tman the nommal vate of zhout
15 breaths 2 winute, This is siipposed-
ty due 1o the higher retention of dust re
sulting from desp breathing, However,
we caonot select by any knows exami-
naton the men best suited to dust ex
posure, aithough seme men show them-
selves obviously unfitted for dusty st
mospheres. -

19, The way in which dust particles
are removed from the respiratory tract
has been described by Dr. 4. E. Barclay,
Eﬁﬁsh"spex:ia‘jst‘ on Xeray. The bronchi
of respiratory passages, ave covered with
a number of tiny, hairfike cilia or mi-

. crosenpic whip lashes, ‘These cilia make

a fast stroke in one direction and &
slower return stroke.. They covar the
passages leading to the lungs, and all
kesp in time with.ench other, This tends

1o push any forsign parficles of dust up-

ward in the direction in which the cifia
bend, so that the parficles may be ex-
pectorated.  Dust particles which reach
the-inner recasses of the funge ate also

INDUSTRIAL DUST

removed by mweans of dust valves
{phagotytes) which ingest the dust par-
ticles and carry them to & systerm of fine
drainage canals called the lymphatics.
Botl the cells and thelr contents are
wransported through these canals to sed-
imentary reservoirs kpown as lyniph
nodes,

Sizes of Partides

28, Micmscopic dust particles are,
of course, attracted by gravity, but be~
cause of the kigh resistened of the alr,

- the smaller dust particies setthe out more

slowly. The settiing motion of a dust
particle through stilfl air will vary with
the size and shape of the particle,

21, Do order that dust particles
e inhaled, they must be small snough
m float zhont in the air or be carrded
by afr curpenis. It has been shown by
vesearch that dust pertfeles mwust be
sraaflor than 3 micions in diameter to
canse siticosis. Howsver, since all at-
mospherie dusts include a awjority of
particles simaller than this size, the par
ticle slze dstribution of dust in the alr
is of Httle significance. McCrae showed
thet 70 per cent of the particles in sili-
cotic hungs were found to bs less than
oue mieron and that the Jargest particlss
did mot exceed 105 microns in their
greatest dimensions, Results since ab-
tained by other investigators have
served to substantiate this comprrative-
Iy eariy statement, '

22~ Ino silivotic tungs, dust particlés
ander 3 microns greatly outumber those
of larger dimensions. Sems have be-
lieved thet the huowt vespiratery
mechenism 35 respongible for this size
grading. It must be realived, however,
that considerable sizs gruding is done in
the adr befere the dust comes into cou-
tact with the respiratory organs. An
excess of small partides may be found
in the lungs skaply because smaller par-
ticles remain suspended longer and I
greater amounts, Particles: ahave five
microns Wil not remain flosting in the
aly for any great length of time.” The
air calls of the lungs are large enough to
sdmit partkles possibly up to 200 mb-
crons in length. However, according to
Clark and Drinker, the most represen-
tative particle size in the lungs of wmen,
who have died of silicosiz Is oua micron.

173, Fine ashestos dust particles
have been shown fo produce only the
inert reaction om the kungs characteris-
tics of other silicaie dusts. It is; con-
sequently, belfeved thet the asbestos

HBDPod4m3

3
Figure 4. Ground silica duroped cata
the apros of 2 convevor, Note the edr
closed conveynr exhaust bood and the use
of wn approved respiracor by the speracor,

fibers are the cause of the physical feri-
tation resulting in zsbestosis.

23. The finer particles of dust re-
matn suspended in a still atinosphere for
relatively lomg perfods of thme. Their
chances of heing inhaled are, therefore,
greatly increased, The smaller dust par-
ticles also travel farther away from their
polnt of origin, and inssmuch ag the
larger particles seitle out very euickly,
the farther away from the dust spuree,
the greater will be the percentage of
swmaller particles.

24, Neither upper nor lower size
limits have been suggested for texic sub-
stances, 8s lead, eto. It is the opinion
of Drinker and Ratch that ne physio-
logieal size limits exist for  these sub-
stances,

Silicosis

25. Undoubtedly the most important

kind of lung disstse caused by the In-

Balution of dust is that which has been
nemed “silicosis.”
Prafinition .
26. Dr. Gartnes’s definition of sili-
cosis is s follows: “Siicosis is 2 chronic
disease of the lungs resubting from pro-
fonged Inkalation of fice particulate i
fea. It s manifested anatomdically by
formation of sharply defined flrous
nodules not over four to six mm la di-
anteter, which in mest cases arg uniform-
ty distributed throughout all portions of
both tungs; and dinically by & paucity
of symptoms and physical signs that
usually appear only in the late stages
of the disease and by 4 tendency to be-
come complicated By tuberculosis. In
some cases, nodulation ix concentrated
in vertain parts of the lungs, in which
cases symptots may be marked.”

