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Introduction

-1. Industrial dusts, mists, and
fumes, their hazards and their con-
trol, are discussed in this data sheet.®
The general principles presented
can be applied to evaluate most in-
dustrial situations involving these
air contaminants and to determine
the need for controls. This data sheet
is intended to guide employers, plant
safety engineers, personnel man-
agers, and supervisors.

2. A plant manager who believes
that he has a toxic or irritating dust
problem should consult a competent
industrial hygienist. Such help may
be obtained from his own company,
insurance carrier, private consul-
tfants, or state health or labor
agency.

3. To protect the health of em-
ployees who work where a dust,
fume, or mist created by a manufac-
turing process is released into the at-
mosphere, a control program may be
required. In such a case, three steps
must be taken:

a. The properties of the specific dust,
fume, or mist and its possible
physiological effecis on employees
must be ascertained.

*This data sheet covers toxic and irri-
uting sir contaminanis encountered in
industry. It does not include a discussion
of the explosive properties of such air-
borne particulate maner.

This data sheet is one of a series
published by the Nationol Safety
“Council, reflecting experience from
many sources. Not every accept
able safety procedure in this
field is necessarily included. This
data sheet should not be com-
fused with American Safery Stend-
ards, federal laws, insurcnce re-
quirements, itate laws, rules, reg-
viations eor municipal ordinances.

b. The particular exposure must be
evaluated by dust couats or by
chemical analyses of air samples,
and a step-by-step analysis of the
operations must be made to find
the areas where employees are ex-
posed to hazardous amounts of
the material. The operational anal-
ysis also should determine how
the dust, fume, or mist is dispersed.

Appropriate  methods of control
must be provided where indicated.
The type and extent of controls
will depend upon the physical,
chemical, and toxic properties of
the dust, fume, or mist, the evalua-
tion made of the exposure, and the
operation that disperses the con-
taminant. The extensive controls
needed for lead oxide dust, for
example, would not be needed for
limestone dust, since much greater
quantities of limestone dust can be
tolerated.
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4. Except for the skin diseases.
most occupational diseases are ac-
quired by inhalation of material.
Lung tissue is by far the most efficient
medium the body possesses for ab-
sorbing materials. In addition, the
surface area of this lung tissue aver-

ages 55 square meters or about 590

square feet.

§. Certain dusts that reach the
lungs can pass directly into the blood
stream and be absorbed over a long
period of time. Others may stay in the
lungs and set up local irritant or dam-
aging action.

6. Toxic and irritant dusts can
also be ingested in amounts that may
cause trouble. If toxic dust swal-
lowed with food or saliva is not sol-
uble in body fluids, it is eliminated
directly through the intestinal tract.
Toxic materials that are readily sol-
uble in body fluids can be absorbed
in the digestive system and picked up
by the bicod.

7. A third way in which toxic
and irritant substances may enter the
system is skin absorption. Many or-
ganic compounds, such as TNT, cy-
anides, and most aromatic amines,
amides, and phenols, can produce
systemic poisoning by direct contact
with the skin. Conuct of toxic and
irritant dusts with the skin also may
result in skin irritation.

8. As compared to inhalauon,
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23, Dust parucics are, of course,
atracted by gravity. Their seutling
rate through still air will vary with
their size, density, and shape. Mi-
croscopically small particles setile out
more slowly than larger particles be-
cause of their relatively minor densi-
ty and because of their being in-
fluenced by Brownian movement.
Mineral particles larger than 10 mi-
crons will settle out relatively fast,
The estimated settling rates for silica
dusts in still air are given in Table 1.

TABLE ). SETTUING RATES
FOR SILICA DUSTS
Time to
Fall 1 Foot
Size in Microns (minytes)
0.25 590.0
0.50 187.0
1.00 54.0
2.00 14.5
5.00 : 2.5

24. Most of the particles in air-
borne industrial dusts are small. Be-
cause of air currents, the fine parti-
cles in dust clouds at an operation
will remain suspended in the work-
room air for relatively long periods
of time. The smaller dust particles,
moreover, will travel farther away
from their point of origin than will
the larger particles so that the far-
ther dust is from its source, the
greater the percentage of small par-
ticles it contains.

