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however. both ingestion and skin
contact arc of relatively-minor impor-
tance* in industrial poisoning inso-
far as dusts, fumes, and mists are con-
cerned.

Origin and Properties of
Particulate Matter
9. The dust normally present in
the atmosphere has a  beneficial
etfect in screening out some of the
harmf{ul rays of the sun. Inhalation of

+ this dust may not be harmful because:

.cither the dust may be nontoxic or
body mechanisms capture, remove
and ¢liminate or isolate the small
amounts of dust trapped in the lungs.
Air pollution, radioactive faltout,
pollens, and similar conditions may
have an adverse effect on some indi-
viduals. Also, when the air breathed
contains excessive amounts of dust,
the body has difficulty in handling

" the load and dust may remain in the

lungs.

Sources

10. The term dust as used in in-
dustry is gencrally applicd to air-
“borne solid pamclcs that range in
size from 0.1 micron to 2§ microns
(on¢ micron == | /10, 000 ime

" with talc. Dust may be formed and

dispersed when solid materials are

. reduced to small sizes in processes

such as grinding. crushing, blasting.
shaking. and drilling. In thesc proc-

" esses, the mechanical action of the

grinding or shaking device supplies
a source of cnergy to” dlsp;rsc the
dust formed (Figure 1).

12. When a solid such as a metal
is heated to a temperature high
enough to volatilize it, the valatil-
lized matter fater condenses in cooler
air to form a fume (Figure 2), The
solid particles that make up a fume
are extremely fine, vsually less than

0.5 micron in size. In some cases, the -

hot material reacts with the air to
form an oxide. Examples arc lead
oxide fume from smelting and iron
oxide fume from arc welding. Also, a
fume can be formed when a material
such as magnesium metal is burned

-or when welding or gas cutting is |

done on galvanized metal.
13. A mistis formed whan a finely

divided liquid is suspended in air. -

An cxample is the oil mist pro-
duced during cutting and, grinding
opcrations.

14. Ymokc may be formed by the

= 1:25,000 inch). Process dusts
below- 0.5 micron in siz¢ are rare.
Dusts above § microns in size usually
will not stay | air- born; Ionc Lnnugh
to present an inhal

inc of -organic
materials. Smoke generally contains
droplets as well as dry particles.
Tobacco, for instance, produces a
wet smoke composed of minute tarry
4

11, Dust may enter lhc air fmm
various sources. It may by dispersed
when a dusty material is handled.
such’ as when Iead oxide is dumped
into a mixer or a product is dusted

Figure 1. Duat from lovadry sand is gensroted
during the thare.out of cetings. The mechanical
ottien of the thehe-out mochine ditperies the
dunt. Poth token by the dust porficles os they
are drown into the hood thows the efficiency
of the locol exhaust system. (Courtary Amaricon
Foundrymen's Society!
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plots. The -size of the particles
conlam.,d in tobacco smoh. is about
0.25 micron.

15. Radioactive dust ma) be dis-
persed in the same ways as other in-
dustrial dusts. Radium. thorium, and
other radioactive clements are pres-
ent in extremely minute amounts in
the atmosphere.

Magnitude of particles

16. When a solid is broken into
fincly divided particles, its surface
arca is increased many times, For cx-
ample, | cubic centimeter (0.06%
cubic inch) of quanz in the form of a
cube when crushed into 1-micron
cubes will give 1017 (1.000,000.-
000.000 or one trillion) particles
with a tota! surface area of 6 square
meters (9.300 square inches), as
compared with 6 square centimeters
0.930 squarc inch) for the original
cube.

I7. When a solid is broken into
finely divided particles, the volume
occupicd by the mass is also in-
creased b of the voids b

50 million particles per cubic foot of
air (mppef), resulting from 1 cubic
centimeter of material reduced -to
particles | cubic micron in size, will
occupy - an air space of 20,000
“cubic feet.

18. Even smaller amounts of toxic
dusts, fumes, and mists, will make a
workroom atmospherc hazardous.
For example, the threshold limit
value for lead, as adopted by the
Amegican Conference of Govern-
men(al Industrial Hygienists, is 0.2
mnll&mm per cubic meter of air
(mg/cu m), which is 0.0000002
‘ounce per cubic foot. Therelore,
the dispersion of only 0.002 ounce
of lead will be enough to give the
threshold limit value of 0.2 mg/cum
of dust or fume in an air 'space of
10,000 cubic feet (280 cubic me-

.ters). The concentrations that may
be preseat in the workroom \\nhoul
harm to health are differcnt for duﬂcr-
ent substances.
. 19. A person with norma.l cye-
sight can detect dust particles as small
as SO microns in diameter. Smallcr
air-borne particles can be deteeted
individually by the naked cye only
when strong light is rcflccted from
them. Dust of respirable size (below
10 microns) cannot be seen without
the aid of a microscope.

20. Most industrial* dusts consist

. of particles that vary widely in size.

with the smal! patticles greatly out-
numbering the large ones. Consc-
quently, with few exceptions, when
dust is ngticeable in the air around
an operation, probably more invis-

sible dust particles than visible oncs

are present.

Separation in airborne dust

21. Dust in the air may or may
not have the same composition as
its parent material. The determining
factors are the particle size and
density of cach component in the
original mixture, and the hardness
of the matcrials (hard. materials will
resist the pulverizing action of. a
"mechanical device.)
. 22. For example, foundry mold-
ing sand contains a large percentage
of free 'silica (quarz) with a lower
percentage of clays. Most of the clays
consist of finc particles that can be
air-bornc. but most of the quartz
particles are too large to be air-
borne. The air-borne dust, there-
fore. as' compared with the original

may contain 3 much higher

the particles. A dust ion of

P ge of clays and "a much
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Tower percentage of free silica.

