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THIS MA"“AL is’ published by

the National Safety Council as a part of the service
materials provided for its industrial members.

§

The MANUAL is revised from time to time. The
comment of its users is therefore solicited in matters
of accuracy and completeness, particularly in i'_egard

to hazards arising from the introduction into

industry of new materials, new equipment and new

processes. .
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For some years there has been need for a compact source of basic
information on accident prevention in industry. The body of safety engi-
neering knowledge has expanded tremendously since the first concerted
cfforts were made at the beginning of the century to reduce industrial
losses. The National Safety Council and many other agencies have in the

- interim published the result of their experience and research in many forms.

Until the publication of this book there has not been, however, one
volume which has presumed to serve as a ready reference which would put
the safety director immediately on the trail of the answer to all but the
mnost unusual of his safety problems,

The Safe Practices Pamphlets and Data Sheets, long established as
technical publications of the National Safety Council, give more extensive
discussion to accident prevention problems than does the MANUAL. They
are valuable complements to the MANUAL, but in no sense are they super-
seded by it. ’

Obviously no volume could encompass the details of accident preven-
tion engineering for every industrial operation, nor even for the operations
common to most industries. Industrial safety in specific application means
close analysis of the operation in question, the design and control of equip-
ment and environment so as to reduce the hazard, and the training of the
employee toward safe attitudes and practices. The variables of safety in
action are infinite. They can be discussed and illustrated in a single volume
only in terms of certain common characteristics.

The MANUAL is not a texthook covering the general field of accident
prevention theory, nor does it attempt to include the special problems of
specialized industries. Neither does it attempt to discuss ways and means
by which the employer can properly deal with the off-job hazards of his
einployees or participate in the public safety problems of his community.
The engineering problems of many special industries, and highway, home
and farm safety programs are more appropriately a part of other Council
publications.

The MANUAL is a comprehensive source of the “how” of safety, in-
tended to be kept at hand for frequent and ready reference by the safety
director, the safety engineer and the foreman. It sets forth the principles of
safety for activities in which the great majority of manufacturing indus-
trialists engage. It carries these principles into as much detail as it can
without contradicting the premise stated above that the application of acci-
dent prevention methods to the specific job must remain the responsibility
of the engineer. Such application necessarily involves a degree of ingenuity
and executive capacity as well as the extensive use of technical materials
from the National Safety Council and from other sources.



TABLE VII-B—TABLE OF CHEMICAL HAZARDS
(See paragraphs immediately preceding Table)

(

Auto-
Flash Lo ignition Prohable safe .
point  Explosive limits temperature concentration for Usual mode of Signs and symptoms
Substance °F. % by volume ° 8-hr. exposure entrance to body of poisoning
Lower Upper
acetaldehyde —17 4.0 57 365 less toxic than inhalation Irritation of eyes and respiratory
formaldehyde tract, cough, difficult breathing,
night sweats.
acetanilide 345 e e e less toxic than inhalation, Blueness of lips and fingertips,
aniline ingestion confusion, dizziness.
acetic acid 104 40 . 1050 et Powerful skin irritant.
acetone 0 2.55 12.8 1000 200 p.p.m™®* inhalation Trritation of skin, eyes, and upper
respiratory tract. _
acetylene gas 25 ‘80 635 none adopted inhalation Headache, nausea, sgﬂ‘ocation at
' extremely low very high concentrations.
toxicity
acrolein i e e <10 p.p.m? inhalation Extreme irritation of the eyes,
. skin and respiratory tract.
" acrylonitrile 32 305 . 898 20p.p.m.? inhalation Hydrogen cyanide effect due to
decomposition in body.
aluminum (powder) ... 035 L 1085  none adopted i
oz./cu.ft.
ammonia gas 16 25 1204 100 p.p.m.} inhalation Severe irritation of eyes and re-
' spiratory passages, cough, caustic
action on skin.
amyl acetate—n 76 T 714 400 p.p.mM* inhalation Irritation of eyes and respiratory
: tract, headache and dizziness,
cough, nausea.
amyl alcohol—n 100 1.2 . 700 100 p.p.m.* inhalation Same as amy! acetate.
aniline 168 e e 1000 5 to 7>p.p.m.5 absorption Acute: weakness, dizziness, blue-
through skin, ness of lips, fainting, possible
inhalation or death. .
ingestion Chronic: disturbances of equilib-
rium, nausea, ‘vomiting, diarrhea,
coremia, sleepiness and irritabiliny.
TABLE OF CHEMICAL HAZARDS—Continued
fitom Probable saf e
Flash ignition robable saie A Siens and symptems. .
point  Explosive limits tem[‘)aei‘ature coner ‘,t}?ﬂ‘fgf ag,us._‘ﬁlp:n?nd(}i&f‘, ST f poisoning
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-Anto-

