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Racoqniﬁon cmd Control of Fume und Dust Exposum
| . By V. ]. CASTROP"

‘Reaom'ch I.cxbomtones Division, Geneml Motom Corporatxon B

Nincss wlnch.ax‘l bc attributed ' to the oc-
cupation may occur in the automotive and
allied industries. While/odcupational disease
cascs ‘are’much fewer in-dumber than those
resulting - from accidental u'qmy, there still

remains the need for vigihnoc in maintaining
a healthful working environment. ‘The re

spomibxlny for employee health is dclcg:ted' ‘

by. manmagement to the medicl director with
the safety director charged with matters per-
_taining to safety. For the smooth-functioning
" f cither dcpanmcm it is necessary that these
Mividuals’ work in dosc harmony mth cach
other. ”
A nteq cngmccr who is apable of recog-
* nizing conditions which may be detrimental
to the health of the cmploycc is an excellent...

teammate for the doctor in any cmplo«n:c )

bealth maintenance program. The safety en~
gineer. need not: be capable of actually sam-
pling air in the cnntonmcm or ‘designing a .
ventilation “for the control of toxic

materials. He should, however, have knowl-

cdge of the materials which have been proved
harmful, should be Girly well informed of
bhow- these materials may be used safely, have
some understanding of basic control measures’
which are normally recommended when such
materials: are used.

- The intention is not to present a highly
technical discussion: of fume ‘and dust ex-
posures- or "detalled information regarding

vcntﬂadonsystcms.smchmtwsneof:

interest:to the: industrial hygien-

ists'and of comparatively little value to safety - i

cnginecs.'rhhdhmionwiubclimitcdto

the 'more - basic principles of *industrial . hy-

‘gicm:ntbcyrthtctofnmcandduu ex-

‘posures,” to: Indicate’-what ' control’ measures
arc;available or: used to- _protect -the .em-

ployee’s health, and, to-all. to: your attention

' opcndom 2nd materials which are commonly

used;in; the automotive and. allied industries,

_ at the! name . time s indicating  the generally

- have’ ‘been.-pro

-

acocptcd opinion as:to their effect on bealth.

Many conditions are corrected or improved -
because of reasons other than their effect
upon the health of the employces. Better

products, better employee relationship, redac.. Q :

tion in maintenance of equipment may be
dted as justifiation for management’s de-
cisions for such correction or improvement. |

Generally 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 fumes, dusts, mists or gases.
‘Ingestion .is of importance if toxic materials

which have a systemic effect are used and.
adequate’ washing fadilities are not provided,
or, where the employees are slovcnly in‘their
pcrsonal ‘habits. Inhalation’is considered the
most important portal of entry of fumes
or dusts and the partide size, therefore, be-
‘comes significant in evaluating an cxpomn:.
The particles which cuse.the

changes are those which are small enough m»
remain 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, arc not of hyglenic tignifiance since -

they are not of respirable size. To judge the
scriousnes of an cxposure by the quantity
of detritus adjacent 6 ‘an opcration is often
misleading. ‘This is ‘true  where
mechanial ventilation been. provided
wluch will remove therg&xmm-hlbux s

cogivey the- larger

n:; it i necawry
tooomxdcrtbcmidtyo(tbemtahl.un
duration’ of the exposure, tlic average concen-
tration of the contaminant with special atten-
tion - being-‘paid. to ; those . operations’ which -
produce high. . oonowxndoos .2t some phase
of an opcnting the measures which

trol ‘the exposure.

T~

‘
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Mcdial records of the individuals mbjcd.bd
Lothccxpown:may be of value if the éxami-
nations are thorough and frequent and not
of a cursory type. It must be remembered
that occupational diseases are slow in develop-
ment and in some instances lasting in- effect.
Slow changes may not be detected and the -

mere fact that cases have not-ocourred 18 Do -

definite assurance that exposures to known
toxic materials may be ignored. ©

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

The apparatus used in collecting the n-
taminant and the method used in estimating
the amount present in the atmosphere vary
with the type of material. Tests of this type
are spedialized in nature and are beset with
many pitfalls which can lead to’ very errone-
ous results and condusions if done by‘odu:r
than experienced personnel.