Inhalation of Dusts, Fumes,

and Mists

25. With the exception of such
fibrous materials as asbestos, dust
particles must usually be smaller than
5 microns in order to enter the alveoli
or inner recesses of the lungs. Al-
though 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-
tgraxed or swallowed into the diges-
uve tract.

26. When larger particles of cer-
tain toxic dusts are uapped in the
upper respiratory passages, they
can be absorbed by the body fuids
in the nasal passages and in the
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nated. Hence the faal toxic effscis
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. Rag~esd pollen, which var-
ies from 18 to 25 microns in diameter
can cause hay fever from its action
in the upper respiratory sysiem. This
type of dust and oiher allergenic
types, as well as bacterial and
irritant dusts, can cause difficulty
even in the larger air-borne sizes.

28. When dust-laden air is in-
haled, some of the larger panticles are
trapped by the hairs in the nose.
Other dust particles are removed
from the air as it passes over the
moist mucous membranes of the nose,
throat, and other portions of the
upper respiratory system.

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

Retention of dust

30. Many studies have been made
in an effon 10 determine the amount
of dust that is retained in the lungs,
but there is no simple answer to this
question. It has been shown that
the size of the dust particles, the
rate of respiraton, the density of
the dust in the air, the efficiency of
the dust-caiching mechanism, and
probably many other factors are in-
volved.

Sizes of particles inhaled

31. Although an occasional dust
particle of larger size will enter the
lungs, particles less 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 gready
outnumber larger ones, and many
particles are less than | micron.

32. In the case of very fine
fibrous asbestos dust, an exception
occurs in the size of particles ia-
haled. Many fibers up to 100 microns
long have been found in the lungs

Figure 2. Meral velaniized by the hest of weld:

ing later condenses e farm & fume On miy
bench-welding imrallation, fumes are removed
ot their peint of arigin by @ properly lecated
tacal eshouet insmilation. (Covrrery American
Feundrymen's Society)

of asbestos workers at autopsy. A
typical fibrosis caused by asbestos
is produced by fibers ranging from
20 to 50 microns in length, but only
a few microns wide. '

Physiological effects

33. The physiological reactions
caused by the inhalation of air-
borne particulate matter will vary
with different types of dusts, fumes,
and mists. The reactions include:

a. The cardiopulmonary reaction
which consists of the pneumoco-
nioses, such as silicosis and asbes-
iosis. In certain cases. specific types
of lung pathology result. and the
heart may be affected (cor pui-
monale) when the fibrosis is ad-
vanced. In other cases. there is
mainly just an aczumulation of a
relatively inert dust in the lungs.

b. The sysitemic reactions which are
caused by toxic dusts of such ele-
ments as lead. manganese. cad-
mium, and mercury, by their com-
pounds, and by certain organic
compounds.

¢. Metal fume fever which results
from the inhalation of finely divid-
ed and freshly generated fume of
zinc or possibly of magnesium or
of their oxides. This is a transient
condition.

d. Allerzic and sensitization reasnons
which may be caused by inhala-
tion of. or skin contact with. such
matenials as organic dusts from
flour, grains, and some woods and
dusts of a few organmic and inof-
ganic chemicals.

e. Bacterial and fungus infections
which occur [from inhalation of
dusts containing aclive Organisms.
such as wool or fur Jdust contain-




SILICATES

(Compounds made up of slicon, ozygen, and one or more metals with or
without hydrogen. These dusts couse nonspecific dust reactions, but generally
do not interfere with pulmonary function or result in disabiliry.)

Fuller’s earth A hydrated iilico—aluming compound, associated with ferric oxide. Used as a 50 mppcfr
filtler medium and as a catalyst ond catalyst carrier and in cosmetics and '
insecticidesr.

Kaolin A type of day composed of mixed iilicates and used for refractories, ceramia, 50 mppcit
tile, ond stonewars.

Mico A large group of ilicares of varying compasition, but similar in physicol proper. 20 mppctt
ties. All have escellent cdeavage and can be iplit ino very thin sheen. Used
n electrical insulation.

Portland cement Fine powder containing compounds of lime, aluminag, slica, ond iron oxide. 50 moppctt
Used a3 construction material.

Siicon Bluish-black, very hard crystols. Used as abrasive and refractory material. 50 mppcft

carbide
(Cacborundum)

Tale A hydrous mognesium silate used in ceramics, cowmaetics, paint, and phar- 20 mppcit
maceuticals, and a3 a filler in 100p, putty, and plaster.