27. The International Sticosis Con-
ference in 1930 defined silicosis as a

i
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“pathologizal condition of the lungs due
to the iikalation of free silica (Si0,).”
Qther authoritiés have given varipus
definitions. That givens by the American
Pablic Health Astociation imcludes the
statement that silicosis i3 “a disease due
to breathing air containing sfiics,” Say-
ars and Jones at the Saranae Symposivm
on Siticusfs i 1935 stated that, “From
the viewpoint of etiology, the harmful
ness of & given dust containing free sik
ica is directly infuenced by the number
of perticles of free silice less tham 10
microns in dameter that i containg.”

Factors of Influence

8. Sificosis bgcomes poticesble after
widely differing perinds of exposurs to
siffea dust, apparently depending on;

2. The smount of dust fwhaled,

8. The percentage of free silica ron-
tained thevels.

¢. The size frequency, or Sneness of lhe
particles inhaied.

4, The meture and souvee of such other
substances  (including  vapsrs  and
gases} as may be inhafed simuitane.
sugly or otherwiss,

o, The powers of rosistance of the ndi-
vidusl concerned,

f. The presence or sbsence of a4 compl-
cation. by an infuctive procdas,

g The presace of complicating condi-
t{ms‘ such a5 high temperatures or
humidity, and unfavorable postores,

Physiological Effecrs

29, In castier years it was helieved
that the physiological action of quartz
on the fungs was caused by the hardness
of the materisl. In fact, it was chlmed
that men who worked on sandstong were
haemed not only by the sifiea particles,
buz also by sharp bits of stesd, These
idesy were contradicted By -Dr L. U
Gardner, of Saranac Lehoratery, who
showed that silicon carbide and fused
sfuminum oxide, both of which are
harder than guartz, had practically vege
ative physiological effects when inhaled,
Dy, Gardner also showed that dust from
the diamond, the bardest substance
known, was practically Ioert when ine
haled.

30, BSilicosis fs considerad in three
separate stages by medical autharities:

First Stage: The disesss here pro-
duces vo diszbility aud does uo sppreda-
bte harmm. The affected mén can carry
on iy operations as well as ever.

Second Stage: Respiration is affectad,
The viethn sy be Dothered by isbored
breathing,

Third Staget This stage may develsp

following the second stage ever if the
victim has been vewoved from the dusty
atmospliere. Here labored breathing be-
sames cevere and the mwivred person is
susceptible 10 ptlmonary tubereulosis,
irequently with fatal results. The woehe
e is now fur Selew nonngl, and a possi-
ble victim to resgitatory diseases,

31, Stlcosls may be detected by X
ray in each of the three stages. How
ever, X-ray appearances alone are hot
sufficdent for & diagnogis of sificosls. The
conplete ‘oceupationsl sad medical his-
tory of the esmployes should be care
fully evaluated and related to the Reray
findings bhafore & conclusion Is reached,

Figuee 5. An awtomatic bug Ipader hen~
diiog Gnely powdmred sifica dust.  An
effective locel exbanst spsteos 38 in opecs

2UoH.

32. From most industrial experience
the development of silicosis may not he
anticipated short of fve years. A few
cases have been clabmed to develop io ag
short a period s one and one-half years,
by these were ynder extreme and un-
usuel conditions, - There has bwen evi-
dence that alkaline materials, such as
sotp powder, actelerate the develop-
ment of silicosis, but this has not been
substantiated in recent experlence.

3%, Sificosts iz & disease of which the
vigtim may be wnaware In the early
stages. It development is usually slow
and unperceived. Tamsmuch as silicosis
cannof be cued by any means yeb
known and I iis advanced stages Is
frequently compiicated by tuberculusis
or other infections, the importance of
prevention is.apparent, Alse, in many
industrizss, new developments heve
greatly increased the dust output. Im
granite stone cutting, for instance, and
in rock drilfing, dust produgtion in-
treaged tremendcusty with the introdue-
tlon of preumatic tools,

34, Men with ewly first stage ofll-

HEALTY PRACTICES PAMPHLET NO. 4

cosis, in the opinion of the Saranac Sili-
cosis Symposiven, are bhot disebled and
are not & menace to their fellow em-
ployees. The fact that barely percapti-
ble. Xe~vay change s visible i net
grounds for assuming disability, since
most persons over 40 show soma chest
changes regardiess of dust inhslation,

Actlon of Silica on the Lungs

35, The theory of the action of silica
o the lungs is 2s follows: Whers quartz
duat is inhaled and is passed through the