In a discussion pertaining to toxic ma-
tcruhilugmcnllymrywqmpcr-
missible concentrations or as it is sometimes

expressed — maximum allowable ooacentra-
tions—permissible limits, or thrashold limits.
These terms are used extensively by industrial
hygienists to indiate concentratons of a
substance in. the air which are considered
compatible with good beaith. The limit usu-
auy applics to exposures of cight hours dura-
tion for a prolonged period. -

Thelimmarc.forthcmoupan.advuory
standards or| bench marks whxdx\l.xe prac-
ualtomect.lngcna:l.,lhacllminmdb
rived from threc types of cvidence all of °
which have value and limitations.

. Animals have been expored at different
concentrations and the effects noted.

2. A few uhavcbccnmzdé

on human subjects for short periods of -

3. Safe limits have been arrived. at by
measuring the concentrations of -3ub-
stance in the workroom air and corre-
lating this information with .results of
medical examinations of workmien.) ¢ .

There is no imagic connected wmx/t.bac

limits and the mere- fact: that they are ex-.
cecded does not necesearily, mean that. some- *

one will definitely become: {ll," buit there is 2
good probability that someone will suffer fll

cffects if the limit is greatly exceeded for a-

'tzmmgtodod_xmg.goggks.
-of common knowl
Ano'tbccmnidcmdmthbdi’smdou.

normally. precent..
‘largcnbop.Nitxogcnoxidaﬁxmedbylbc

J
considcnblcpmod.'ﬂmcranmlmmnchw'

be learned” g the toxidty of many
subetances used /in indostry, and'it is boped
thatwithmoxcmwrhmdmldythnthc
answers will be found.
Somudxﬁortbegcnuzlpidmm.blwh'
ukcalookagoomcspeaﬁcopcnﬁom.
Wcldmg—de}ngptocmammtwmmm
ly used can be divided into three types, arc,
gas, and resistance. The safety ‘measures per-
and ‘helmets are

Arcwddmgwbcnpaformcdouuncmwd
steel does not produce 2 condition whith is
considered harmful to the welder provided it
uaocmnpl‘uhodlxr ively large open
area. The fumes\w hif:hmult(mmwddmg
consist essentially of‘the .oxides of iron and
oxides of metals which may comprise the
uodorooumgo(thcwddingmd.&mcln.
vestigators have found * characteristic imark-
mgxon(cbptxny:olmmw!mhxvcwdded
under conditicns for long. periods of
time, markings are presumably doe
tothcdcpowmofumiunu:mmmthc,
lungs, but it bas ot been demoastrated ‘that
such fumes have caused physical impairment.
A frequently -suggested limit. for- welding
fume is 15 milligrams of iron oxide per cubic
mctcrofur.(kmocnmuomotthnmgmmdc
existing in the workroom would materially
reduce visibility and thereby become 2 nui-
mocoranumfeamdmonmquiﬂngmt-
rection.

Welding withinmnﬁnc\dxxmmdxn
tanks, inside machinery oc equipment,-or in

‘small roots.presents*a condition which can

be ‘of- concern. The concentratiosi of fume is
- materially higher under these conditions-2s
there is little opportunity for :dilution: by
natural air. currents fa 2

clectric arc wben inhaled . in sufident” quan-
tities causes finids to form in the lung—edema
~with the resulting failure of the resplratory
system. - While -welding..in langpe: open -arcas
these toxic-gases are .pot . present in

-sufbcdent quantities to cause harmful effects.