Vermiculita An expanded mice (hydrated Qgnesi I iron slicate). Used in light- 50 mppcft

weight aggregates, insulation, fertilizer, and il conditioners, as a filler in
rvbber and paints, and as a catalyst carrier.

1Threshold limits p’ve'n for substances in “Silicates™ group are for compounds containing less than 1 per cent crystalline silica. For

compounds containing more than | per cent silica, calculate threshold limit from formula:

Tag anthrax spores or wood bark
or grain dust containing parasitic
fungi.
£ Imritation of the nose and throat,
- which is caused by acid, alkali. or
- other irritating dusts or mists. Some
dusts such as soluble chromate
dusts may cause ulceration of the
nasal passages or even lung cancer.
g Damage to internal tigsues, which
may result from inhaled radioac-
tive materials such as radium and
fts daughter products and from
other radioisotopes that emit highly
jonizing radiation.

Pneumoconioses

34. Pneumoconiosis comes from
three Greek words that mean “lung,”
“dust,” and “abnormal condition.”
The present generally accepted
meaning of the word is merely “dusty
lung.™ The kind of dust inhaled
determines the type of condition or
injury. A oumber of organic dusts
are capable of producting lung dis-
eases, but not all these diseases
are classified as pneumoconioses be-
cause they are not all a “dusty coao-
dition™ of the lung.

35. In very rare cases, enough
dust had been inhaled to cause

—mechanical blockage of the air

spaces. Flour dust has been known
10 cause this condition. Some dusts

may be essentially inert and remain
in the lungs indefinitely with no
recognizable irritation, and a few
like limestone dust may be gradually
dissolved and eliminated without
harm.

Silicosis

36. The most important lung dis-
ease caused by the inhalation of
mineral dust is silicosis—well-known
in industries where crystalline free
silica dust is present, such as foun-
dries, glass manufacturing, granite
cutting, mining, and tunneling in
quartz rock. It is found throughout
the world, and in the past it has had
many names. such as miner’s asth-
ma, grinder's consumption, miner’s
phthisis, potter’s rot, and stone-
mason's disease. The same occupa-
tional disease, however, is meant by
all these names, and it is caused by
dust from crysialline free silica, us-
ually quartz (see Table I1).

37. Although considerable prog-
ress has been made in dust control
in industry, men stll develop sili-
cosis in plants and on jobs where
dust control is not adequate. Engi-
neering conuol s stll the basic
means of prevénting this disease, and
dust control equipment and proce-
dures must be carefully maintained.

250
% Si0: + 3

38. Definition. Silicosis has been
defined as “a disease due 10 breath-
ing air conuining silica (SiO;)
characterized anaromically by gener-
alized fibrotic changes and the de-
velopment of miliary nodulation in
both lungs, and clinically by short-
ness of breath, decreased chest ex-
pansion, lessened capacity for work,
absence of fever, increased suscep-
tibility to tuberculosis (some or ail
of which symptoms may be present),
and by characteristic X-ray find-
ings.™* )

39. Facrors of influence. Sili-
cosis has been known to manifest
itself after widely differing periods
of exposure to silica dust. Appar-
ently, development of the disease
depends upon:

3. The amount and kind of dust in-
haled.

b. The percentage of free silica con-
ained in the dust,

¢. The form of the silica.

d. The size of the parucles inhaled

¢. The duration of the exposure.

*“Report (Joint) of the Commitiez on
Pneumoxoniosis and the Commutiee on
Standard Practices in Compensauion of
Occupationa! Discases.” Year ook, 1913,
American Public Health Assoc:auon, 1790
Broadway, New York 19. p 100
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p‘h};ioiogical effects of these prod
ucts have not been well defined.
Until inore experience with human
beings is available, it is believed
these products should be handled
with care.

57. Free silica and silicates. Free
silica is uncombined silicon dioxide
(Si0O.;). Silicates contain silicon
and oxygen combined with other ele-
ments in 2 more complex molecule.
Analyses of minerals, particularly in
geological reports, are sometimes re-
ported as percentages of oxides,
which may inciude Si0,, A1.0,,
K20, Fe.,0;. The Si0. reported in
such chemical analyses is the total
of the silicon dioxide present, both
the free silica (if present), and the
silica combined in the mineral. Such
analyses are not reliable indications
of the silicosis potential of the
material.