“upper respiratory traet, it resches the

tetminal air sacs of the lungs wheee the
exchange of gases between the blood and
zir takeg place. At this point, as the
dust is a forelgn mather, it is ingested
by what are known as “scavenger” cells
whick carry it through the walls of the
gt sacs to the lymph drainage canals
lacated vutside the alr sacs. This re-
sults I 2 rapid fucrease of tissue cells
which narows the Jymphatic chahnel,
hampering clmination, &s It is along
thess canals that foreign substances are

" pamovad,  Alse, when dilica i3 helng re-
" maved, the partide may kifl the scaven-

ger cell by whick It Is belop tzansportad,
with the result that gl dust partictes are
not removed from the Iing. Instead,
they may remain slong the course of the
drainage canal.  Apperently, these smalt
partloles of silicy dust are toxin in this
lfocation and the tissue ceils fo the fm-
mediate vicinity ave altered and re-
placed by what s known as scar or
fibrous tissue. . The uitimate regult Is
lurger avess of tssee or lung volmes in
which copilfary actiop is definifely res
duced - theough whick 2 normel es-
chanpe of gases hetween the blood and
inhaled air caonot take place.

36, Az the inhalation of silica son-
tinugs, the ameuwnt of fbvous tissue wil),
of course, increase, with the ultimate re-
sult {hat the langs will not readily oxy-
genate . suificfent blood for the body
nead.  This produces a shoriness of
breath in the affected ndividuad in pro-
portion @0 the amount of scar asue in
bis lungs,

Free Silica vs, Silicates

37. With the exception of ashestogis,
the silicate dusts have not been shown
to cause & (isabling lung condition such
as is produced by free silica, Experi-
ments conducted both by causing ani-
mals to johale dust sver a long peried
of thue and by injecting dust lo their
peritonenl tissues have shown that sili-

(905280 dng
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cate dusts are ipert and do not canse
the characteristle nodulation produced
by free silica. In addition o the anbmaf
experimentation, men who are exposed
to silitate dusts containing no free silica
hiave best x-rayed, and in & pumber of
cases there has Been opportunity for
examination of thelr hungs, The nodular
appearance oo the X-ray and the actual
nodules on the Tungs, both of which ae
characteristic of siticosis, have not been
found when exposure has been limited
to silicates, Garduer has stated that
evidence o far gvsilable iudicate that,
where 2 disabling lung conditlon s
alleged lo result from exposures 1o sl
cate dusts {other than asbestos), thera
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 xray., On the
other hand, Dreeson et al, have reporfed
preurmeconiosis in workers expossd to
high concentrations (150 willion par-
tieles per cabic foot of air} of sloan
washed mica, Greenbucg and his e
workers found fbiosls assocled with
such symptoms s dysprea and chiomic

- cough in 14.5% of 2Z) fremolite aly

mingrs and millers, These men werg
all employers 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 ak. Tn 'we
maings o (s area, Gardoer had found
quarts ranging from 12 to 20 per cent,
but in the mills, where all roek is mized
and croshed, the dust showed low quartz
percentages both <in Gardner'’s studies
and those of CGreenburg. This subject
of the pessible actfen of sfficate dust
on the ltng tissue is. heipg further e
vestigated, and any  indications that
cestain sificate dusts may be causing a
dissbling Yung conditfont should be
siven thurough study before conclusions
are reached,

Mized Dusts

3fa. Where free sitica is mized with
othey dust, the greater the perceniage
of free silica, the Jess the dust exposurs
required to cause silicoss. Since some
dusts such as gypsum have an inhibit-
ing effect, there is an huveeding tend-

v oenty ta evaluate the axtest of the

hazend presented by mized dust on the
hesis of the individual dust exposare,
More data are constantly belng ace
cutrulated on the sctual efferts of vark
ous types of mixed dusts,

INDUSTRIAL DUST
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Figure 6. A nunbling barrel used for nishing smell casrings. The barrel &y i oper-

adon, but note the absence of dust due to a good exhausr, system,

Asbestosis

38. Ashestos s the only silicate at
present recognized as cavding pathology,
and even its reaction is defimitely differ-
ent from that due to sifica alone {Drink-
). Ytsabehovior is the excepiion to the
rule that silicates are inert, st least in
minfected tissues. Asbestos, when {n-
haled, produces fibrous tissues in the
lungy of hoth seey and animals,  As-
hestos i made up of bydrated silicates
of oagnegium with varinble amounts of
from, celeivm, sodium, pofessium, and

glumieton replacing portions of the mag- .

nesfunmt, The property commaon fo gil
of this grovp Is the fbrous structure.
Tt bas been shown that the presence of
fibers of asbestos are necessary for the
production of asbestosls and this faet,
woupled with the observation that fme
asbeston . dust 18 analogous in is fnert
reaction on the lungs to . that of other
silicate dusts leads to the conclusion
that ashestosfy 35 the result of physieal
frritation of the lung dssue and not of
chemical sction ss in the case of sili-

39. Following a study by The
Uniied States Publin Health Service of
the ashestes testfie Industry, it hes been

recommended that the dust concentra-

tion be kept at less than § million par-
ticles per cubic foat of alr If ashestosis

is to be avoided. The uvse of a standard
based on the gumber of fine particles
resuit from the use of dust determing-
tiont technique developed for the study
of sifica dust exposures. Although fu-
{ure research wil wndoubtedly set wp 4
standard based on the number of as.
bestos fibers in sir, keeping the fine
dust at less than the suggested standard
will keep the concentration of injurious
fibers within safe limits.

