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CARLTON R. REID, Safety Engineer, Westinghouse Elearic and Manufacturing Com-
pany, Springficld, Massachusetts

HAROLD M. ERICKSON, Director of Safety, Nash Motors, Kenosha, Wis.

Members-at-Large—*]. W. YOUNG, International Harvester Co., Chiaago, Iil.; *Q. F. LEH-
MAN, Chrysler Corp., Detroit, Mich.; *\V. A. BECHILL, Chryler Carp., Detroit, Mich.:
*]. C. BOWER, 1021 Miflin Ave, Pittsburgh, Pa.; *M. A. CLARK, 5587 Devomshire Road,
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MONDAY AFTERNOON SESSION

October 6, 1947 .
Presiding: D=, A, 1. Rrooxs, Medi! Direcior, Fisher Body Division, General Motor Cor-

poration

Recognition and Control of Fume and Dust Exposure

By V. ]. CASTROP
Reseaxch Laboratories Division, General Motors Corporation

[llness which an he attributed to the oc:

cupation may occur :n the automotive and
allied industries. While occupational disase
cses arc much fewer in number than those
resulting from accidental injury, there «ill
remains the need for vigilanee in mainwining
a2 haithful working environment. The re-
sponsibility for employee health is delegatedt
by management to the mediaal director with
the safety director charged with matters per-
taining to safety. For the smooth funcioning
uf either depantment it 1s necexary that these
individuals work in dowe hirmony with each
other. .
A safety engincer who is c@pable of recog-
nizing cooditions which may be detrimental
to the health of the emplosee is an excellent
tcdmunate for the dector in any employee
health maintenance program. The salety en-
gineer need not be apable of acually sam-
pling air in the environment or devigning a
ventilation swstem for the control of toxic
outerials. He should, however, hase hnowi-
cdge of the materials which have been proved
harmful, should be fiirly well informed of
how these materials may be used safely, have
some understanding of basic contfol masures
which are normally recommended wWhen such
materials are used.

The intention is not to present a highlv
technial discussion of fume and dust ex-
posures or detailed information, regarding
ventilation systems, as such matters are of
interest to the prolessional industrial hygien.
ists and of comparatively little value to safety
engincers. This discusiion will be limited to
the more basic principles of industrial hy-
gicne as they relaie to fume 2nd dust ex-
posures, to indicate what control mcasures
are available or usad to protect. the em-
ployee’s health, and, to all 1o your attention
operations and materials which Zre commonly
used in the automotive and allied industries,
at the same time ‘indicting the generally

accepted opinion as to their effect on health.

Many conditions are corrected or improved
because of reasons other than their effect
upon the haalth of the cmployces, Betier
procucts, better employee relationship, reduc-
tion in maintenance of equipment may be
cited s justiication for managements de-
cisions for such correction or improvement.

Genenally speaking there are two means of .

entrance of toxic compounds into the human
body under industrial conditions, namely, by
ingestion or via the respiratory tract through

the inhalation of fures, dusts, mists or gases.
Ingestion is of importance if toxic materials

which have a systemic effect are used and
adequate washing fadlities are not provided,

or, where the employess are slovenly in their . -

personal habits, Inhalation is considered the
most important portal of enuy of fumes
or dusts and the particle size, thercfore, be-
comes signifiant in evaluating an exposure.
‘The particdes which cuse the physiologicil
changes are those which are smull enough' to
tcmain suspended in the air and not those
which immediately fall to the floor. Flying
particles, which are of concern to a safety
man and for which he advocates the use of
goggles, are not of hygienic significance since
they are not of respirable size. To judge the
wriousness of an exposure by the quantity
of detritus adjacent to an operation is often
misleading. This is epedally true where
mcechanical ventilation has been provided
which will remove the fine material but is
inadequate to trap or convey the larger
particles.
In evaluating an exposure it is n

to cuusider the toxicity of the material, the
duration of the exposure, the average concen-
tration of the contaminant with special atten-
tion being paid to those operations which
produce high concentrations at some phase
of an operating cyde, and the measures which
have been provided to control the exposure.
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Mcdical records of the individuals subjected
10 the exposure may be of value if the exami-.
nations are thorough and frequent and not
of a cumsory type. It must be remembered
that occupational diseases are slow in dev=lop-

ment and in some instances lasting in cliect.