58. It is uncombined or free silica
that is most important in industrial
dust exposure. So that an exposure
can be properly evaluated, the per-
centage of uncombined silica must be
determined by petrographic analysis
using a polarizing microscope or,
preferably, by X-ray diffraction
analyses and special analytical
chemical procedures.

39. There has been some experi-
mental evidence that some dusts may
tend to inhibit the action of silica on
the body, but this inhibiting action
is so slight and uncertain that it
must be discounted in practice. In
fact, there also is evidence that the
nonsiliceous components of 2 dust
mixture containing free silica may
provoke a disabling condition more
severe than that caused by the silica
acting alone.

60. With the exception of asbes-
tos and some talcs, the silicate dusts
do not ordinarily cause a serious
disabling lung condition such as is
produced by free silica. Much higher
levels of silicate dusts than of free
silica dust can be tolerated.

61. In many industries, men have
worked with silicate dusts that con-
tained no free silica without devel-
opment of disability or of nodulation
in the lungs. The X-ray may show
shadows indicating dust deposits in
he lungs, but the pneumoconiosis is
essentially harmless. However, par-
tially disabling pneumnoconioses have
been reported where men have
worked for long periods of time in

P

very high consentratieas of certain
silicate dusts.

62. Disabling pneumoconioses
from exposure to abnormaily high
concentrations of mica, tremolite
tale, and kaolin dusts have been de-
scribed in the literature. The clinical
signs are not the same for these sili-
cate dusts as for free silica. but the
symptoms can be marked.

63. The body does not have ada-
quate defense against indiscrimi-
nate amounts of dust of any kind.
Therefore, although specific symp-
loms have not been described for
many mineral dusts, the general ex-
perience would indicate that dust
levels should be kept within thresh-
old limit values or below (Table 11).

Asbestosis

64. Asbestos is a general term ap-
plied to several minerals having a
fibrous character. These asbestos
minerals are hydrated silicates of
magnesium with variable amounts of
iron, calcium, sodium, potassium,
and aluminum present as impurities.

65. Asbestos. when inhaled pro-
duces fibrous tissue in the lungs of
both men and animals. It has been
shown that fibers of asbestos must
be present for the production of
asbestosis. Other silicate minerals of
the same chemical composition but
nonfibrous in form produce no re-
action or a relatively mild reaction,
but not the severe reaction of fibrous
asbestos dust.

66. These facts lead to the con-
clusion that asbestosis is mainly the
result of physical irritation of the
lung tisssue and not of a chemical
action, which is thought to be one of
the causes of silicosis. It is suspected
that lung cancer may be induced by
asbestos. However, there is no im-
pressive amount of evidence to sup-
port this assumption.

67. The fine air-borne fibers of
asbestos can pass through the upper
respiralory wact to the lower parts
of the lungs to cause irritation and
1o form “asbestos bodies™ where the
fibers are encapsulated. This diffuse
fibrosis probably begins as a “collar™
about the terminal bronchioles.
There is evidence that other min-
erals having a fibrous character can
produce a reaction similar to that
of asbestos. Fiber glass, however,
does not produce such a reaction.

68. Following a study by the
U. S. Public Health Service of the

asoustos lexile industry.® i was
recommended that the dust concen-
tration be kept at less than § mppc!
to prevent asbestosis. Evaluation of
an exposure 10 abestos dust is based
on the roral amount of dust because
it has proved out in pracice that
if the fine dust is kept below the
suggested threshold limit. the concen-
tration of injurious fibers will also
be kept within safe limits.

Talcosis

69. As used in industry, "™ale”
is a very general term. To the geolo-
gist, talc is a hydrous magnesium sili-
cate, which may be a relatively purs
mineral or may be mixed with tremo-
lite or with dolomite depending upon
where it is mined. The term “tale”™ is
applied commercially to carbonate
mixtures that have the same general
feel and physical properties; it also
is applied to pyrophyllite. a hvdrous
aluminum silicate, which frequently
is mixed with a high percentage of
quartz. The free silica generally
found with pyrophyllite can cause
silicosis. It is therefore essential 10
know which talc is being used in
order to evaluate a specific dust ex-
posure.

