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MONDAY AFTERNOCN SESSION

October 6, 1947 .
Presiding: Dx. A. L. Drooks. Medial Director, Fiaher Budy Division, General Motors Core

poration

Recoqgnition and Control of Fume and Dust Exposure

By V. ]. CASTROP
Reseazch Laboratories Division, Genseral Motors Corporation

[linest which @n be attributed o the oc
cupation may occur i the automotive and
allied industries, While occupational disease
cuises are much [ewer in number than thow
resulting (rom accidental injury, there will
remains the need for vigilanee in maintining
a baithful working environment. The re.
sponsibility for employee heaalh is dciegated
hy management to the medial director with
the wlety dicector charged with mauen per-
taining to mfety. For the smooth funaioning
uf cither department it 15 neconary that these
individuals work in ciove harmony with ech
other. .

A aafety engineer who is capable of recoy-
nizing coaditions which may be detrimental
to the health of the emplotee is an excellent
tcammate for the dector in any employee
haalth maintenance program. The salety en:
gineer need not be apable of acuilly sam-
pling air in the environment or denvigning a
ventilation systemm for the ontrol of toxic
nuterials, He should, howeser, have hnowl-
cdge of the materials which have been proved
harmful, should be fiitly well inlormed of
how these materials may be used safely, have
wme understanding of basic contfol masures
which are normally recommended When such
materials are used.

The intention it not to present a highly
techniql discusion of fume and dust ex-
posures or dewiled informatien. regarding
veniilation systeras, as such maueas are of
interest to the prolessional industrial hygien-
ists and of comparatively ltle value to salety
engineers, This discussion will be limited 10
the more basic principla of indudtrial hy.
giene as they relate to fume and dust ex:
pasures, tlo indicate what control mcasures
are avzilable or use! to protec. the em-
ployee's health, and, to all to your attention
operations and rmaterials which dre commonly
uwsed in the automotive and allied industries,
it the ume time Yndiating the generally

3ccepied opinion as 1o their effect on baalth.
Maany conditions are correcied or improved
because of reasons other than their effect
uponn the health of the cmployces, Betler
procuis, better emplayee relationship, reduc.
tion in maintenance of equipment may be
cited as justifcation for management's de-
cisions for such correction or improvement
Genenully speaking there are two means of .
entrance of toxic compounds into the human
body under industsial conditions, namely, by
ingestion or via the respiratory tract through
the inhalation of {urnas, dusts, mists or gases. ©
Ingestion is of importance if Loxic materials '
which have 2 switemic effect are used and

adequate washing (adlities are not provided, - % . .

P

or, where the employees are slovenly in their .* -

personal habits, Inbalation is considered the
mnost jmporant portal of entry of fumes
or dusts and the partide size, thercfore, be-
coma signifant in evaluating an exposure.
The panticdes which cuse the, physiologicl
changes are those which are smail enough to
temain suspended in the air and not those
which immediately fall to the floor. Flying
particles, which ate of ¢oncern to a safety
man and for which he advocates the use of
soggles, are not of hygienic signifiance since
they are riot of respirable size. To judge the
wriomsness of an exposure by Lthe quantity
of detritus adjacene 10 an operation is often
misleading. This is opedally true where
mechanial 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 necsssary
to cuisider the toxicity of the material, the
duracion of the exposure, the average concen-
tration of the contaminant with spedal atien-
tion being paid to those operations which
produce high concentrations at some phase
of an spetating cyde, and the measures which
have been provided to control the exposure.
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Mcdial rccords of the individeals subjeaed
0 Lthe exposure may be of vzlue if the exami.
nations are thorough and frequent and not
of 2 cumory type. It must be remembered
that oczupational diseases are slow ia dev-lop-

ment and in some instances lasting in etieq.

Slow changss may not be detected and the
mere fact that @scs have pot occurred is oo
definite asurance that exposurcs to known
loxic materials may be ignored.

The determinztion of the concentration of
the toxic material in the air is importaat in
evaluating the exposure. Tests of this type
are not only indiative of the degree of con-
tamination but in some instances which op-
eration is the major offender.