Slow changes may not be detected and the
mere fact that @ses have not occurred is no
definite assurance thal exposures to known
toxic matcrials may be ignored.

The determination of the concentration of
the toxic material in the air is importaat in
cvaluating the cxposure. Tests of this rype
are not only indicative of the degree of con-
tamination but in some instances which op-
eration is the major offender.

"Che apparatus used in collecting the con-
taminant and the method used in estimating
the amount present in the atmosphere vary
with the type of material. Tests of this type
are specialized in nature and are boct with
many pitfalls which an lead to very errone-
ous reults and conclusions if done by other
than experienced personncl.

In a discussion pertaining to toxic ma-
terials it is generaily necessary to quote per-
missible concentrations or as it is sometimes
expressed — maximum allowable concentra-
tions—permissible limits, or threshold limits.

These terms are used extensively by industrial -

hygicnists t5 indicate concentrations of a
substance in the air which are considered
compatible with good health. The limit usu-
ally applics to exposures of eight bours dura-
tion for a prolonged period.

The limits are, for the most part, advisory
standards or bench marks which are prac-
tial to meet. In general, these limits are de-
rived from three types of evidence all of
which have value and limitadons. :

1. Animals have been cxposed at different
concentrations and the cffects noted.

2. A few experiments bave been made
on human subjeats for short periods of
time.

3. Safe limits have bem arrived at by
mcasuring the concentrations of sub-
stance in the workroom air and corre-
lating this information with rosulu of
medical examinations of workmen.

Therc is no magic connected with these
limits and the mere fact that they are ex-
¢eeded does not necessarily mean that some-
one will definitely become ill, but there is a
good probability that someone will suffer ill
cffects if the limit is greatly exceeded for a
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considerable period. There remains much to
be learned regarding the wxidty of many
substances used in industry, and it is hoped
that with more research and study that the
answers will be found. -

So much for the general picture. Now let's
take 2 look at some spedfic operations.

Welding—Welding proccsses most common-
ly used can be divided into three types, are,
gas, and resistance. The safety measures per-
taining to clothing, goggles, and helinets are
of common knowledge and thercfore, shall
nat be considered in this discussicn. |

Arc welding when performed on uncoated
steel doss not produce a conditioa which is
comidered harmful to the weider provided it
is accomplished in 2 comparatively large open
area. The fumes which result from welding
corwist essentially of the oxides of iron and
oxides of metals which may comprise the
steel or coating of the welding rod. Some in-
vestigators have found characteristic mark-
ings on chest x-rays of men who have welded
under severe counditions for long periods of
time. These markings are presumably due
to the deposition of iroa fumes. withia the
lungs. but it bas not been demonstrated that
such fumes have aused physial impairment.

A (requendy suggesied limit for welding
fume is 15 milligrams of iron oxide per cubic
meter of air. Concentrations of this magnitude
existing in the workroom would materially
reduce visibility and thereby become 2 oui-
sance or an unsale condition requiring cor-
rection. -

Welding within confined areas such as
tanks, inside machinery or equipment, or in
small rooms presents a condition which an
be of concern. The concentration of fume is
materially higher under those cooditions as
there is little opportunity for dilution by
natural air currents normally present in 2 H
targe shop. Nitrogen oxides formed by the |
electric arc when inhaled in sufficdcnt quan- ¥
tities causes Ruids (o form in the lung—adema
~with the resultant failure of the respiratory
system. While welding in large open-areas
these toxic gases are normally not prosent in §
suficient quantities to cause harmful effects. |
However, when welding is done in confined
arezs, the nitrogen oxides may raach a ooa-
centration which will be harmful. . - .-,

