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Introduction

1. Benzol can be safely used if cer-
tain precautions are taken to guard
against those properties which make it
injurious to health. Care must be taken,
too, to abviate the possibility of fire
and explosion.

2. Benzol is the liquid product of
the destructive distillation of coal fol-
lowed by the subsequent destructive
distillation of the distillate (coal tar).
This substance is somctimes called hen-
zene, the term being used in chemical
nomenclature to describe the substance
baving the formula C/H« and certain
characteristic properties. The commer-
cial grade of benzene (GH.) is com-
monly koown as benzol. This name
will be used throughout the pamphlet
in order to avoid confusing it with ben-
zine, a petroleum derivative of the hy-
drocarbon serics. It should be remem-
bered, too, that it is possible to recover
benzol from petroleum, in varying per-
centages, depending upon the sources of
petroleum. This is especially true in
cracking operations where elevated tem-
peratures and pressures are employed.
The specific gravity of benzol is 0.881
gt 60° F./60° F. (liquid), while the
specific gravity of the vapor at 60° I,
and 760 mm. pressure is 2.73, (Air =
1), or the vapors are 2.73 times heavier
than air. Im its natural liquid state,
benzol boils at 176.2° F. The flash
point is 10.4° F. at 760 mm. pressure

{Sce paragraph 42).

3, Benzol is miscible in alcobol,
ether, acetic acid, and carbon disulphide.
Benzol is an excellent solvent for rub-
ber, gums, fats and resins.

4, There are two distinct types of
industrial uses:
a) Tn closed systems of pipes or tanks—
1) The blending of motar fuels,
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2) Manuviacture of chemicals includ-
ing dye and dye intermediate manu-
facturing, the manufacturing of
paints, varmishes and stains, and
alsg the manufacture of paint and
varmish removers. Tt is also used
in the refinement of petroleem
products.

Note: These uscs in the first group
ofter no appreciable health hazard
except when accidents occur to the
equipment.

b) In open processes—

1) Rubber industry.

2) Textile fabric makers {artifcial
lcather).

3) Samitary can manufacturing.

4} Dry cleaning, particularly “spot-
ting.”

5) Handling of paints, varnishes and
slainy.

S. Acoording to the Division of
Labor Standards, United States Depart-
ment of Labor Industrial Health and
Safety Series Bullctin No. 8, the wotk-
ers in the following trades are most
likely to be exposed to benzol:

Airplane-dopc workers
Textile fabric makers
Benzol still-tnen
Blenders (motor fuel)
Brake lining tmakers
Cementers (rubber)
Compounders (rubber)
Degreascrs (fertilizer and leather)
Dryers {rubber)

Dry cleaners

Dye makers

Enamecl makers
Enamelers

Engravers

Explosives workers

Glue workers

Lacquer makers
Lacquerers

Linoleum workers
Nitro-benzene makers
Nitro-cellulose workers
Oilkloth makers

Paint remaver makers
Pajnt makers

Parafin workers
Phenal makers
Photo-engravers
Pyroxylin plastic workers
Reclaimers (rubber)
Shade cloth makers
Shellac makers

Shoe finishers

Varnish makers
Varnishers
Vulcanizers

6. Three types of benzol are in com-

mercial use:

a) Crude 90% benzal (density 0.86-0.88)
which distilis up te 212° F. {100* C.)
and contiiny 849 benzene, 13% talu-
ene, and 3% xyleae.

b) Refined 909 benzol.

c) 50% benzol (density 0.88) of which
509 will distill at 212* F. (100°* C.).

Other substances such as cerbon bisul-
phide, thiophene, ethylene, olefine, para-
fin and naphthalene may be preseat in
small quantities in the commercial grades’
of benzol.

Benzol Poisoning

7. Certain individuals are apparently
more susceptible to benzol poisoning
than others. It is known, for instance,
that the chances of contracting benzol
poisoning are much increased when the
individual presents certain. abnormal
conditions. (See paragrap‘h 26.)