"The 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 spedalized in naturc and are beset with
raany pitfalls which cn lad 10 very arone.
ous rouls and condusions if done by other
than experienced personnel.

in a discussion pertining to toxic ma-
terials ic is gcncrzlly oeccrsary Lo quote pers
missible conaemurations or as it @ sometimes
expressed — maximum allowable concentra-
tonms—pormissibie limits, or thrabold limiu,

These terms are used exteruively by industrial -

hygicnists to indicate concentratons ol a
substance in the air which are comidered
compatible with good bealih. The Hmit usu-
ally applics to exposures of cight bouns dura.

tion f(or 2 prolonged period.

The limits are, for the most part, advisory
standards or bench marks whick are prac-
tial to meet. ln general, these limiu are de-
rived [rom three types of evidence ail ol
which have value and limitations,

i. Animals have boen exposed at daﬂﬂuu

concentrations and the cflects noted.

1. A [ew experimenus have been made
on human subjeas [or short pericds of
time,

3. Safe limis have been arrived at by
mcasuring the concculratons of sub-
stance in the workroom air and corye-
lating this information with results of
medical examinations of workmen.

There is no magic connected with these
limits and the mere faa that they are ex.
ceeded does not necmssarily mean that some-
one will definitcly become ill, but there is a
good probability that someone will suffer ill
clects if the limit is greatly exceeded for a

A ees e e

considerable period. There remains much to
be learoed regarding the toxicity of many
wbstances used in industry, and it is

that with more raearch and study un.g Lbe
aruwers will be {ound.

So much for the general picure. hcw leus
take 2 look at some spedific operationm,

Welding—Welding processes mosl common-
ly used can be divided into three types, arc.
gas, and residance. The nalety maasures
taining to clothing, goggles. and helinets are
of common knowlcdge and therefore, shall
not be considered in this discusioa, |

Arc welding when performed on uncoated
seel doos not produce a condition which is
considerad harmtul to the welder provided it
is acomplished in 2 comparatively large open
area. The fumes which result [rom i
corsist asentially of the oxides of lron and
oxides ol metals which may comprise the
steel or coating of the welding rod. Some in.
vestigatons have found characeristic mark-
ings on chext x-rays of men who have welded
under wevere conditions {or long periods of
time, These markings are presumably due
to the deposition of iron fumes. within the
lungs, but it has pot been demonstrated that
such fumes have aused physical impairment.

A [requently sugyesied limit for welding
fume is 15 milligrams of iron oxide per qubic
meter of air, Conaentrations of this magnitude
existing in the workroom would maaterially
reduce visibility and thoereby become a nui-
sance or an unsale condition nquiring o
rection.

Welding within confined areas such as
tanks, inside machinery or aquipacat. or in
small rooms presenu a condit.iou which an
be of concern. The concentration of fume is

LT

- g

materially higher under these conditions ‘a3 H

there is litde opportunity for dilution by

natural air currents normally praent io a
targe shop. Nitrogen oxides formed by the
elecuric arc when inhaled in suficdent quan. &

tities causes fluids to form in the lung—adema
~with the resultant failure of the respiratory
system. While welding in large open.areas
these Loxic gases are normally not praent in

suficient quanuties o cause harmlul cffects §
However, when welding s done in confined E

areas, the nitrogen oxides may reach i con-
centration which will be bharmful. . - .-,

GCas welding generally is not productive of
harmf{ul (umet There are, bowever, in brat.
ing 1wo potentially harmful exposures. While

boric acid or borates generatly are used in §
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grinding of nuntuxic netals which are free of
and is genenally considered a nuisange and
is not harmiful per se. Despite this (ict some
state laws require griding operation’ 1o be
ventilated. This requirement has probably
been 3 hold over from the days when sand.
stone wheels were prevalent and also o pre-
vent the creition ol a nuisxance condition.
Grinding wheelt in use in industry have ar-
lifidal abrasives such as aluminum oxide or
silicon carbide. Emery. which is . natural
product compesed of esemtially aluminum
and the magnetic oxide of iron, may also be
used. A permissible limit of 50 million pae-
ticles per cubic foot of air for aluminum
oxide and silicon arbide was recently ac
cepied by the memben of the Amerian Con-
l[erence of Governmental Industrial Hygien-
ists, Such a limit is liberal and concentrations

of such magnitude are normally not Jene’

sountered.