Infecdon

40, " In the opinion of most investi-
garors, the factor of infection is most
fmportant. It has been observed in
guines pigs with chronfc pnewnonia
that in an infected are which developed
before ssposuwre to dust, the logal
branches of the ymphatic syster wive
not so eificient as those in fhe rest of the
lung. Silier inhaled Into tague thus

damaged sppeared to accumulats in uns
ugyal amounts, .

47, Sincemen with sfiicosis are mare
suseaptiide to  tuberenlosis than are
normsl men, there is often an excessive
ineidence of tuberculosis among such
workers, Usually disability and death
of a silicetic, when due 1o pulmonary
conditions, resnlts from the complicat-
ing tuberelosls. For this reason, it &
especially important fo have 3 re-em-
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ployment and periodic sy program
among workers exposed to silicx dust,

42. Gardner states as follows: “At
the present time the trestment of tuber
calosis in siticatic subjects k comparabls
to that for ordinary consumption 50
years ago. ‘The prospects urs far from
hopeless, Siicesis i3 gradually being
brought under econtrol, The tins is not
jar distant when dangerous roncentra.
tions of silica dust will no longer be per-
mitted in Amezican industries. Petiadic
examinations of those already employed
will defect new infections In persons
sow silicotic.  Prompt institution of
treatoent will elfminate wmiost of the
hapeless cases of silice-tubereulosts. Pre-
employment examinations will inswre
placament of men in pusitions that they
cen fll witheut damage Lo their health.”

Coal Mining

43, Anthraco-silicosls &5 & tetm'used .

for & form of preumeconionis conmsonly
calied “wminers’ asthma.” According fo
Public Health Bulletin No. 221, “4n-

thraco-Silicosis Among Hard Coal Min.

ers,” it is a chronle disease due io
breathing st containing dust geversted
s lhe various processes involved in
niinfng and prepaxing antbracite coal
{t iz characterized anatomically by gen-
eralized fibwolic changes thronghout
both lungs and with the presence of ex-
cessive mmounts of carbonscenus and
silicenus roaterials -

44 Symptems found in early stages
are shortpess of breath, cough, pain in
the chest, and posaibly physieal waak-
ness. In the advanced stages of the
disease there s loss of weight and de
creased capacity for work, doe partly to
pultmonary fnfection, '

45, In stwdies conducted by the
United States Public Health Seevice in
Pennsylvania, o casss of zothraco-
silicosis were found in the controlled
group of hard coal mining employess
whose Just exposure aversged less than
five willion particles per evbic foot of

‘air,  However, the prevalence of an-

thraro-siticosls among the esfive group
of employces was found to be ahout 23
per cent. Arsong all except rock worke
ers, less than two per cont of the men
were affected when the duration of swe
ployment waw less than 15 years, regard-
tess of the amount of dust i the ain
Awong rock workers, who sere exposed
to dust averaging 35 per cent free silica
the prevalence of anthraco-sificosis va-

ried from 10 to 72 per cent depending
on length §f expasure and dust concen-
tratiopeethe higher percentages of ine
cidence helng found among workers ex-
poserd moty khan 23 years to concentra
tlons greater thaw 300 willion particles
pex Qubic foot af air,

46, According to A, E. Russell, the
disability rate wnony antbracite miners
from respicatory tubgrowosis Is about

G

Piguce 7. A metiod of coceiving dust
g eruciks and aneiliary coflecring wyuip
) ent.

454 times the rate for general rannface
taring, The preumonia rate is less than
one-thivd of geneval wanufacturing.
Bronehitis, however, s a rather common
coinplgint. :

47, % L.Commins and 8. ¥. Shudden
conducied 49 examinationr of a large
number of a2l Miners’ fungs fu South
Wales, As 2 resuly they made the
statergent-—"Conl s refained in lavge
amounts ouly when there ig & really high
siliew content.” ‘They gdded, “We be-
Heve that in the absence of the siliea
factor, there would be, wnder moders
mining conditions, no serfous degree of
anthracosis.” . L, Collins and J. €
Gilchrist have claimed that workers who
have hud considerable axpostre in trim-
raing coal ships where there s practi-
cally no silica exposure, hut nevertheless
2 very heavy dust condiffon, showed
some fbrosis which, however, was not
considered disabling, T

48, A study of 2500 post-mortes
examinations made b Pittshuxgh bos-
pitals shows that <ty alr which may
comtain an watisually large amount of
coal dust may canse lungs o become
darkly pigmented but yet praduce mo
pathology of importance othier than per~
haps a predisposition to oolds, ppeus

HEALTH PRACTICES PAMPHLET NG, 4

monds, bronchitis and similar physical
atiments.