Acnte poisoning

8. The breathing of excessive
amounts’ of benzol vapor will produce
acute poisoning which may be rapidly
fatal unless prompt medical attention
is obtained. These cases often occu
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when there is an accident such as the
bursting of a pipe, ur the overflowing
of large containers, or when workmen
enter a tank fot cleaning or repaic work
without the proper protective equip-
ment. Most hydrocarbon vapors are
much heavier than air and remain near
the bottom of the enclosure. Tanks in
which these materials have been stored
or transported often become coated in-
side with a film of gum or resin, or
there is a deposit of sludge in the bat-
torn.  The hydrocarbons hecome ab-
sorbed in these deposits and are given
off for a considerable time after sup-
posedly thorough cleaning,

9. Workmen should never  enter
tanks or enclosed spaces whete benzol,
or solutions of benzol and other sub-
stances, bave been stored and which
have not been thoroughly steamed and
aired, without being protected with a
Type A supplied-air respirator hose
mask, which supplies fresh air from out-
side the enclosure, or oxygen breathing
apparatus. There should be a safety
rope (life line) around the body. A
helper should also be statiened outside
the tank at all times while the work-
man is inside, to render assisiance in
an emergency. Most companies insist,
to insure safety, that the worker use
the mask aud life line even though the
tank, or enclosed space, has been

-steamed and aired and is apparently

free from benzol vapor, Another point
to be remembered is that the improper
use of lights, that is, those not of the
explosion-proof type, may present a fire
or explosion hazard. (See paragraphs
42 to 64.)

10, The mnervous system Is prin-
cipally aflected in cases of acute benzol
poisoning, Ag a result, the respiratory
center is paralyzed and the individual
aflected may cqnsequently die of as-
phyxia. In such a case, ane would nat
expect Lo fnd any changes in the blood,
such as are observed in chronic poison-
ing.

11. Where massive doses of benzol
vapor bave been inhaled, death may re-
sult in a short time (from one-half to
one hour). Profuse sweating, hyperes-
thesia, hallucinations, deliium, coma,
and death follow in rapid order. These
signs vary, of course, with the amount
of vapor inhaled and the predisposition
of the wictim. _Frequently, vertigo,
headache, nervous excitement (drunk-
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enness), cough, dry skin, flushed face,
and subnormal temperature are noted.
In severc cases, there follows a stage of
depression, feeling of iliness, nausea,
vomiting, mental dullness, loss of con-
sciousness, tremeor, respiralory and cir-
culatory trouble, scnsory and molor
paralysis, and a pinkish ecoloration of
the mucous membrane. The narcotic
action of the poison may result in com-
plete general anesthesia, total elimina-
tion of reflexes, and death in a state of
coma.

12. Where large doses have been in-
haled, death may follow rapidly, as
stated above, or recovery without sub-
sequent harm may take place in a short
time. Investigators have discovered,
however, that while cases due to slight
exposure may recover, the after-resulis
may be very severe. ‘The need of ade-
quate medicat supervision of ali such
cases is, therefore, strongly emphasized
by most authorities.

13. When acute poisoniing bas oc-
curred, tbe patient should be removed
from the danger zone to pure air im-
mediately and placed in a reclining posi-
tion. If the clothing is, or was, wet
with benzol, it should be removed at
once and the victim’s body washed with
soap and water while the following steps
are being taken. If the patient is not
breathing, the prons pressure mesthod
of resuscilation should be started in-
stantly and continued until breathing
has been restored. (See Safe Practices
Pamphlet No. 29, “Electric Equipment
in Industrial Plants,” for description of
prone pressure resuscitation.) It is im-
portant that the person be kept warm
and, if pecessary, heat should he ap-
plied. X{ a carbon dioxide-oxygen ap-
paratus is available, the gas should be
administered at once. Oxygen, alone,
may be used. Stimulants such as strong
coffee, (never alcohol in any form), may
be given after breathing is resumed;
however, the victim should never be
left alone while a stimulant is being cb-
tained, since it may be necessary to
again start artificial respiration if
breathing should cease. Medical aid
should be summoned at once. It is
especaally important to note that noth-
ing should interfere with the instant
application of prone pressure restscita-
tion. Any other treatment that must
be administered should be given while
prone pressure resuscitation is being
conducted.