70. Talcosis is usually associ-
ated with tremolite talc. This disease
produces changes in the lungs and
symptoms similar to those of as-
bestosis.

Anthracosilicosis

71. Anthracosilicosis, a complex
form of pneumoconiosis, is a chronic
disease caused by breathing air con-
taining dust that has free silica as
one of ity components and that is
generated in the various processes
involved in mining and preparing
anthracite (hard coal)**® and. 10 a
lesser degree, bituminous coal.

72. The disease is characterized
anatomically by generalized fibrotic
changes throughout both lungs and
by the presence of excessive amounts

*Dreesen, W. C_ Dalla Valle. }. M.
Edwards, T. I. Miller. J. W.. and Sarers.

* R. R A Study of Asbestosis in the As-

bestos Textile Indusiry, U. S. Publc
Heaith Bulletin No. 241, U. S. Pubdic
Health Service, Washingpion 25, D. C.
1938.

** 4nthracosilicosis among Hard Coal
Miners, U. S. Public Health Bulletin No.
221, U. S. Public Health Service. Wash.
ington 25, D. C., 193S.




TABLE 11, SELECTED TOXIC DUSTS AND FUMES (Canfinued)

Threshold Limit
in Milligrams per

Substance Description and Eecns Cubic Mater of Air®

Mangonese Silvery gray metal. Hozardous from 5.0
inhalction of fumes or dust.

Pentachlorsphenol Dark<olored flokes. Harmful dust. 0S5 (skin®*)
Emits tozic fumes when heated.

Phasphorus (yellow) Paisonous mainiy by inhalgtien. Severe 0.1
burn hozord from skin contact.

Pieric acid Yellow crystals or liquid. Explosive— 0.1 (skin**)
particularly metallic soits. Emits tozic
fumes on decomposition.

Selenium compounds Toxicity varies somewhat accarding 0.!
the solubility of rthe 1ipecific com-
pound. Often couses contact dermatitis.

Sodium hydroxide White, deliquescant pieces or lumps. 2.0
Mas severe action upon oll body tisve.

Teollurium Similar to selenium chemically and in 0.1
physiological effects.

Tionium dioxide White to block powder. Considered in 159
the nuisance cotegory.

Trinitrotolvene Coloriess 1o yellow monoclinic crystals. 1.5 (skin®®)

Uranivm

Yanadium pentorxide

Zine oxide
fume

Zirconium
cempounds

Emin toxic fumes of oxides of nitrogen
when heated to decompasition. Mighly
pononovs explosive.

Highly tozic and o rodiation hazard
that requires special consideration.

Yellow to red crystails. Acts chiefly a3
an irritant 10 the conjunctiva and re-
spirgtory froct.

Amorphous white or yellow powder.
The powder is eusentially nontesic, but
freshly genercted fume may couse
metal fume fever,

Mast compounds are inseluvble and
Mave low toxicity.

.-

0.0S5 (soluble com-
pounds)

0.28 (insoiuble com-
pounds)

0.5 (dust)
0.1 (fume)

S50

50

*These threshold limit values were adopted by the American Conference of Gavern-

mental Industrial Hygienists in 1962.

**The word “skin” in this table indicates that the substance can pesetrate the skin to

contribute 10 the caxposure.

of the individual, may be alarming
in a general X-ray screening pro-
gram. On clinical examination of in-
dividuals showing the X-ray mark-
ings, however, often no disability or
symptom can be found.

81. These shadows are {requently
encountered when the dusts contain
atoms of relatively high molecular
weight because the heavier atoms are
fairly opaque to X-rays. Insoluble
barium dusts and tin oxide dusts, for

example, can show very marked
shadows on X-ray films without pro-
ducing signs of significant pathology
(barium dust that is soluble in the
body fluids can give a toxic reaction).

82. lron oxide, particularly ex-
cessive fume from welding opera-
tions, may produce siderosis with a
pigmentation of the lungs (black in
welders and red in iron ore miners)
without disabiity. The X-ray shad-
ows produced by the iron oxide ia

thie lungs are sommz= hat similar to the
shadows from silicosis. Because of
this similanty, diflerential diagnesis
is often dificult, and heavy expesures
to iron oxide dust and fume may lead
to medicolezal problems. It is there-
fore imponant to control iron oxide
exposures even though siderosis is
pot disabling.