4G, Also, Dy, Greenburg refninds us
that there is an hmportant factor ather
thar the ene of environment, which is
that of individual sesceptibility. In-
vestigators have noticed that men work-
ing in the same plant, at the same task
and in the same work place, frequentdy
do not develop silicosls to the same de-
grez. It is possible for ene worker to
be an early victim, white the man work-
ing beside him remains cowparatively
frea, This angle of the problem indi-
cates a need for further research,

50. It is well, nevertheless, to con-
sider ali coal mining ss involving & risk
10 some degres, depending upon the type
of vock being drilled. While the hazard
may not be 25 severe as in most metal
mining operations, it fs of importance 8t
least because of the number of work-
men concernsd.

§1. The hazard of silicosls seems to
be practically absent in the manufacture
of cement. A recently completed survey
of 2000 cement plast employess b &l
sections of the tountry by Dr. LeRoy
1. Gardner and staff of the Ssxanac
Labsoratory for the Study of Tuberc: lo-
sis, has failled to demonstrate that the
inhalation of cement plant or quarry
dust bas & sigeificant effect on the res-
piratery tract, Neither did it appest
that men who had spent their industriat
fives in such atmospheres were wnusu-
ally susceptible to respiratory infection.
The incidence of influenza, disabling
cofds and pueumonta was not high. No
cases of clinical tuberculosls were dis-
covered, and the fucidence of tealed or
iatent foct as revesled in the roeaigenc-
geams 15 the same as that found in the
generel adult population; namely, 4.5 to
5 per cent. Dy, Garduer has statedt

“Abhough the madical sxaminutions re-
veal no wvidence of respiratery imjusy
from cemtent plant dust, even after pe-
viods of lony expasure, maximiun con-
centrations in dusty areas should be re-
duced ko 100 million pariicles per cubic
foot {light field eount, impinger tech-
nique) as rapitly ag economically feasi-
ble. High coscentrations may wnot be
dangerons, baf they ase 1ot cormatible
with good househeeping stand

ards.
%An ewesption to the general rule is

indicated by the discavery of tiwo cases «F

of won-cliniesl dust eeaction in this

graug of 2000 persons. These mes &y
had been exposed to quactz dust {usu- R
sliy @ the fosm of sandstone) used in X
the manofacture of special cement &g
While possible inkibitory effects of B3
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other components of cement mill dust
seemt to have protected all other pec-
sons sunilarly exposed, these solated
individuals apparently reacred besazuse
of shnormalities peculiar to themselves,
Adthough [t is kaown that prorective
wetion  becomes tess effective g the
celstive amopnts of silicg in the dust
increage, fhe Hmits of woleratios have
not been defined. Therefore, the Umit
for sllice particles less thaa 16 microns
in dlameter at the breathing zone was
arbitrarily ser af five million particles
per enbic foot of atr s determiingd by
the United States Public Health Seryv
iee standard lght Geld sount”

Toxic Dusts
Breathiag vs. Swallowing

§Z. Generally, workers may be poi
soned by toxic dusts much more quickly
through Infating them then by swaliow-
ing them. Dust swallpwed with food
goes Mto the stomach from which the
moajor part of it is directly eliminated.
Sorme mty be picked 1w In the bleod ¢
culation and then moved on ta the Hver,
The liver, however, is an effective flter
wnd detoxifier, and it 18 only the poison
that gets beyond thi poine thut enters
genemal circulation. On the other hand,
duses that reach the fungs can pass di-
vectly iato the blood streatn, to the
heart and then to alt paris of the body.

§3. Alce Familton, in “Industrial
Toxicology”  (Macmillan  Cowpany)
points out the distinction between the
two ways in' whick polsonious dust can
be taken into the bpdy Iy the following
paragraph-—“A- great deal of money
has been wasted by wellmeaning ew~
ployers who seught to protect lead fir-

i

Figure B, View in an iront foundey show.
ing fanch gaiaders with oxaamramds,

INDUSTRIAL DUST

nacemen, white lead prinders, etc,
agalnst polsonisg, by providing bath
and junch rooms, clean overalls, mouth
washes, and such, instead of preventing
the escape of lead info the air the men
wera obliged to breathe. Unfortunately
this has sometirses heen done uwnder a
physician’s advice. II' must never be
forgotten that the great majorlty of in-
dustrial poisons enter e body with the
inspired alr and that while & workman
cats only three times & day, he breathes
16 times 2 minute durittg the afght of ten
hours of the working day.”