14

Chroric poisening

14. Chronic poisoning differs from
the acute type in that benzol is absgrbed
by the body in small quantities over a
considerable period of time (usually
weeks or months), hence the importance
of periodic examinations so that chronic
poisoning may be recognized and treated -
even before autward signs become ap-
parent. The chief effects are observed
in the blood and the blood-forming or-
gans. Chronic benzol poisoning is char-
acterized by pallor of the skin, which®
may be an indication of beginning ane-
mia, and should be checked by blaod
count; hemorrhages from various parts
of the body; small purple spots under
the skin; ease of fatigue; shoriness of
breath, and a dry cough. _

15. Since the chief changes in
chronic benzol poisoning are in the
blood, these will be considered some-
what in detail, The normal bleod con-
tains about 5,000,000 red cells apd 7,-
500 white cells per cubic mm. of blood.
Ordinarily, the polymorphonuclear cells
comprise about 7¢ per cent of the white
cells, and the lymphocytes about 20 per
cent.  1In benzol polsoning, however, this
relationship is disturbed to the extent
that we find a ratio of 40 and 60 per
cent or 40 and 35 per cent instead of
the normal 70 and 20 per cent. This
change can be observed early in benzol
absorption.

16. There is also a drop in the total
number of white cells to 5,000 or 4,000,
and even in certain cases to 1,500 or
1,000. The red cells likewise decrease
in pumber and may go down to less
than 1,000,000 per cubic mm. There
is a corresponding diminution of the.
hemoglebin, or coloring maller of the
red cells. Since the red cells are the
oxygen carriers, any decrease in their
nuinber means an increase in the pulse
and respiration rate. This is the body’s
effort to pump the decreased number
of cells more quickly, and furnish oxy-
gen more rapidly, so the normal oxygen
demand will be satisfied,

17. It has been found that the

" “platelets™ of the blood decrease in

these cases from the ndérmal of 100,000
to 200,000 per cubic mm. to 50,000 or
less. The chief function of these plate-
lets is to assist in the clotting of the
blood. This derease aof platelets ex-
plains the tendency to hemorrbages and
the purple spots on the skin of work-
men who have absorbed benzol.

”~ -
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18. The anemia induced by benzol
is not the result of direct destruction
of bicod cells but rather the failure
of the blood cell-forming tissues to keep
up the production of cells to meet nor-
mal body losses. It is termed aplastic
anentia. Such a condition is produced
when the bone marrow is impaired in its
usual function of forming and regener-
ating the blood elements, at the normal
and sufficient rate.

Diagnosis

19. Among the imporiant points in
the diagnosis of chronic benzol paison-
ing are:

a) Occupational exposure.

b) Blood changes.
1) Change in the ratio of the different
forms of white blood cells.

2) Decrease in the total number of
white blood cells,

3) Decrease in the total number of
red blood cells.

4) Decrease in the number of plate-
lets. (Delayed coagulation.)

5) Decrease in the amount of color-
ing matter, or hemoglobin, in !he
blood.

¢) Other signs are:
1) Headache, vertigo, ease of fatigue.
2) Skin or nasal hemorrhages.
3} Pink color of mucaus membrancs.

4) Absence of cyanosis (bluc coloring
of nails, lips, ¢tc)

20. Since the signs of benzol poison-
ing are not specific and may have re-
sulted from other causes, only qualified
physicians should attempt the dizgnosis.

Urine sulphate test

Z1. The United States Bureau of
Mines has developed the urine sulphate
test as a means of determining the exist-
ence ol benzol exposure. The test is
based on the fact that when a small
amount of benzol is taken into the body,
a marked decrease in the normal ratio
of inorganic sulphates to total sulphates
present in the urine occurs. Hence, a

& “ydetermination of this retio gives an in-
« dication of benzol exposure and therchy
" gives a definite warning signal before

the health of the worker is affected. The

test is a measure of exposure only; it is
not 2 means for diagnosing poisoning.
It can easilv he mads hv an inductris?
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22. The urine spscimen sbould be
taken after the worker has been ex-
posed to benzol for three or four days.
If he has not been working aver the
week-end, the sample should nat be
taken on Monday, but a waiting period
should ensue to insure accurate results.
The sample should be obtained at the
end of a working shift rather than at
the beginning The specimen for the
test for inorganic sulphate should be
placed on ice immediately after voiding
unless the test is made at once, The
barium chloride specified for the test
should be added within 24 hours,