When lead, silic, or some similar toxic
material comes in contact with the grinding
wheel the exposure 1o the abrasive matter
may be ignored and the exposure evaluated
on the basis of the toxic material. If this
latter material is controlled the nuivance will
also be eliminated.

Ventilation systems for grinding wheels
have been fairly well standardized and gen-
erally are satisfaciory to prevent a nuisance.
Hoods should enclase the wheel as compietely
a3 is practiable. Air volumes should be pro-
vided which are suficient to cause an inward
flow into the hood when using the smallest
wheel. This is epedally true where toxic
materials are involved,

Wet Grinding—-Bafes, hoods, and guanis
are generzlly located ncar wet grinding
wheels to prevent dispersion of the liquid
used 23 2 coolant. These deovices are usually
suffident to controt the dust if it is nontoxic
in nature. If the dust liberaied is toxic, me-
chanial exhaust ventilucion may be required.

Buffing and polishing=The buffing com.
pound applied to wheels used “for bufing
and polishing vary in componition. Waaes
and various types of abrasive are the majar
components. These . materials plus lint and
fibers from the wheel are the ewsential in-
gredients of the airborne dust, The toxicity
ts deopendent upon the type of abrasive,
Gcnmlly ventilation is provided 0 as o
improve housekeeping and reduce the num-
ber of complaints and not heauswe of the
hazard to health. .

Machining-Smoke from oily parts is the
prevailing source of air contamination at
machining operations. lilness has nd been
autributed to this 1ype of cxposure, As is the
case with maost {umes and dusis of the nui-
sance variety little is known as to what ef.
fect such materials have on already existing
physiaal abnormalities.

Machining opcrations on  steel prod.ucz
large chips or tumings; consequently, dust
is not 3 problem. Operations involving the
machining of high lead alloys hase been
sudied, and signifiant quantities of air-
bome lead have not been demonsirutexd.

Graphite which becomes airbome during
the machining of cast iron is nol considered
to be physiologially significant, am! there.
fore is classified a3 3 nuisance dust, Frequent.
Iy management considers it advimable 10 pro-
vide ventilation for the machines which are
productive of the most dux, as graphite on
the clothing and peron and surrounding
machinery is condudve to many complainu,
Ventilation systers for the machining. drill-
ing. and % forth, of ast iron sdwwid in.
clude hoods located as near the cutien or
drills as is practiable. Many of thee hoods
are in use on production machincry and are
doing an excellent job.of dust control.

Abraive Cleaning—Siox silia it recog.
nized ay the most harmiul of mineral dust,
an adequate ventilation syiem is normally
provided at the time ol installation of tom-
mcrcially built sand blast equipment. Con-
tinuous usage and lack of maintenance result
in 3 brakdown of adequatc conirol. Visible
cwape of dust is the bot evidencr that this
has occurted and it is advisable to correa
such a condition without undue delay.

Emplovea who are stationed in blast rooms
are dependent upon personal respiratory
cquipment. 1t is of utmest imporance that
such deviess are of a type which will provide
the necossary protection. Devices of this type
are of the supplied-air variety, and it is neces-
sary that the zir provided be frec of harmful
contaminants. The air compressors should be
locited in an area {ree of conuaminalion
atherwise the contaminant will be tamsmitted
1o the belmet and the breathing zone of the
worker. »

Narmally, ventilation within the room i
provided 50 as to improve visibility and to
help prevent the escape of dust to the sur-
rounding areas not to reduce the oncentra.
tion of silia dust to a safe level.
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Automative and Machine

Tunmblast or rotating wble type of sand
Llast units should be provided with sufficient
ventilation to prevent the sape of ilia
dust. Leakage due to excessive wear should
be remedied.