Sa, Wumerous authorities give evi-
dence that thers f5 far more danger of
being poisoned by inhsling toxic dusts
than by eating them with food or taking
themn in Bquids. But sl precautions
showld be taken to prevent foxie dusts
from sntering or aven coming into direct
contact with the body.

Lead

S8, Tha prectical problem i cone
nection with lesd polsontoy is the pre-
vention of serfovs Jead exposure. The
problem consists of two phases: ang, the
determination of the Huwils of safe ex-
posurs, (sae paragraph 68} and, two, the
reduction of lesd exposure helow these
timits, o

36, ‘We must recognize however that
tead {s & normal constitueat of a living
animual and that there i3 & level of lead
absorption. which s safe, Lead intoxi-
cation wnd lead shsorption can be pre-
vented by engineering methods, - (See
Healtly Practices Pamphlet No. 3 and
Safety Instryction Cavd No, 116 on this
subiect.} ;
Metsi-Fume Fever .

37, Metal-fume faver may he one of
the resuifs of breathing dust from metal
sourges.  This malady usually follows
contact with & heavy concestration of
magnesinty oxlide, copper oxide, lead,
zine oxide, and possibly lead oxide amd
tanganese diozids. .

58. The sywpioms are chills fol-
lowed by a malaris-like fever whick asu-
ally passes off within 24 hours, allowing
the warker to returs o his job on the
following day, The first attack vsuely
imrrunizes the victim so that attacks ure
not experienced consscutively,  How-
gver, niter a lay-off or an sbsence ftors
contact with the dust, & farther attack
is likely. Blow, deep breathing, accord-
ing to Drisker and Hatch, seems, to
bring zhont the symptoms morg quickly,

HPPot—T

 Figuras 9. Dust collecwse anits mounisd
an the toof.

Allesgic Diseases

" 50, Conditions arising from allergic
distwbarces of an ovcupational origin
are coming more into protinémsee, from
the compensation polnt of view,

60, Persons said to be allergic am
those who are pacticularly susceptible fo
certats substances with which they come
in contact. These substauces may -
chude foods, drugs, and vapors and duste
of varous kinds, A wide variety of
substanies may, therefors, be responsi-
W for sliergin renctions in various io-
dividuals, which substances tnay have oo
efevt on others or, i some cases, way
even be of positive benefit. The types
of reuctions experienced by afected in
dividusls to given substances may alse
vary grestly both in paturs and in de-
gree, A gingle substance may, I one
sose,-ckuse intestinal disturbances, in
another case develop asthmatic attacks,
and in 2 third case cavse 2 skin ervption.
Bifil another person may be affected in
2 thres ways.

61, Dusts of various kinds sormetimes
cause aftacks of asthma. Asthma may
te sulfered by sublemen from axposure
to horse dander and by furriers from
exposure o fur dust.  Other . persons
cannot work near animals or, in fact,
keep puts or sleep on feather pillows
without suffering scute aftacks, Hay
fever is another type of reaction to dust
an the part of certain individuals. These
dusts are fraprently in the nature of
pollen, as from plants. Hay fever, it Is
daimed, however, may aiso be caused by
other types of dust. In any event, the py

precise nmoner o which an ailergic in- C

dividual may react to @ substance to G
which he bas become sensitized cannot 2
ke predicted.

62, Many believe that allergle im-
dividuals are boro with their particular

"
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Figuee 100 Poenable Industeial vacaam desoet,

types of hyper-sensitivity. While this
is probably se, ateording to Dr. May R
Mayors, individuals de not become sen-
sitive to sobstances which later csuse
the trouble unil] they have had sufficient
rontact to betome sensitized, When a
persan who s hyper-sensitive first ooroes
in contact with tie substance, he i nat
aware of his condition. A&p “incabation
period” s requited, duritg which tme
repested contacts perhaps sensitize him
o o point whete subseguent contacts
may result in immediate aflergic reac
tion. This wailing perfod may very
from & week or two to several mouths
or even yeexs. However, the allergin
tendency must have been in the ndi-
vidual to begin with, and then there
must be continusus or ntermittent cons
tacts with the suhstance in guestlon in
order~that the ldtent allergic tendency
can he brought ang, .