Inorganic sulphates

Z3. Twenty cc. of urine, 100 cc. of
water, and 10 cc. of dilute hydrochloric
acid (one part concentrated hydro-
chloric acid and four parts water by
volume) are measured into a 200-250
c¢. Erlenmeyer flask., If the urnipe is
dilute (this may be recognized by its
weak color or by a specific gravity of
less than 1.005}, 100 cc. of urine is
taken and 4 cc. of concentrated hydro-
chioric acid (HCl) is added, 25 cc. of
water may be added alsao, Ten cé. of a
5% barium chloride solution is added
slowly, drop by drop. The urine solu-
tion should not be shaken, stirred, or
otherwise disturbed while the barium
chioride is being added. The solution is
allowed to stand one bour or lenger,
according to convenience, and then
shaken up and filtered through a Gooch
crucible (No. 42 Whatman filter paper
may be substituted for the Gooch cruci-
ble}). The precipitate is washed with
about 250 ec. of cold water, dried,
ignited and weighed,

Total sulphates

24. Twenty-five cc. of urine and 20
cc. of dilute hydrochioric acid (I to 4),
or 100 cc. of dilute urine and Bee. of
concentrated hydrochloric acid are
boiled gently in an Erlenmeyer flask
{200-250 cc.) for 20 to 30 minutes. The
mouth of the flask should be covered
with a small watch crystal to retard the
loss of steam during the boiling. The
flask is cooled in rucning water for 2
to 3 minutes and the contents, if turbid,
are filtered and then diluted to about
150 cc. with cold water. To this cold
solution, 10 cc. of a 5% barium chloride
iz added and the nmcadites rntinnad aa

HP-14—3
TaBLE No. 1

Per Cent

Inorganic

Sulphates Benzol Precautions

in Urine Hazard Indicated
Above 75% No Normal range of

exposure sulphates.

Below 309  Unsafe Additional ventila-

tion 35 neCessary.

Below 23% Dangerous Stop exposure
until ventilation is
improved,

Notes—1.

2. The results of these determina-
tions may be expressed as ratios of
inorganic sulphales to total sutphates,
or as percentages. Numerically the
values wiil be identical.

3. Where a definite decrease in
the ratio is found, the results can
be chiceked if when the person is
transferred to a non-benzol environ-
ment, and placed under mediaal
supervision, subsequent testing shows
a normal sulphate rario.

See paragraphs 21 to 24.

25. There are other methods that
can be used to determine benzol expo-
sure, such as the micro-colorimetric
method, as described in the United
States Bureau of Mines Bulletin No.
R.L 3287, or by using a special com-
bustible gas indicator calibrated for ben-
zene. Detectors can be obtained that
will indicate a concentration of 20 parts
per million.

Medical Supervision -

26. A carcful pre-employment ex-
amination of all workers who may be
subjected to exposure of benzol can be
instrumental in decreasing the chances
of benzol poisoning in the general in-
dustrial population. Persons showing
the following abnormalities should be
excluded from benzol processes, accord-
ing to competent authorities:

a) Organic disease of heart, Jungs or
kidneys. ¢
b) Tendency to hemorrhages. :
<) Any type of anemia or any unusial
blood findings.
d} Chranic disease of the liver,
Note: Most authorities recomme’ 1
that young pcople not be cxposed 2
benzok
27. Re-examinations are also neces-
sary, it being customary in most plants
to make a careful examination of the
blood once every three months, or more
often, if indicated.

10 TIMame cmasb e ahnm anet af the
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most companics make it a practice to
transfer them immediately w work
where they will not be exposed. The
recommendation of the industrial physi-
cian should be followed in every such
case.