FI'{_ash : ignition Probable safe _ o -
; o : point Explosive limits temperature concentration for Usual mode of . Slgns and symptoms»m i EE-
- Substance F. % by volume °¥. . 8-hr. exposure. entrance to body of p01sonmg -
Lower Upper - . o ‘ . '-i 1
antimony (salts) “metal and sulfides flammable unknown, probably inhalation of Acute: vomiting, colic, diarrhea, p
like arsenic dust, ingestion irritation of mouth and throat. w
. ’ : o Chronic: indigestion, loss of weight
- and appetite, sometimes severe &
N dermatitis.. : : :

arsenic .. . . R A 0.15 mg/cum.’ “inhalation of Irritation of skin, Joss of hair and g

s dust, ingestion naifs, perforatxon of nasal septum,.
- o Do e angd dlrect action hoarse voice,. cough,- neuralgic a
on.skin and pains, diarrhea. i
_ mucous membrane | ' -
arsine. . e e : 1 ppmt inhalation Headache, nausea, vomiting, chills 2
' : ) and. shivering, Jaundxce, dark or 7
o . ; bloody urine. . a
asbestos =~ : : non-flammable S million particles  inhalation " Chronic: shortness of, breath as- P
per cubic foot® : bestos corns. o)
peroxide, phlorate, and nitrate none adopted inhalation or Severe dermatitis from the caustic i
produce violent combustion in : ingestion of salts, vomiting, dyspnea, abdom- >

. flammable materials P soluble salts, inal pain, cyanosis, paralysis.

Ca - direct action N
A . : on skin . >
benzene (benzol) 12 1.5 8 1000 100 p.p.m.® inhalation Chramc. weakness, fatigue, bleed- g
ing_from the gums "and nose, head- -
ache, dizziness. n

Acute: inebriation, convulsions,

and loss of consciousness
bromine ' - e e S | ppm? ’ inhalation - Irritation of eyes and’ resplratory

- . direct attack tract, irritation and corrosion of
on skin and mu- skin, probable lung- xrrltatlon in
cous membranes aciite cases.
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462 === INDUSTRIAL HYGIENE

in suspected cases of poisoning from ex-

posure to zinc, these other toxic elements’

should not be overlooked.

The only significant physiological effect
of zinc appears to be metdl fume fever.
Although of transient character the fever,
chills and sweating may be sufficiently se-
vere to cause disability of one or two days’
duration. The salts of this metal have an
irritant effect on the skin,

Zircomium. No evidence of poisoning
due to this metal has been reported. There
are, however, certain fire and explosion
hazards associated with the handling of the
powdered metal and its hydride.

Industrial poisons
(Radio-active elements)

Radium, thorium, urantum, radon, x-ray:

(See section on radiation, Page 459.)

Industrial poisons
(Metalloids)

Antimony. The action of antimony is
similar to that of arsenic and lead, but
not so severe. Antimony can be very irri-
tating to the skin and mucous membranes.
Systemically, it resembles lead in its
gastro-intestinal effects, but it usually
causes diarrhea instead of constipafion In
suspicious cases both lead and arensic must
be ruled out.

Arsenic. A {frequent industrial health
hazard results from the arsenic sulfide con-
tamination of the ores of heavy metals.
Arsenic compounds also have wide appli-
cation in a number of industries. When-
ever contact with acid occurs, there is a
possibility of arsine being formed.

Such formation is to be guarded against
in the cleaning of tank cars which have
contained concentrated hydrochloric or sul-
furic acid. Arsine is extremely poisonous,
comp]etely destroying the red blood cells
in a relatively short time,

Manganese. The most frequent source
of manganese poisoning is in ore handling,
especially in the dusty operations of sepa-
ration and grinding. Disturbances of the
central nervous system similar to those of
paralysis agitans occur, progressing from
general muscular weakness, tremors of the
extremities, spasticity, emotional upsets,
speech peculiarity, mask-like expressiomn,
and ultimately complete disability.

Phosphorus. Formerly frequent in the
match and fireworks' industry, horribly dis-

figuring phosphorus poisoning is now sel
dom seen. It has been eliminated by (¢
change from the poisonous white form to
the innocuous red phosphorus. The po-
soning is always chronic.

Exposure to phosphine (phosphorus hy
dride) may occur rarely in pickling opera-
tions and in the manufacture of ferrasib
con. This gas causes respiratory
gastro-intestinal disturbances, generalized
weakness and, if the exposure is great, con
viilsions.

Selenium. Of increasing industrial ap-
plication, selenium and its soluble co.
pounds are systemic poisons and irritaling
to the skin and mucous membranes.

Tellurium is similar to selenium in it
effects and symptoms.

Industrial poisons
(Non-metals)

Boron. Compounds of boron are toxiv,
but no industrial poisoning has been rc¢
ported.

Carbon disulfide, a widely used solvent,
is a strong nerve poison if absorbed com
tinuously.

Chromium. Chromic acid, chromaie wni
dichromate salts are extremely irritating
to the skin, eyes and all mucous mew
branes.

Silicon. The dioxide, so-called “free
silica,” is the cause of a fibrotic diseasc o!
the lungs which, if it progresses, will

-eventually limit the respiratory function,

Exposure for long periods (usnally
vears) to excessive concentrations of finch
divided dust containing high percentages of
free silica are followed by the characiv
istic symptoms of this lung disease. "I'u
berculosis frequently {follows., Ashestov
causes a similar disability.

Sulphur is not a cause of industrial po
soning, but it may produce skin irritation
Some of its compounds, for example,
hydrogen sulfide, are extremely toxic. h
is not only irritating, especially to the eyex,
but it has a marked systemic effect in pro
ducing paralysis of the respiratory cenier.

Hydrogen sulfide may be produced in
many industries where sulphur-containine
compounds, especially sulfides, come in
contact with dilute acids. Sulfur dioxide, o
common result of gas and coal combustion,
has the irritant action of all the acid gases
on the respiratory tract,