63, It hat been claimed that onve 2,
person has become sensitized 1 a given

substanee, he wmay, more readily than
before, become sensitive to othey sub-
stances, Opeastonally, too, it has heen
suggested cerfain individuals are capable
of developing a cerfain degree of fro-
ity as tine jgoes on.  Hlowevar, from
the viewpolnt of prevention, it sesms
logicel that workingmen who havs be
come allergic to certain substences in
tha course of thefr occupations should be
encowraged o go into cther Hmbs o
work, for i most cases fhe tendency is
o become more sensitive Bs exposure
continues. :

Permissible Dustiness

44, Cenerally, we lzck dafa for de
findag rigidly permissible dustiness. The
point hes not heen reached whers a many
ufacturer can be told the exatt toncen-
trations at whizh, for instance, biz mep
wit] start developing coses of silicasis, as-
bestosis, or lead poisoning. g can only

BEALTY PRACTICES PAMPHLET NQ. 4

be told that the maintenance of cevtain
degrees of air cleanfingss reprezents the
hest known practice, Morsover, while
such standards would wndoubtedly be of
vaiue for a single industry, under differ-
ent conditions and {n other ndustries
there would be a question of thelr appli-
cability.

65, As the resull of many years of
practical experience ln dust control in
the South Afrfcan gold mines, a conicen
teation of ome mg. of dust per cubic
meter of air was accepted as standard
and is ngw known commonly 28 “the
Soutl African standard.” In 1834, L.
&. Trvine stated thet no miner who had
entered the industry sines this low con-
centration bad been maintained had, as
yet, contracted sificesis,

88, Yt was sated by D, B, Cume
mings in & paper presented at the
Second Symposium on Silicosis at Sare
ange Lake-w

¥, . Information from Geld sandies
made in many paris of the world indi-
cuted that & normm! man might work
in pure crystaliioe siics dust for many
years without Impsiving His health iF
the concentration did not exeged five
million particles per cublc oot of air”

§7. Dr L. U, Gardoer sistes, con-
cerning the permissible dustinesy wheve
sifica is present:

“The evidente now available minkes
it sesm improbable thal a silica hazard
is dafined zofely by the number and
gize BF the yilicg particles I industeisl
‘atmospheres, The other componsnts
of a dust-modify ts action. Some muy

Uinhibit, others vetard, and perhaps
same will ba found to prevent fs in-

Jurtous efset. Recause these possibil

ities nre vecognized, it becomes diff-

et to set up definite standards of per-
misaibbe dustingss in indusizial atmwose
pheres, . ¢ ’

Dv, Gardosr continges furthér:

“Not encugh is known about the ae-
tion of protector subytances to Warrant
the recorsmendation that they be em-
sloyed to prevent sifleosid fa industy.
Our zim should be to reduee existing
dust concentszations eather than to ine
¢rease them by additg more dust,
would wery strougly oppose the recom-
wendation that grotectar dust be used
to attempt fo prevent silicosis at the
present time, But I do beliews that we
should attempt to discover more about
thelr astion. Some, like gypsum, seem
to combine with silica in the atwmos-
phere, forming slumps which are o0
heavy fo teymain sugpended fn alr and
too larpe to pass the barders of the
nose and uppes respiratory tracts, With
such imformation ab hand, it may be

905280 4NG
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possible o apply the knowledge in o
practical manner”

68, Other threshold Hmits for spe-
eific dusts bave been stated as follows:

Asbestog—(Dreagsen, et 2l United
States Pablic Health Servize) fve mil-
iion particles per on, ft”

Coal dust—{R. B. Sayers, et aL) H-
200,600 particles per cubic foot for coal
dast containing nob over 5% quariz,
0,000,000 to 15,080,000 pariicles for dust
with 13% guartz, send 5000000 to 10,
000,000 particies for hard roel workers
ag;gosed tu dust cowthining 35% free
sifiea.

Lead—(Legge and Duckering) saore
than .8 mg. par cabic meter is hazar-
dous and (A, E Ruossell gt al), Jess
than 15 myp. per cubic meter is safe

Zing oxide—(P, Drinker, ot al}) 14
wgs. of zine oxide per cuble meter kar
8 hours of exposure or 45 mgs. for
shiert expostres,

65, Of the metals, the following
suggestions have been made:

The Aweriman Public Fealt Assovias’

tioh Cammittee on Lead Poisoning state in
thelr rmnpmise:nsive 1043 Report  that
“whes he wir of workvoorns vegularky
cantaiis more than LY milligrams of fead
per 1D cuble meters of air, cases of dise
abling {ead intonication do dot oeur
among nen whe work regularly i such
workrooms, and casés of questionable or
miner intoxication are rare. In pratiee
the atlempe is wade to maintin the lead
content of the alv within such Hmits as
will yield ap average of wot more than
1.5 milligrams of fead per 10 cubic maters
mrouth:t the working day, while pre-
wenting  the ‘coonrrence  of  materally
bigher concentrations - (5 milligrams per
10 cuble meters or more}.”