29. Contact of benzol with the skin
may produce dermatitis similar to that
scen in exposure to other hydrocarbons.
The skin, for mild exposures, may be
protected by the use of a bland oint-
ment composed of one part of gum
tragacanth and three parts of lanolin.
Gloves smeared with protective oint-
ment may also be used. It should be
remembered, however, that benzol is a
fat solvent; hence, too much dependence
should not be placed on this type of
protection, The best prevention is
avoidance of contact. There is also the
bazard that benzol poisoning may be
contracted through absorption of the
material through the skin. Recent in-
dustrial experience has indicated that
this is a strong possibility; hence, every
precaution should be taken to avoid con-
tact.

30. Treatment of both acutc and
chronic cases of benzo) poisoning should

HEALTH FRACTICES PAMPHLET NO. 14

be under the direction of a competent
physician except that in acule cases,
first aid should be rendered. Where
breathing has ceased, prone pressure ar-
tificial respiration should be given at
once, (See paragraph 13.)

31. In the chronic cases, removal
from fumes, dietary measures, cvoked
liver, sunlight or ulura-violet, raw em-
bryonic liver, and transfusion have been
found to be the most eflective treat-
ment and are often necessary. These
latter measures are such that they de-
mand the services of a medical special-
ist. If the anemia is serious, the physi-
cian will order transfusion without de-
lay. The victim should be carefully
ohserved for .signs of infection, colds,
or pneumonia, since he will be more
than usually susceptible to such condi-
tions.

32. The following measures are im-
portant in the preventign of chronic
poizoning:

a} Enclosure of benzol processes wher-

cver possible.

b) Proper installation and mainienance
of adequate cxhanst systems. (See
discussion of exhaust ventilation.)

<)

d)

ne
i

The frequent meusurement of the
concentration of benzol vapors and
the maintenance of cancentrations be-
low toxic limits at all times. (A max-
imum cancentration permissible in the
breathing atmosphece of 100 paris of
benzol per 1,000,000 parts of air was
the standard mentioned by the Benzal
Report of the National Safety Coun-
¢il, May, 1926. Expcrience since this
report was submitted indicates {hat
the recommended maximum permis-
sible cuncentration may be too high.
Most authorities suggest 28 a stand-
ard for maximum permissible con-
centration not more than 50 parts per
million. The United Soviet Socialist
Republic goes even further and sug-
gests a concentration of between 13
and 50 parts per million.) Such tétys
can be made through the courtesy ‘5§
firms manufacturing benzol. Organi-
zations desiring this service should

‘write the Industrial Division of the

National Safety Council.

Proper medical supervision which in-
cludes a pre-employment examination,
a quarterly periodic examination of
all exposed employees (including an
¢xaminatian of the blood), znd proper
placement of workers according to
examination findings. Some companics
have instituted the practice of smaking
regular uring sulphate tests of ex-
posed employecs. e

v
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Exhaust Ventilacion

331. Evaporation of benzol in manu-
facturing processes gccurs both at room
temperature and more rapidly at a
higher temperature. In the former, the
patural tendency of the vapeors is to
descend to the floor, because benzol
vapors are nearly threc times as heavy
as air. Tests made In factories where
benzol is used at room temperature show
a great increase in the amount of benzol
vapor removed per cubic foot of air,
if the intake te the exhaust fan is at
the fioor level instead of near the ceil-
ing. A mechanical exhaust system is
more effective when it aids natural cir-
culation rather than opposing it. Too
often the effectiveness of a ventilating
system is measured by its cost or by
the amount of air removed per minute,
The purpose of the system should be
to remave the benzol vapors before they
reach the breathing zone of the work-
men, Effectiveness can be greatly in-
creased if vapors are removed where
concentration is preatest, ncar the floor,
ot better at the point of evaporation.

Arrangements can be made for the en-

trance of fresh air through ceiling open-
ings.

BENZOL

34, The tendency of benzol vapors
to fliow down to the floor is illustrated
by the curves in Figure I. These data
were obtained by allowing benzol to
drop at a constant rate upon a sheet
of blotting paper in the center of a table
6 feet square. The diffusion of the
vapors upward from the table was so
small in these observations that meas-
urements taken at a distance of 4 inches
above the table showed that there was
no determinable amount of benzol pres-
ent.