83. Limestone, marble, lime, gyp-
sum, and portland cement dusts ap-
parently have no serious effect zven
after long exposures. Alsc, many sili-
cates and other minerals have not
caused impairment in individuals in-
haling the dusts, and the resulting
pneumoconioses are generally classed
as benign.

Toxic Dusts and Fumes

84. Systemic reactions are caused
by toxic dusts and fumes of various
elements and their compounds and
by certain organic compounds. All
metallic fumes are irritating. especi-
ally when freshly generated. Indus-
trially important metals and their
compounds that can have a toxic
eflect when the dust or fume is in-
haled include arsenic, antimony, cad-
mium, chromium, lead. manganese,
mercury, selenium, tellurium, thall-
ium, uranium, and a few others.*®

85. The eflect of some metals,
such as magnesium and zinc, appears
to be transient. Only limited data
are available on the exotic and rare
earth metals.

86. Although the dusts and fumes
from metals with low toxicity do not
need as much attention as the dusts
and fumes from highly toxic metals,
they should not be neglected or
disregarded. The metals with low
toxicity are controlled more readily
because greater amounts can be tol-
erated, but their dusts and fumes
should be kept at reasonable levels
since excessive amounts of any of
them can be harmful (Table l]).

Lead peisening

87. Although extremely severe
cases of lead poisoning are rare in
industry today, lead exposures must
be controlled to prevent even the
moderate symptoms, which can be

*Sce the following Ninonal Safery
Council Data Sheets: Anrmony and Iy
Compo:.md:, 408:. Arsemc and lis lnoe-
gamie Compounds, 499; Codmium 312,
Leod, 443, AMagnesium, 426, Muncunese.
306, Mercury. 203, Titumum. 185, Ziac
and Zinc Oxide, 267, Zirconium Ponder,
382,
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wolons freddt the lzizhen of Slge
teria 2hd fungi cxists in several in-
dustries. Pulmonarny anthrax from
the inhalation of dust containing an-
thrax spores has occurred among em-
plovees engaged in the handling of
~oal and the crushing of bones from
nfected animals.

105. Fung (molds) growing on
grain bave beea found in sputum
of workmen shoveling the grain and
are believed to be the cause of out-
breaks of respiratory disorders.
Fungi found in sugar cane residues
(bagasse) are believed to be pan
of the cause of bagassosis. Fungal
spores formed under the bark of
some tress have been blamed for
respiratory difficulties among em-
ployees who debark dry logs.

106. Although the incidence of
occupationally related bacterial and
fungal infections is found to be
refatively low, the respiratory eflects
can be troublesome and. in the case
of pulmonary anthrax, even fatal.
The basic methods of control are the
same as those for the pneumoconio-
sis producing dusts. but sterilization
and disinfection must be added.

Radicactive Dusts*

107. A radioactive contaminant
a3y offer a chemical toxicity hazard
in addition to an ionizing radiation
exposure. and it may be present as
a gas, dust, fume. or mist.

108. Radioactive contaminants
taken into the body may be deposited
in various organs where they consti-
tute sources of internal radiation.
The chemical characteristics of the
radioactive contaminant or isotope
determine the organ in which it will
_be deposited. The excretion rate is
also dependent upon the chemical
nature of the isotope. because the
radicactive isotopes of an element
follow the same metabolic process as
do the suble isotopes of that ele-
ment.

109. If a radioisotope has been
deposited in the body. the internal
exposure is regarded as continuous
until the isotope is lost by radiologi-
cal or biological decay. In some
cases, exposures may last a lifetime,

*For a detailed dikussion of radio-
actnvity  and an ettensive bibliography.
see the chapier enutled “tonizing Radia-
uon” in the Accident Prevention Munual
for Indusiriul Operativas. published by
the National Safety Council.
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110, Sincs radivisotopus afe se-
lectively waken up in individual or-
gans, they may cause only localized
irradiation. The radioseasitivity of
the organ dictates the extent of the
hazard of a particular radioactive
substance. Solubility and parnticle
size determine how much of the ac-
tive material will gain access to and
remain in the blood stream and var-
ious organs. !