Smali sand blast abinects, where the opera.
tor conttols the blast notiles from ouuide the
aabinet, frequently have faulty seals arounl
the doors or the rubber gauntlets are loose
or tomn. The dust which sapo from the
cabinet through thew apeningy b in clowe

proximity to the breathing zone of the em. -

ployee and in many instanas cxcends the per-
missible limit for silica. This leakaze should
be corrected and the men should not be re-
quired to use respirator.

I the antices being blasted are frec ol
silia or other toxic material, the dus result.
ing from grit or shot blasting is clisified in
_the nuisancc category. It follows that the
maintenance of ventilating wwems for grit
hlading, although desirable, is aat alway
~o necewary as for sand blasting.

The use of steel grit or shot in blasting
rooms produce excessively high roncentra-
tions of dust within the enclosure. It is there-
{ore, necessary 1o protect the worler within
the room. The remarks included in the sec:
tion deveded Lo nd blasting rooms sre there.
fore, pertinent when considering rmoms in
which steel grit or shot are m‘-cd as the abra
vive.

Vapor blasting. a variation of «and blading,
1+ ol cowparatively recent development. This
procedure involves the use of fine silica and
water under prassure, The silica usal in vapor
tilast unis varies in size and may even be i
smail as 1250 meh {approximately 10 mi.
croms), It i generally believed that airborme
silia particla below 5 microns are most sig-

nificant in ausing silicosls, [t then follows -

that ‘operations involving the use of silim
abrasive whose initial particle size approaches
that order of magnitude are more hazardous,
and require contingal vigilance in mainin-
ing good control. It is, therefore, essential that
the vapar blast abinets be mainuined w
that lcakage of mist does not occur. Good
housekeeping is also essential as spillage of

“the and and water sludge upon the fMoor.

will ceate 2 source for dust dissemination
when the water evaporates. Likewise, con-
tainers of the dried sludge sheould not be al-
lowed (o stand in the factory where they
an be influenced by air currents of high
velodty.

Shop Section D § R

Pragialily all indusrial plants have opera. .-
tions which involve the use ol leading base
beaaring meual or solder. Babbitt bearing
metal conlining approximately 75 per cent
lead his been mcountered. The conpod
tion of solder mctal is variable and de-

 pendent upon the purpose for which it i ¢ -

used, with ordinary soft solder conuining a
comparutively high percentage of lead.
Assumiing that the babbitt or solder in
use Is one conwiining a signifiant amount of.
lead, the question then arises a1 to.whether
or not the employees working with this ma. -
terial will become il The answer to such a
quastion could be given by a1 qualified in-

dustrial hygienist after he had seen thic opera-

tion and considered such factors as the tem.
perature to which the metal is heated, the
method of removing excows solder, the length. 7 7
of exposure, and the efectivenew of the con- .

trot measures provided. . ._».:L' -
It is 2 well known fact that Iad t:nuu: .

illnew if absorbed in excensive amounts, and -,
therefore operations wberein”' lead - is . used v
have recrived considerable attention™ and
study. Out of this experience certain prac:;. ™
lices are known to pmduc: excemive exposure,
whereas other practices bave been proved not, -
to be harmful. It s generally conceded lbat.
excemive” concentraiions do oot result lrom. -
operations where solder is applied by means’,
of an elediric soldering iron. This is probably 2
due to the small aniounts of solder used and !
the comparatively Jow heat of the metl
When an iron is used which is beated.in a
small gas fired furnace, the exposure may be -
af greater consequence. Soider which reraains .
on the iron coming: into conua with"the
flame or heat is vulnerable for vulad.h:nuon.
Small amounts of solder drop from the fron . '
onto the hot Aoor of the furnace where it'is" . “' .
readily volatilized or oxidized. The oxidized " ¢ -
material may become ajrborne duc to dh-.,_
tuchances created by the flame or by remorv-.
ing or plading the soldering’iron in the. fur- -
nace. Frequently industrial hygienists recom- 1\; )
mend that ventilation be provided for heating 77 2
units of this Lype thercby" removing lead -
(umes and dust from the enviconment. This
is particularly true in small rooms or whcrc .
many units are in use, .