35. This knowledge has been used
effectively in ventilating work benches
and tables where benzol is used. Fig-
ure 2 shows an application of this prin-
ciple. A rim 4 inches high is built
around the edge of the table, Qpenings
at the surface of the table lead to a
small exhaust. This method of ventila-
tion can be economically installed as
the required amount of suction at such
tables and the niovement of the air are
very slight. Cross currents or drafts
from open windows should be avoided.

36. Figure 3 shows an operation
where the nature of the work requires
that uncovered pans of benzol be used
on both sides of the room nine hours

H.P-14-i5

each day. Careful tests of the air in
this room showed no indication of the
presence of benzol. A shaliow, open
pan of benzol was placed inside a larger
vessel leaving an air space of about 2
inches {tom the bottom. A small ex-

‘haust suction apparatus was connected

to the bottom of the large container.

37. Although it is a better practice
to limit benzol operations (o an enclosed
cabinet. or room and exclude all other
processes, occasionally it is necessary
to use considerable quantities of benzol
in a small portion of a large room. In
this case, the vapors should be confined
to a portion of the room by buildiyg
a gas-tight, sheet iron fence, 4 feet high,

-around the operation as shown in Fii-

ure 4. Exhaust ventilation is applied
to one side of the enclosure at the floor.
Doors are installed to allow passage of
workmen or materials,

38. Al rooms where benzol is used,
even in small quantities, should bave
some ventilation at the surface of the
floor. Open windows are not efficient
as they do not remove the vapors below
the level of the sill, but tend to diffuse

~

them through the toom. They zre also -

apt to be closed during inclement
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I-':gutc 3. DCenzol procpss tanks with goad
VY i
w cal.her and at the will of the operators.
Where it bas been customary to use
window ventilation, it is still desirable
to have special exhaust ventilation at
the floor level. This prcwides an addi-
tional safety factor in removing any
fumes that may escape window ventila-
tion. .

39. Processes of manufacture requir-
ing heat to increase the evaporation of
benzol necessitate special care in de-
signing the ovens and other equipment.
Hot air currents carry benzol vapors
upward. Later, however, when cooled
to room temperature, they may descend.
Such behavior of benzol vapors makes
them doubly hazzrdous {o the employee.
The only effective measure in such a
case is to remove the vapors at the
point of origin through a properly In-
stalled and supervised exhaust system.
Hot bcnzoi vapors are thus dra“n out-

1t :yttem (See prrugeaph 36.)

to the oz or the enclosures, sufficient
to maintain a pressure slightly lower
than the atmospheric pressure within
the enclosure. Provision should also be
made for fresh air entering the rootn at
ceiling levels.

40. Figure 6 shows a coating ma-
chine with only a Y4-inch slot at the
rear of the machine for exit of the fab-
ric. Metal is preferable to wood or
wallboard, as the joints can be made
tight. Reference may be made to Safe
Practices Pamphlets No. 3Z, “Exhaust
Systems,” and No. 37, “Industrlal Ven-
tilation.”

41. Instead of the use of uncovered,
portable vessels containing benzol or
benzol mixed with other ingredients
such as rubber, bakelite, or artificial
leather “dope,” the use of a2 fountain
cup which may be used for rubber ce-
ment and other malma]s 1s suggested

-
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the operation requires that large ves-
sels containing benzol remain uncovered,
the vapors can readily be removed by
placing the vessel within a larger con.
tainer and applying a small amount of
suction at the bottom of the larger con-
tainer as discussed in paragraph 36.

Fite and Explosion Hazards '

42. The fire and explosion hazards
of benzol are similar to those of other
volatile solvents. Benzol is flammable
and its vapors, when mixed with air
in certain proportions, are explosive, if
ignited by friction heat, static, other
eleciric spark, or by flame. The lower
explosive limit' in air is 1.41 per cent
by volume, while the upper is 6.75 per
cent. The Undesrwriters’ Laboratories’
classification for benzal is 95-100. (See
also Safe Practices Pamphlet No. 34,
“Industrial Explosion Hazards.”)}