Cas welding generally is not productive of
harmful fumes. There are, however, in braz.
ing two potentially harmful exposures. While
boric acd or borates generally are used in
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grinding of nontoxic metals which are free of
and is generally considered a nuisance and
is not harmiful per se. Despite this fact some
state laws require griding operation® to be
ventilated. This requirement has probably
been a hoid over from the days when sand-
stone wheels were prevalent and also (o pre-
vent the creation of 3 nuisance condition.
Grinding wheels in use in industry have ar-
tifidal abrasives such as aluminum oxide or
silicon carbide. Emery., which is a natural
product composed of cssentially aluminum
and the magnetic oxide of iron, may also be
used. A permissible limit o 50 million par-
ticles per cubic foot of air for aluminum
oxide and silicon arbide was recently ac-
cepted by the members of the Amerian Con-
{crence of Governmental Industrial Hygien-
ists. Such a limit is liberal and concentrations
of such magnitude are normaily not en-
~ountered. )

When lead, silia, or some similar toxic
material comes in conwact with the grinding
wheel the exposure to the abrasive matter
may be ignored and the exposure evaluated
on the basis of the toxic material. i this
latter material is controlied the nuisance will
also be eliminated.

Ventilation systems for grinding wheels
have been fairly well standardized and gen-
crally are satisfactory to prevent a nuisance.
Hoods should enclose the wheel as completely
as is practicble. Air volumes should be pro-
vided which are sufficient to cause an inward
flow into the hood when using the smallest
wheel. This is epedally true where toxic
materials are involved.

Wet Grinding—Bafics, hoods, and guards
are generally loated near wet grinding
wheels to prevent dispersion of the liquid
used as a coolant. These devices are usually
sufficient to control the dust if it is nontoxic
in nature. If the dust liberated is toxic, me:
chanial exhaust ventilution may be required.

Buffing and polishing—The buffing com-
pound applied to wheels used “for bufiing
and polishing vary in componition. Wares
and various types of abrasive are the major
components. These . materials plus lint and
fibers from the wheel are the esential in-
gredients of the airborne dust. The toxicity
is dcpendent upon the tipe of abrasive.
Generally ventilation is provided so as (0
improve housckeeping and reduce the num-
ber of complaints and not becuse of the
hazard to health. .

Machining—Smoke from aily parts is the
provailing source of air contamination at
machining operations. lllness has not been
attributed 1o this type of exposure. As is the
se with most (umes and dusts of the nui-
sance variety little is known as to what ef-
fect such materials have on already existing
physical abnormalitics. )

Machining operations on steel produce
large chips or tumingy; consequently, dust
is not a problem. Operations involving the
machining of high lead alloys have been
«udied, and signifiant quantitis of air-
borne lead have not been demonstruted.

Graphite which becomes airborne during
the machining of @st iron is not considered
to be physiologially signifiant, and there.
fore is classified as a nuisance dust. Frequent-
Iy management considers it advisable to pro-
vide ventilation for the machines which are
productive of the most duxt, a3 graphite on
the clothing and person and surrounding
machinery is condudive to many complainu.
Ventilation systems for the machining, drill-
ing. and so forth, ol ast iron should in-
clude boods loated as nar the cutters or
drills as is praciable. Many of thee boods
are in use on production machinery and are
doing an excelient job.of dust control.  _

Abrasive Cleaning—Sinee silia is recog-
nized as the most harmful of mineral dusts,
an adequate ventilation sysiem is normally
provided at the time of installation of com-
mercially built sand blast equipment. Con-
tinuous usage and lack of maintenance result
in 2 breakdown of adequatc control. Visible
oscape of dust is the bost evidence that this
has occurred and it is advisable to correct
such a condition without undue delay.

Employees who are stationed in blast rooms
are dependent upon personal respiratory
cquipment. It is of utmost importance that
such devices are of 2 type which will provide
the necessary protection. Devices of this type
are of the supplied-air variety, and it is aecss-
<ary that the air provided be frec of haruful
contaminants. The air compressors should be
loated in an area [ree of contamination
otherwise the contaminant will be transmitted
10 the beimet and the breathing zone of the
worker. »

Normally, ventilation within the room is
provided so as to improve visibility and to
help prevent the esape of dust to the sur-
rounding areas not to reduce the wncentra-
tion of silia dust to 2 safe level.