The atmospheric contamination oca.sioned
by the use of cither gas ur cleatrially heated
pots containing solder i1 dependent on a
number of {actors. With higher lemperatures
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 axidiied to
procduce 2 druss consisting of 3 high percent-
age of lcad oxide. The dross may provide a
protective coating to reduce the volatilization
of the lead: however. disturhance of this coat.
ing will create an exposure. As 1 safeguard
against excessive contamination, pots contain-
ing soldler or babbitt are usually ventilated.
Wherever powible it is adviable to enclose
the pot as completely as possible and provide
sufficient 1ir volume to overcome the thernyl
clfects of the molien metal. Attempts have
been made (o use natural drft ventilation
systems to contral thewe fuines and in thoe
instances where the ducts were not of suffi-
cient diamcter the system was inadequate
A preferable method is the wac of mevhanicat
systemis.

The removal of excess wider with power
driven tools, such as grinding wheels, disc.
or wire wheels, cTeates airborne dust which
may contaminate large areas of the factory
if the operation is extenmsive. Diligent use of
abrasive cloth will also result in excessive
concentrations of lead dust. Filing, however.
is not producive of small particles and is
preferred over the wee of power driven toole
1t filing is nat practicable or fcasible it will
be necesary (o provide «ome type of me-
¢hania! venilation swtem f(or the solder re-
moval operatione involving the use of power
tools. Since the permissible limit generally
accepted for lcad is 1.5 milligrams per 10
cubic meters of 3ir (358 cubic (eet) it will be
necowary 1o have an effective <ystem to pro-
vitle adequaie control. Engineers experienced
in devigning ventilation systems to contral
toxic materials should be consulted, other-
wise a costly svvem might be erected and
later discovered 10 be entirely incffective. Fre-
quently solder removal operations require the
use of portable tools on large objects and a
local exhaust sysiem would not be effective, as
it the ase in the fabriation of automobile
bodies. General contamination of the factory
with lead dust has heen eliminated by enclos.
ing the entire operation in a large booth and
exhausting a sufficient quantity of air from
the enclosure to insure a constamt inward
flow of air from the factory intc the booth.
Under these circumstances no  practiaal
amount of air, couid be removed from the
booth to reduce the lead concentration to a
safe level, and therefore it is necesary that
the men working therein be provided with
adequate personal protective devices.

Heat Trrating~High temperatura are a

“requent souree of ‘@mpliint (ram” émployens

m heat treat departments but such condi.
tions and their ¢ontrol are not within the
subject matter under diseusion,

Fumes disseminated from cyanide pots are
often asodaied with cyanides used as fumi-
gants or as Lbe Jethal agent in dath cham-
bers and supcrvision as well as the employee
becomes apprehemsive. Fumes from such 3
source are irrilating and beciuse of (his
property should be adequately venulated.
The imitant nature of the [ume s quwed
by alkali formed upon decompesition of the
cvanide.

Molten laad is sometimes used as a barden-
ing medium for metals. Frequently charccal
or some similar matcrial is placed on 1he
surface of the mctal to conserve haay and
prevent oxidation, A oovering of this 1ype
reduces the olatilization of lad while the
bath is quiescent, but has no effect while the,
bath is in use. Adequate ventilation should’
therefore be provided for bathy of this type.
As complete 3n enclosure 23 s practial lor
the cperation being performed is advimbie
with air quaniitio dependent upon the open
araas in the hood. To prevent wntamination
resulting from velatilization of laad accumu-
lating in the combustion chambers the prod:
ucts of combustion from gas fired laad pous
should be vented 1o the outdoorns and not
be allowed to disipate into the workronm.

Iron Foundris—The principal ingrediene.
of foundry dusts are silica, sea wal, clays, and
janing compounds. The predominant ma-
terial will be dependent upon wbich phase
of the foundry operation is being sudial
and what operation is being perforroed. The
control of dust is the major prohlem. whereas
fume is of secondary imponance.