Zine Oxider To avoid metal funte

fover {he conceniration should b kept -

trelow 14 mg per cubie meter for 8
hours expasure or 48 mg, for short ex.
posures (P, Drinker et al),

Oourt Xirk Bl
Han gﬁ:uﬂl;gmc”gmpa%ﬁ

Figure (1. Exhaust sysiem for removal
of lead dost and fumes.
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Aanganese: 50 mg. per cuble meter
iz gafe (Drinker & Hatcl),

Control of Dustigess

70. There arg berious ways in which
dust. diseages and annoyances may be
avafded®

1. ‘The avoidance of exposure {urnishes
the Srst and most important defenss
againgr  indusoriaf  disexse, abs
should be perforwmad in clean awr ag
far 45 possible. Tt i3 not necessary,
however, to profibit all exposure to
a toxic suhstance, a8 the fitman sys-
tem can proteet and olwsvise (teff
to 2 ceriaty degree.

2. Expo;ure cen be limited by redoee
ing worldng hours where dust cor-
centeations cannot be sufficiently re-
duszed to constismie an  ovherwise
safe rondition,

3. Safe processes muy somellnes be
substitared for those of an unsafe
nutnee. An example of this js the
substitution  of abrasive wheels
made from synthetic abrasivas con«
tajntey no quarts, for wheels made
frors natprai sandstone, wiich {3
about 95 per cemt quaste,

4, The substitvtion of wer methods
jor original dry methods has ex-
erted  considerzile cootrol  over
dusty ermospheres, Dy delling i
the canse of considesable dustiness
in mining, which way be greatly re-
duced by wet drilling. This i also
Brue in many  coustruction snd
quarry jabs,

3. An effective method e preventing
the esenpe of undesivable dust into
the worldng atmosphere 18 the loeal
exhaust hood, It should be placed
close to the souree of aofhxt:crf 53
be most effective. The air should
he discharged theough & dust colv
fector to prewent coutmmination of
neighboring areas or retirn of the
dust through open windows into the
plant,

6 The routine recording of dusty con-
sentrations & a vaixable chack o
the existing exposure. Periondiex!
counts of air samples Ire 3 grast
hels in showing whather ar not
there is haed for further control,

7. In some cases, the spplication of
general rather than local eshaust
vegtitation is destrable, There are
instances where the source of pole
lating materisls i congtantly shurg-
ing position and local exhaust be-
comre dificalr and impracticable.
Fece 2 general ventifiting system
ay be the only snswern

- ofght methodn uf revwblm wn ke

are??‘:tedgiﬁxztt mis b g‘ i Me

aine™ ny I‘ggﬁkm p«xmtx ed. by the
Natia \am M’edtcal X Compary, Ine, New
York, N. 1.

H.PPA4Y

Courtesy, Rirk ené Khm
Masuferiuring Company

Figare 12, éd;x.mbtz exhaoss Boods for
polishing wheels.,

& A final method of protection is the
w:avmg of special protective equlpw
ment By worksces, Thiv gtep s {re-
quently the last resort and is used
anly in an gmergency o for jobs
of short duratmn. bat 5t 38 neves-
theless of considerable impertsnce
{See American Standard  Safety
Code for the Protection of Heads,
Eyes and Respliatory Qegans)

71 In many localities codes or ok
dingnces for the control of dustiness are
in effect which should be investigated
awsd followed by employers seeking (o
improve wosking conditions,

Local Bxhaust Systems

72. Local exhaust ventilstion for the
conirol of industrial dusts snd fumes
consists of four principal parts:

2. Exhaust icods P

o, Fiping or ducts

v, Alr sleaning plaut

d. Source of suction

73, While eack of these parts sbould
be designed and fnstalled to perform its
required Function with raspect to the
system zs a whole, the exhmust hood
proba.blz.r demands the most caveful de-
sign, inasmuch as the Gegree of contyol
secured depends fo 2 Jarger extent upon

. the shape and location of the hood-~axd

the rate of eit fluw £ jt-—than upon any
oiher single factor.

74. Hoods have to a considerable ex-
tent followed the design first emoployed
in swch industries as woodworking and
motal gricding, However, as noted by
Theodore Hatch, In recent years the -
dustrial dast problem has assumed by« O
gienic and economic aspects eaticely be-
youd the limitations of those m&usmes
in whick the preduction of dust has heen 53 &
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Waters & Kraus
3219 McKinney Ave,
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To Whom It May Concern:

The attached records are kept and maintained in the regular course of business of the
National Safety Council, and it is the reguiar course of business of the National Safety
Council to keep and maintain the attached records.

The attached photocopied material is an authentic reproduction of an original file copy
of .

industriai Dusts, Heaith Pracilices Pamphiet No.4, Nationai Safety Council, 18289,
1939.
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