. YW T O

T e

P

lo

Ve




RN AN Lo i RN ETR

P

R

Automotive and Machine Shop Section B9 g

Tumblast or rotating table type of sand
blast units should be provided with sufficient
ventilation to prevent the sape of silia
dust. Leakage due to excessive wear should
be remedied.

Small sand blast cabincts, where the opera.
tor controls the blast noziles from outside the
cabinet, frequently have faulty seals around
the doors or the rubber gauntlcts are looce
or torm. The dust which esapes from the
cabinet through thewe openingy b in clowe

proximity to the breathing zone of the em- -

ployee and in many instances exceeds the per-
missible limit for silica. This leakage should
be corrected and the men should not be re-
quired to use respirators.

If the articdles being blasted are free of
silica or other toxic material, the dust resuls-
ing from grit or shot blasting is clawified in

.tbc nuisance ctegory. It follows that the

maintenance of ventilating swiems for grit
blading, although dairable. is nat alwayn
~0 necessary as for sand blasting,

The use of steel gric or shot in blasting
rooms produce excessively high concentra-
tions of dust within the enclosure. It is there-
fore, necessary to protect the worker within
the room. The remarks included in the sec:
tion deveted to sand blasting rooms ure there-
(ore, pertinent when considering rooms in
which steel grit or shoc are used as the :rbr:
sive.

Vapor blasting, a variation of «and blasting,
1s of companatively recent development. This
procedure involves the use of fine silica and
water under prasure. The silia usad in vapor
hlast units varies in size and may even be as
small as 1250 meh (approximately 10 mi-
crons). It is generally believed that airborne
silia partide below 5 microns are most sig-

nifiant in ausing silicsis. It then follows -

that ' operations involving the use of silic
ibrasive whose initial particle size approaches
that order of magnitude are more hazrdous,
and require continyal vigilance in maintain-
ing good control. It is, therefare, essential that
the vapor blast abinets be mainuined s
that lcakage of mist does not occur. Gool
housekeeping is also essential as spillage of

will aeate 2 source for dust disscmination
when the water evaporates. Likewise, con-
tainers of the dried sludge sheuld not be al-
lowed (o stand in the factory where they
cin be influenced by air currents of high
velodity.

“the sand and water sludge upon the floor.

' pendent upon the purpose for which it is

Pracially all industrial plants have opcn
tions which involve the use of leading base
bearing' metal or solder. Babbitt bearing
metal containing approximately 75 per cent
laad has been encountered. The composi-
tion of soider mectal is varfable and de-

used, with ordinary soft solder containing a
comparatively high percentage of lead.
Assuming that the babbitt or solder in
usc is onc containing a signifiant amount of.
lead, the question then arises as to.whether
or not the employees working with this ma-
terial will become il The answer to such a
question could be given by a qualified in-
dustrial hygienist after he had seen the opera- ',
tion and considered such factors as the tem-
perature to which the metal is heated, the
method of removing excess soider, the length'. *
of exposure, and the effectiveness of thc con-
trol measures provided. - .
It 15 2 well known fact that lead anses
illness if absorbed in excesive amounts, and -
therefore operations wherein” lead - is . Used .
have reccived considerable attention'' and
study. Qut of this experience certain prac-'
tices arc known to pmduc: excessive cxposure
whereas other practices bave been proved not

to be harmful. It is generally conceded tbat. »

excessive concentrations do not result f{rom.
operations where solder is applied by means”
of an electric soldering iron. This is probably -
due to the small amounts of solder used and
the comparatively low heat of themetal.
When an iron is used which is beated.in a
small zas fired furnace, the exposure may be

of greater consequence. Solder which reraains .~

on the iron coming into contact with the

flame or heat is vulnerable for volatilization. . .