A discussion of all the aspects of the in-
dustria] hygiene problems in such planu
would require a scpamale treatise. For the
present discussion it should be sufficent to
state that «ll obvicus sources of dust dis-
persion should be reduced to a3 minimum by
adequate localized exhaust svserov In a
mechanized foundry such plares would be
sand conditioning and mixing equipment.
tumbling mills, shakeouu, core remnoval and
knockout stations, transfer points of .dry
sand, abrasive blasting operations. and ail
grinding operationy performed on cstings
containing appreciable quantitiss of sand.
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Automotive and Machine Shop Section

Maintenance of ventilation equipment is

_.a_major_item_in_foundries_becguse_of the.

abrasive action” of the dust. It is imperative
that a good wrogram be maintained w 23 1o
teep the equipment {unctioning at maximum
cfidency. -

Beause of the heat amodated with large
saale foundry activities it it a commean sight
to see pedestal (ans or air oooling ducws di-
rected in wuch 2 manner as (o aeate coss
dralts which interfere with the efficient re.
moval of the dust dispersion. Better discre-
tion in the placement of these fars or ducts
will go far in reducing dust concentrations
in the areat where they are used.

After the obvious has been corrected, it s
advisable that a2 survey of the (oundry be
made by an industrial hygienist so that an
acurate evaluation of the exposure may be
obtained.

Rapiratory Protective Devices — A3 has
been sated, the atmospheric concentration
of dust and fume and other materials may
he reduced to a safe level by adequale ex-
haust ventilation. In some ase it is pomible
1o correct the condition by substituting a
less toxic material. 1[ these measures are not
practical respiratory protective devices may
be used. They may alw prove valuable in
giving protection during an emergency or to
provide protection for intermittent exposures
or to supplement other methods of control.
They should, bowever, not be comidered as
the dairable meuns of controlling a haalth
hamrd

13
Experience has shown that frequently pro-

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

The U. 5. Burcau of Mines at their experi-
mental mation in Pitsburgh tests equipment
of this type and studies the protection of:
fered to the wearer. If the deviee is satistac-
tory in perforr nce, they isue an approval

‘number (o the manulacturer which appan

on the device as well as the container in
which it i received from the manufacturers.

The approval grante! by the Burcau also

stipulatet that type of materials (or which
it is approved.

Tt has become general practice in the fidd
of industsial hygiene to recommend the e
of only those respirators which have been ap-
proved by the Bureau,
should likewise insist that such devies be
procured and acquaint themselves with the
type of protection aforded by each device
and thereby provide adequate control for the.

Safety engincers |

. tective devices-have bhem-issued- which-do- pot ——— - =

individual wearing thy cquipment. Some en- -
gineers 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 give adequate protection
for materials of lower toxicity. The advan-_
tage of such a procedure has merit a8 it re-

.duces the types of devices nceded in stock

and likewise insures the correa device for
the more serious expasures.

The complete finishing of mwetals by elec-
troplating may indude:
1. Ceaning by abrasiva. -
1. Polishing the base metals.
Cleaning with solvents.
Cleaning with alkaline solutions.

“Pickling.”
Metal deposition or electroplating.
7. Buffing the deposits.
8. Lacguering the finished product.
In abrasive deaning, sand or steel shot is

i

%
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5. Cleaning with acids often referred to a8
6.
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Moetal Cleaning

By THOMAS MOONEY ,
Med.Fac Industrial Hygiene Laboratories

used under pressure. The potential hexlth
hazards in this type of cleaning are exposure .
10 dust of a high free silia (Si0,) content
caused by the sand and also to metallic dusts
where metals capable of producing toxic
dusts are cleaned by shot and sand blasting.
Sieel shot blasting {s a much less severe haalth
hazard than sand blasting: consequently, steel
shot abrasive deaning methods should be
used wherever possible. . | .
The maximum allowable concentrations

(M.A.C) for free silica are five million paru-
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