Storing and handling

43. DBenzol, as in the case of all
flammable solvents, should be stored and:
handled in accordance with the regula-|
tions of the National Fire Protection’
Association on “Storing and Handling
Flammable Liquids.” (Such tegula-
tions may be obtained from the associa-
tion office at 60 Batterymarch Street,
Boston, Massachusetts.) In general,
quantities in storage should be limited
and all containers and piping systems,
even though empty, should be properly
vented. To assure positive identifica-
tion of solvent piping systems, all such
lines should be painted or stencilled in
accordance with the adopted code. (See |
Safe Practices Pamphlet No. 88, “Iden-

Figure 4. Enclosed and exhavsted benzol "



tikcation of Piping Systems.”) Fre-
yuent inspections shauld be made ta
determine whether the containers ot pip-
ing systems arc broken or leaking, and
all such defects of this kind should be
corrected at once. When such repairs
are being made, careful supervision
should be given all workers because of
the hazards involved.

44, Large quantities of benzol
shoutd be stored outside buildings, pref-
erably in underground tanks unless the
structures arc specially designed for hen-
zol storage. Tanks should be vented.
Small quantities may bc stored inside
wildings in suitable containers if the
ballainers arc kept in metal cabinets
fted to the outside atmosphere. Each
frage room or cabinet should have
ing signs posted on the doors and
authorized workers should be given

Handling benzol in buckets, cans
other containers, excepl approved

ds a few gallons a day, the use of
ps enables the employce to draw
benzol which is transported to the
Wntainer in which it is to be used or
Ixed. The pump, of course, facilitates
k¥ measuring of the liquid, as well as

Nucing the firc hazard and the evapo-
jon of benzol in the air of the work

. In cleaning tanks and dipping
hines, great care should be exercised

X an explosion of fumes. Non-fer-
B crapers of soft metal, such as brass

Figure 5. Safety cup for rubber cement.
(See parapraph 41}
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Exhaus¢ ventilation (fice and
explosion)

47. It is obvious that the use of
proper exbaust ventilation systems,
which are adequately supervised and
maintained, will reduce fire and explo-
sion hazards. Many operations are per-
formed in enclosed systems, or within
partial enclosures such as booths or
hoods; in such cases, exhaust systems
can be installed with comparative ease.
Where flammable vapors are being ex-
hiausted, other exhaust systems should
never be connected with the same ducts,
because of the possibility of ignition.
Such installations should conform to the
regulations of the National Fire Protec-
tion Association on “Blower and Ex-
haust Systems.” Other valuable sug-
gestions are contained in Safe Practices
Pamphlets No. 32, “Exhaust Systems,”
and No. 91, “Spray Coating.”

48, In general, all enclosures and
cxhaust ducts should he made of nan-
combuslible material.  The ducts should
be rounded rather than square, and as
short, direct, and straight as possible.
Because of the possibility of commu-
nicating fire, a duct should never pass
through partitions or other roms. Where
ducts pass near combustible materials,
a ventilated collar should be provided
to prevent excessive radiation of heat
in case of fire in the exhaust system.

49, The ducts should not have low
places or puckets which will permit ac-
cumulation of vapors or flammable resi-
due thus ircreasing the hazard of ex-
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plosion. Duct systems should be care-
fully constructed and inspected at regu-
lar intervals ta determine that joints
are closcd and tight.

50. Exhaust ducts should discharge
at a point where the vapors will not
endanger other property or retum into
the building through windows or other
openings. While exhaust ducts should
discharge at points where sparks or
flames are not likely to occur, it may
be necessary in certain cases, if there
is possibility of sparks entering the dtct,
to protect the outlets with bronze or
COpper SCreens.

L)
51. Each room or operalion shq_" 1d
have its own individual exbaust systfm.
In some instances, disastrous fires bive
resulted where other exhaust systeins
have been connected with the one rc-
moving a flammable vapor.

52. Ducts and cabinets should De
cleaned frequently (o prevent accumula-
tion of spray residues.

Preventing ignition

53. Adequate precautions should be
taken to prevent the ignition of benzol

Vapors. . ¢

54, Al tools used in atmospheres
containing flammable vapors should be
inade of non-sparking material. Win-
dows and openings of buildings howjng
benzol processes should be carefelly
screaned with copper or bronze screer-
ing .o eliminate the possibility of sparhs
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irom locomotives ar ather sources enter-
ins znd capsing ignirion.