Small amounts of solder drop from the iron |

onto the hot floor of the furnace where it'is®.' =’

readily volatilized or oxidized. The oxidired
material may become airborne due to dis-. .

turbances created by the flame or by remov:. _.',

ing or pladng the soldering’iron in the. fur- -

nace. Frequently industrial hygienists recom- -

L

mend that ventilation be provided for heating
units of this type thereby removing lead
fumes and dust from the environment. This

is pamcularly true in small rooms or whcrc .

many units are in use,

The atmospheric contamination oca.noned
by the use of either gas or electrically heated
pots containing solder is dependent on a
number of factors. With higher temperatures
more volatilization will occur and the greater
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will be the exposure, \With the higher tem.
perature the metal is more readily oxidized to
produce 2 druss consisting of a high pereent-
age of lcad oxide. The dross may provide a
protective coating to reduce the volatilization
of the lcad; however, disturbance of this coat-
ing will create an exposure. As a safeguard
against cxcessive contamination, pots contain-
ing solder or babbitt are usually ventilated.
Wherever possible it is adviable to enclose
the pot as completely as possible and provide
sufficient air volume to overcome the thernal
cffects of the molten metal. Attempte have
been made to uswe natural draft ventilation
systems to control thewe fumes and in those
instances where the ducts were not of suff
cient diameter the system was inadequate
A preferable method is the uw of merhanical
systems.

The removal of excess wlder with power
driven tools, such as grinding wheels, discs.
or wire wheels, craates airbome dust which
may contaminate large areas of the factory
if the operation is extensive. Diligent use of
abrasive cloth will also result in excessive
concentrations of lead dust. Filing, however.
is not productive of small particles and it
preferred over the use ol power driven tools.
1f filing is not practiable or feasible it will
be necessary o provide <ome type of me-
chanial ventilation system for the solder re-
moval operations involving the use of pawer
tools. Since the permissible limit generally
accepted for lcad is 1.3 milligrams per 10
cubic meters of air (353 cubic feet) it will be
necessary to have an effective <ystem to pro-
vide adequate control. Engincers experienced
in designing ventilation systems (o control
toxic materials should be consulted, other-
wite 2 contly system might be erected and
tater discovcred 10 be entirely ineffective. Fre-
quently solder removal operations require the
use of portable tools on large objects and 2
local exhaust system would not be cffective, as
is the ase in the fabriation of automobile
bodies. General contamination of the factory
with lead dust has been eliminated by endlos-
ing the entire operation in a large booth and
exhausting 2 sufficient quantity of air {rom
the enclosure to insure a constant inward
flow of air from the factory into the booth.
Under these circumstances no practial
amount of air. could be removed from the
booth to reduce the lead concentration to a
safe level, and therefore it is necesaary that
the men working therein be provided with
adequate personal protective devices.

Heat Treating—High tempcratura are a

“frequent source of ‘Gmplaint (rom” émployess

i heat trcat departments but such condi-
tions and their control are not within the
subject matter under discussion,

Fumes disseminated (rom cyanide pou are
often assodated with cyanides used as fumi-
gants or as the lethal agent in dath char.
bers and supervision as well as the employee
becomes apprehensive. Fumes (rom such 2
source are irritating and beause of this
property should be adequately venulated.
The irritant nature of the [ume iv cused
by alkali formed upon decomposition of the
cvanide. ‘

Molten lead is sometimes used as a harden-
ing medium for metals. Frequently charcoal
or some similar material is piaced on the
surface of the mctal to conserve hat and
prevent oxidation. A covering of this type
reduces the volatilization of lad while the
bath is quiescent, but has no effect while the
bath is in use. Adequate ventilation should’
therefore be provided for baths of this type.
As complete an enclosure as is practial for
the operation being performed is adviable
with air quantities dependent upon the open
areas in the hood. To prevent contamination
resulting from volatilization of lad accumu-
lating in the combustion chambers the prod.
ucts of combustion from gas fired lead pots
<houlé be vented to the outdoon and n
he allowed to dissipate into the workroom.

fron Foundries—The principal ingredient
of foundry dusts are silia, sea coal, clays, and
paning compounds. The predominant ma-
terial will be dependent upon which phase
of the foundry operation is being studial
and what operation is being perforracd. The
control of dust is the major prohlem. whereas
fume is of secondary impornance.