23. Dust particles arc, of course,
attracted by gravity, Their settling
rate through still air-will vary with
their size, density, and shape. Mi-
crascopically small particles settle out
more slowly than larger particles be-
cause of their relatively minor densi-
ty and because of their being in-

Py d

Mineral particles Jarger than 10 mi-

- crons will settle out relatively fast.

The estimated setiling rates for silica
dusts in still air are given in Table .

TABLE 1. SETTUNG RATES
FOR S|LICA DUSTS .

digestive tract before they are elimi-
" nated. Hence the-final toxic effects |

.can cause hay fever from its action

of larger dust particles may be de-
layed. The larger particles of irri-
tant dusts can cause immediate effects
in the upper respiratory system.

27. Ragweed pollen, which var-
ies from 18 to 25 microns in diameter

in the upper respiratory system. This
type of dust and other allergenic
types, -as well as bacterial "3ad
irritant dusts, can cause dmicuky
even in the larger air-borme sizcs.

28. When dust-laden air is in-
haled, some of the larger particles arc
trapped by .the hairs in the nose.

. Other dust particles arc removed

from the air as’ it passes over the
moist membranes of the nose,

ﬁmc to

L : Fall 1 Foot
Size in Microns {minutes)
0.25 590.0
0.50 187.0
1.007 540

200 ;145
500 . C 25

'24. Most of the particles in air-
bome industrial dusts are small. Be-
cause of aif currents, the fine parti-

throat, and other portions of the
upper respiratory system. .

.29. The bronchi and other re-
spiratory ‘passages arc “covered with
a large number of tiny, hairlike
cilia or microscopic whiplashes, -
which aid in the removal of dust
trapped on these moist surfaces. The
cilia, all bending in one direction,
make a fast stroke toward the mouth
and a slower return stroke. This
action tends o push mucous and
deposited dust upward to the mouth
so that the particles can be ex-

cles in dust clouds at an op
will remain suspended in the work-
room air for relatively long periods

of time. The smaller dust particles, .

morcover, will travel farthér away
from their point of origin than will
the larger pamcks so that the far-

ther dust is from its source, the '

greater the percentage or small par-
ticles it contains.

Inhalation of Dusb, Fumes,

. and Mists .

25. With the exception.of such
fibrous materials as asbestos, dust
pamclcs must usually be smaller than
"5 microns in order to enter the alveoli
or inner recesses of the lungs. Al-
lhough a few particles up to 10
microns in size may enter the lungs
occasionally, nearly all the larger
particles are trapped in the nasal
passages. throat, larynx, trachea, and
bronchi, from which they are expec-
torated or swallowed into the diges-
tive tract.

26. When Iargcr particles of cer-
tain toxic dusts are trapped in the
upper respiratory passages, they
can be absorbed by the body fluids

in the nasal passages and in the -
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Ratention of dust

30. Many studies have been made
in an eflort to determine the amount

of dust that is retained in the lungs, '

but there Is no simple answer 2o this
question. It has been shown that
the size of the dust particles, the
rate of respu-anon, the density of
the dust in the air, the efficiency of
the dust-catching mechanism, and
probably many other factors are in-
volved.

Sizes of particles inhaled

31, Although an occasional dust
particle of larger size will cnter the
lungs, particles Jess than 3 microns in
diameter are the most likely to do so
and thus have the greatest oppor-"
tunity to cause a physiological re-
_action. In silicotic lungs, for example,
dust particles under 3 microns greatly
outnumber larger ones, and many
particles are less than | micron.
32. In the case of very ﬁne

Figure 2. Metc! volatilized by the heot of weld-
ing lpter condenses to ‘form o feme. On this
bench-welding Intcllation, fumes ‘ore remaved
ot their point of origin by o properly locsted
tocul sxhount insoflafion. (Courtesy American
Faundrymen's Society)

of asl;éstos workers at autopsy. ‘A

‘typla! fibrosis caused by asbestos

is produeed by fibers ranging from-
20 to 50 microns in length, but only
a few microns wide.

Physiological effocts

33, The physiological reacuons
caused by the inhalation of air-
borne particulate matter will vary
with differeat types of dusts, fumes,
and mists. The reactions inciude:
a. The cardiopulmonary  reaction

which consists of the pneumoce- .

nioses, such as silicosis and asbes-
tosis. In certain cases, speific types
of lung pathology result. and the
heart may be affected (cor pul-
monale) when the fibrosis is ad-
vanced. In other cases, there is
maialy just 2n accumulation.of a
relatively inert dust in thé lungs.
b. The systemic reactions which are
caused by toxic dusts of such ele-

ments as lead, manganese, ¢ad-

mium, and mercury, by their com-
pounds, and by cemln organic
compounds.

¢ Meul fume _i:v:r which results .

from the inhalation of finely divid-
ed and freshly generated fume of
zinc or possibly of ma;nesmm or
of their oxides. This is & transient
condition.

d: Allergic and sensitization reactions B

- which may be caused by inhala-
tion of, or skin contact with, such
malerials as organic dusts from
flour, grains. and some woods and

dusts of a few orgamc and iner- |

gzmc chemicals.

fibrous asb dust, an p

occurs in the size of particles in-
haled. Many fibers up to $00 microns:
tong have been found in the lungs

-

c. B fal and- fungus mfecuons
which occur from inhalation of
dusts containing active urpmsms.
such as wool or lur dust contain-
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