111. If radicactive air-borne con-
tamination is known to be present,
control measures are mandatory. If
the presence of contamination is un-
known but suspected, sampling must
be done to determine whether or not
air-borne concentrations of the ra-
dioisotope are below the threshold
limit value.

112. Good personal hygiene and
good operating techniques are much
more important in the handling of
radioactive materials than in the han-
dling of most other materials used in
industry.

113. Engineering controls for
radioactive dusts are similar (o those
for other dusts and depend primarily
upon capture at the point of genera-
tion. The difference lies in the fact
that controls for radioactive dusts
must be extremely efficient. Thresh-
old limit values for radioactive par-
ticulate matter are very low, and in
some cases 100 per cent efficiency in
capture and retention is required.

Permissible Dustiness

114. Threshold limit values of
mineral dusts and toxic dusts—that
is, time-weighted average concentra-
tions considered permissible for ex-
posures of eight hours per day, five
days per week—have been pub-
lished by the American Conference
of Governmental Industrial Hygien-
ists. These values have been obtained
from the experience of many groups
in industry and from laboratory
studies on animals. They are re-
viewed annually and changed as nec-
essary on the basis of experience.

115. These values are set only
as guides for the best practice and
are not to be considered absolute
values. There is reasonable assur-
ance that occupational disease will
not occur il exposures are kept be-
low these levels. On the other hand,
occupational disease is likely to de-
velop in some people il the recom-
mended levels are exceeded consis-
tently.

116, The curreatly recommundod
threshold limits of particulur dusts
can be found in the most recenth
published ACGIH list, or the
ACGIH can be consulted directy.
Information on threshold limits alea
can be obrained from the National
Safety Council, state oczupational
health agencies, ithe American Indus-
trial Hygiene Association. and com-
pensation insurance carriers.

117. No one knows the exact
concentration at which men will siart
to develop silicosis. asbestosis. or
lead poisoning. With some toxic
dusts, however, experience hus besn
wide enough to establish the present
threshold limits as fairly reliable.

118. For example, if the level of
lead in a workroom is kept below
0.2 mg ‘cu m, experience has shown
that cascs of lead intoxication will
not occur. Experience also has
shown that many mcn can tolerate
lead levels well above 0.2 mg:
cu m without signs of trouble.

Mineral dusts

119. In the United States, the
threshold limits for mineral dusts
are expressed in millions of par-
ticles per cubic foot of air (mppcf).
The concentration of a mineral dust
is determined by counting dust par-
ticles that are less than 10 microns
in size in an aliquot sample after
sampling a known volume of air
in 3 known volume of liquid. In
some European countries, mineral
dusts are weighed, and permissible
levels are expressed as milligrams
of dust per cubic meter of air (mg/
cu m). In England and some other
areas, the number of particles per
cubic centimeter is the current basis
of measurement.

120. In comparing United States
and foreign dust counts, it is helpful
to keep in mind that 100 parucles
per cubic centimeter is equis alent 10
approximately 3 million particles
per cubic foot.

121. It is difficult to compare
dust counts with results obtained on
the basis of weight. However. with
either type of measurement. a thresh-
old limit can be set as an objec-
tive. Experience has shown that
maintaining dust levels below the
recommended threshold limits has
resulted in a great decrease in (he
incidence of occupational discases.

122. Threshold limits are Sased
on the percentage of free s.hca
where this substance is the :mpor-
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Figure 4. Sincs this swing-lrame grinder s veed
in @ wmriety of pasifiens, the lecel ezheust sy»
fam must be edivireble. The flesible dua (A)

permity t of the esheunt hoed (B) e
aeeded. (Courtesy Amaricnn Foundrymen’s Se-
dety)

nevertheless, shouid not be con-
sidered as a universa] substitute
for adequate local exhaust re-
moval, elimination of the ¢on-
taminant, or containmeat
129. Many states and municipal-
ities have dust control codes or or-
dinances with which employers
must comply. In a few states, for
instance, written approval of plans
must be obtained before a local
exhaust system- is installed. Each
employer should therefore know his
state and municipal dust control re-
uirements,
© 130. Each type of exposure must
be considered separately. For ex-
ample, a local exhaust system suit-
able for welding or cutting of steel
might not be satisfactory for weld-
ing or cutting steel coated with red
fead.