A discussion of all the aspects of the in-
dustrial hygiene problems in such planu
would require a scparatc treatise. For the
present discussion it should be sufficent to
state that Il obvious sources of dust dis.
persion should be reduced to 2 minimum by
adequate loaalized exhaust systerns. In a
mechanized foundry such places would be
sand conditioning and mixing cquipment.
tumbling mills, shakeouts, core reinoval and
knockout stations, transfer points ol .dry
sand, abrasive blasting operations, and all
grinding operations performed on astings
containing appredable quantities of sand.
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Maintenance of ventilation equipment is
‘1 _major jtem_in_foundries_because_of the.
abrasive action of the dust. It is imperative
that a good program be maintained o as to
teep the equipment functioning at maximum
efidency. -

Beaiuse of the heat assodated with large
«ale foundry activities it is a2 common sight
to0 see pedestal (ans or air cooling ducts di-
rected in <wuch 2 manner as to geate cos
drafts which interfere with the efficient re.
moval of the dust dispersion. Better discre.
tion in the placement of these fans or ducts
will go far in reducing dust concentrations
in the areas where they are used.

After the obvious has been corrected, it is
advisable that a survey of the foundry be
made by an industrial hygienist so that an

accurate evaluation of the exposure may be
obtained.

Respiratory Protective Devices — As  has
been stated, the atmospheric concentration
of dust and furme and other materials may
he reduccd to a safe level by adequate ex-
haust ventilation. In some cses it is posible
to correct the condition by substtuting a
less toxic material. I[ these measures are not
practial respiratory protective devices may
be used. They may alx prove valuable in
riving protection during an emergency or to
provide protection for intermittent exposures
or to supplement other methods of control.
They should, however, not be considered as
the desirable means of controlling a healh
harard.

‘number to the manufacturer which apparns

.duces the types of devices needed in stock

Experience has shown that frequently pro-

provide adequate protection. Upon inquiry
information was generally offered that the
safety engincer was not too well informed as
to what should have been provided.

The U. S. Burcau of Mines at their experi-
mental mtation in Pittsburgh tests equipment
of this type and stucdies the protection of-
fered to the wearer. 1f the device is satisfac-
tory in perforr nce, they issue an approval

on the device 2s well as the conainer in
which it is received {rom the manufacturers.
The approval grantexd by the Bureau also
stipulates that type of macterials for which
it is approved.

It has become general practice in the field
of industrial hygiene to recommend the use
of only those respirators which have been ap-
proved by the Bureau. Safety engincers
should likewise insist that such deviees be
procured and acquaint themselves with the
type of protection afforded by each device
and thereby provide adequate control for the.
individua! wearing the equipment. Some en-
ginecers prefer to stock only that type of res--
pirator which will protect against the more
harmful dusts or fumes, since a respirator of
this type will also gime adequate protection
for materials of lower toxidty. The advan-
tage of such a procedure has merit as it re-

and likewise insures the correct deviee for
the more serious exposures.

Metal Cleaning

By THOMAS MOCNEY
Med-Fac Industrial Hygiene Laboratories

The complete finishing of metals by elec:
troplating may indude:

t. Claaning by abrasives. -

2. Polishing the base metals.

3. Cleaning with solvents.

4. Claning with alkaline solutions.

5. Cleaning with acids often referred to as

“Pickling.”

6. Metal deposition or electroplating.

7. Buffing the deposits.

8. Lacquering the finished product.

In abrasive deaning, sand or steel shot is
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used under pressure. The potential health
hazards in this type of cdleaning are exposure
to dust of a high free silia (Si0,) content
aused by the sand and also to metallic dusts
where metals capable of producing toxic
dusts are cleaned by shot and sand blasting.
Steel shot blasting is a much less severe haalth
hazard than sand blasting: consequently, steel
shot abrasive deaning mc(hods should be
used wherever possible.

The maximum allowable concentrations
(MA.C)) for free silica are five million parti-

.
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