53. Indirect heating systems are
preferable to direct systems. No heat-
ing apparatus should ever be located
close enough to Alammable liquids that
spiasnes might strike heated surfaces
and ignite. This includes, of course,
both direct and indirect type of heating
equipment.

56. The *no smoking" and “no
match” rules should be rigidly enforeed.
Open fames, such as torches, or heat-
jng and welding apparatus, coal stoves,
gas burners, should never be ured in the
same room with open benzol operations.
Even when used in other rooms, a pos-
sibllity of the vapors coming into con-
tact with them should be thoroughly
investigated before allowing open-Aame
apparatus 1o be installed.

57, Employees’ shoes should have
the soles sewed on and fasiened with
wooden pegs rather than nails. There
are shoes on the market which are cop-
structed entirely without metal parts.
They are known as “pawder shoes”

58. Electrical installatioons should be
made in accordance with the Wational
Electrical Code {Sce Article 500}, Ad-
ditional Information on such imstalla-
tions may also be secured from the
Nationa) Electrical Szafety Code.

59.  Wiring should be housed in con-
duits and these should be bushed and
scaled o prevent entrance of fiammable
vapors.  Switches, fixtures and lamps
should be of vapor-proaf type. Open
switches, if used, should be placed out-
side the room ir which benzol opera-
tions are carried on.  Portable extension
lamps should never be used within such
rooms. If required in an emergency,
suchk lamps and plug connections should
be of the approved vapor-proof Lype
and a “beavy armored type” extension
cable should be used.
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60. Motors should be of explosion-
proof enclosed Lype to prevent ignition
of benzol vapors from sparks. A regular
inspection and maintenance program
should be instituted to makc certain
that the motors remain explosion-proof.

o¢l. The prevention of static dis-
charges should be accomplished by the
use of electrical grounds which are to
be installed on all parts where there
is possibility of static accumulations.
{See Safe Practices Pamphlet No. 52,
~Static Electricity.”} This will include
the grounding of pipe lines, metal ducts,
booths, stands, motor frames, brush con-
tacts, belts and moving parts. A satis-
factory dressing bas been developed for
both rubber and leather belts which
practically eliminates static. (See Sale
Practices Pamphlet No. 7, “Belts and
Belt Guards.”)

62. Motors for cxbaust fans, unless
of the approved explesion-proof type,
should never be placed in exhaust ducts.
Clearance should be left between the
duct and fan blades to prevent friction
or rupture of the duct. Fan blades or
housing should be of non-sparking mate-
rial.

63. Fan bearings should be outside
the duct and of self-oiling types. Other-
wise, an extension cil pipe should be
provided to bring in the oil from the
outside.

64, A very important procedure in
the limitation of the possibility of static
fires is the maintenance of bumidity of
from 60 to 70 per cent where zny kind
of flammable solvent is used. This has
proved to be an efiicient practics in
many instances,

_Fire protection

65, Sufficient band and automabic
fire protection apparatus should be pro-
vided where open bLenzol processes are
used. Carbon dioxide or foam type
extinguishers furpish excellent protec-
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tion. Sicam bas also been found satjs-
factory in extinguishing flammable vapar
and liquid fires. Automatic sprinkler ‘
pmtccunn is indicated since, even
though it will not extinguish the fre.
the water will absarh the heat and mini-
mize damage. Tanks and vats should:
be provided with heat actuated auto-
matic covers and other fire protection
such as sprinklers, CO, systems, or other
extinguishing media should be auto.:
matic. The location of the band ap. .
paratus is very important; it should be
casily accessible to the place where the
benzol is used. For additional infor-
mation on such equipment, see National
Fire Protection Association regulatigge
on “First-Aid Fire Appliances.”

Summary

66. Beptol may be used sa
through careful, proper engineering S5
pervision, maintaining at predeterminds
safe level the concentration of benfil
vapors in air breathed by workmen;
proper attention to possible fire and
plosion hazards; by making tests NN
the air in the breathing zone of wolghs
mea; and by adequate medical superg]
sion of employees.

67. Through such procedures ma
facturing processes may be maintain
and justice done both to the wo
and the job.
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