Local exhaust systems

131. A local exhaust system for
the control of an industrial dust or
fume traps the air contaminant
near its source so that an operator
standing at the process is not ex-
posed to harmful concentrations.
The system should be designed to
enclose the process as completely
as possible. This method usually is
preferred to general ventilation,
but should be used only when the
contaminant cannot be controlled
by isolation, process revision, or
substitution of less harmful mate-
nals. Even though a process has
been isolated, it may still require
2 local exhaust system.

132. A local exhaust system con-
sists of four principal parts:
& Hoods or other inlets, into which

the air-borme contaminant s
drawa.

b. Ducts, t0 camy uie cuniaininated
air to a central point

¢. Dust and fume collectors, to clean
the air before it is discharged.

d. A fan and motor to keep the air
moving through the system.

133. While each of these parts
should be designed and installed to
perform its required function with
respect to the system as a whole,
design of the exhaust hood demands
the greatest care. The degree of
control of dust at the point of ‘gen-
eration or dispersion is determined
by the shape of the hood or degree
of enclosure, the location of the
bood and its distance from the dust
source, and the rate of flow of air
into the hood. A poorly designed
hood can make an exhaust system
ineffective. .

134. There is no standard hood.
In every case, the hood must be
designed to fit the specific opera-
tion and to make the exhaust effec-
tive without interfering with the
operation (Figure 4). Among the
factors to be considered are the nat-
ural air currents in the room and
other exhausts or windows in the
area, .

135. The hood should be shaped
to conform to the shape of the area
of dust production so as to secure
reasonably uniform air velocity over
this area. A hood which does not en-
close the process should be placed
with its opening as close as possible
to the point of generation of the
dust or fume (Figure §) because
the velocity of the air in the zone
of the hood influence is inversely
proportional to the square of the
distance from the face of the hood.

136. The hood opening, or part
of it, should be located so as to re-
ceive directly dust that is thrown
off along a well-designated path
(Figure 6). The directional energy
of the material can thus be used
for its own- capture. Air movement
must always be past the employese,
thea over the dust source, and di-
rectly into the face of the hood.

137. The fan should be of suffi-
cient capacity to maintain the re-
quired air capture velocity at the
point of generation of the dust. la-
ternal baffles shouid be installed to
guide the air flow where it is most
needed. Flanges should be provided
wherever possible to reduce the air
Bow from areas where oo dust is
produced; that is, air-flow contours
should be controlled.

138, Eocmigh air iaust e sup-
plied to the room {rom the outside 0
replace the air that is removed by
the exhaust system. Otherwise,
there will be interference with other
exhaust systems in the area or with
gas or oil flames in nearby furnacss.
Great difficulty has occurred where
an exhaust system caused a slighty
negalive pressure in a room con-
taining a gas furnace. As a result
air came dowa the [(urnace flue,
and the area became contaminated
with carbon monoxide from the fur-
nace.

139. With small exhaust systems,
air that is removed usually can be
replaced by infiltration flow, but
larger exhausts may nesd a positive
air supply (Figure 7). An adequate
supply of make-up air, tempersd
when necsssary, is one of the most
frequently overlooked fundamentals
of ventilation. Air always should be
supplied in quantities equal to or
slighdy in excess of the amounts
exhausted.

140. The size of the ducts, the
type and size of the dust collectors,
and the type and size of the fan
and motor (explosion-proof where
necessary) are among the other fac-
tors which must be considered in the
design of an exhaust system. Pre-
venting ignition of a combustible

Figure 5. Te echieve the preper eshaut eir
welocity, the hoods fer theie barred fernaces
cah be peritisned as cae te the furnace 1oeun
o prochicel. Such pevitianing i made porvuble
by meunfing the hoods sa o teiley 1vipended
from on sverhead treck. (Covrtery American

Seke Shee Col
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Srlent tR0.id not be usciniooved.
The .pefiodic medical examinations
provide a good opportunity {or in-
scruction of employees in various
personal hygiene measures.

157. Good washing [acilities,
clean lunchrooms, and clean work
clothes can help prevent additional,
even though minor, exposure to
toxic materials. Also, contaminated
work clothes should not be taken
bome where a toxic dust could
contaminate the home or expose
other members of the family. These
recommendations become manda-
tory where such materials as beryl-
lium and radioisotopes are handled.
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