However, -when-. wdd!ngkdunlnounﬁmd
zrm.tbcnlhogcnoddamqr.radxam
centration which will:bé harmful.;',

Guwddlnggcncrnllyhnot pmdneﬁted
harmful’ fumes.. There: are, bovrever,: fri brax.
ingtwpotmthllyharmfnlcx - While

\‘yn

'bodc add or bontcs‘ gvcncnl]y -are” uzcd ln




containing -significant - quantities of fuoride
hnnponmhmdmmfmmtbacﬂnxuhavc
been known to produce significant nasal irri-
tation. Fluorides In general ‘are looked upon

with sispidion since pay. produce harm-
ful -effects. upon the’ cture, - A- limit
of 2.5 mg. per cubic bccnmggmed

for -fluorides; but po~ standard has
agreed upon. Most industrial hygxcmm at-
tempt to. keep them as low as practicable in
order to be absolutely certain that booc dam-
agcdoanotooaxramongthemkcn.
Sﬂvcrnoldaisoncofthcmomcommon
alloys used in brazing. Solders of this type

Autamotwe and- Maclxme S{pp echon

bnﬂng nuxa, ‘some mictal - rcquinc fuxes  discomfo

vzrymoompoudonandmaymsomcm-‘

stances contain admium which if volatilized

in sufficdent quantities is cogsidered to be -
harmful. At present the suggested limit for

admium fume in air is r milligram per 10
aibic meters of air.
Rcsésuncc.tpﬂ.otbuttmldingofphin
steet . i3 of no concern from the physiological
sizndpoint, -The fumes arising from such

opcrations generally aké ‘caused by the vola-’
“tilized: ofl which. has ‘come upon the metal-
itock” during previous operations or which -
basbecnphccdupontbcmcnlasanm‘

preventive..

The dhcnniono{wddmgopcn
uomhnbccnbasednponthcmmpnon
that' the metals being welded are of plain
stcd.'l‘lnpaiomnnaeotwddmgopcuuom
cither- are, gas,  or resistabce, upon’ metals

which havé been’ ooated with such toxic ma- -

terials a3 lead, admium, or mercury may
cmschumfulcxposmu.‘rhcbatofﬂbr
ﬂamoroftbcmamavoh&ﬂmgg,bf
theee metals. - Welding or cutting of terne
plate ‘or ,other. metals contzining - significant

‘of lead can result in the volatiliza-

tion: of .Jezd - fume, which 'if inhaled for a -

sufficent “period of time, may-result in lead
absorption and ultimate ‘poitoning. The cut:
- ting ‘'or: welding ol surfaces which have been
“coated with paint containing lead has caused
lead‘polsoning’in: the past and. will continue
lodosounlmudcqmzdy coatrolled,
deingo!a.dminm plated ‘material was
“attributed -as ‘the: ore of. illoess and cven

dezth:to a number of individuals during the,

)mccnt war activity. The ‘reported - cases “in-
dicited: that’ death: 6ocurred in a ‘compara:
ﬁvc!ysbmtﬁmcaﬁzrurcupomrc. .

AHWeading cof “metal: causes the
vnlalmnuon of tbezinc coating. Tcxnponry

EN

-

&

cording to

9

ted with metal fume (cu:r ,
may result from such an’ exposure. :
Where warranted "the coritrol of welding.
fumes is generally accomplished by providing
a2 mechanial ventilation system. The type of
ventilation used is dependent upon the na-
iureoftbcwcldmg.wmmtbcobjeczwbc
welded is positioned in a fixture or jig it is
possible to obtain effective . control of the
fumes by the use. of -4, grill side bhood, or
flexible duct near. thé séurce of fume. If the

'paruamhrgeandithncmrywwdd

more than a foot from a fixed point it is
difficult to obtain good control of the fume
with reasonable air' volumes through sys-
tem using flexible ducts. Since the effective
range of most flexible ducts is approximately
8md1csfmmthcductopcmng,xtuncccs—
sary for the welder to move the duct when-
cver the arc is outside this range. prac-

, tial result is that most. ducts axe\normﬂ}y

not movcdanp

¢ ventilation system does
not remove the

‘when liberated. Ac-
this type of . ty:u:m lm,
been effectively. used :in shipyards, for -the
control of welding fumes in confined areas.
In viek of this experience it. should there-
fore be a satisfactory means of control for
welding fumes in tanks. However, excellent
supcrvision and eduation is necesmary to
make such systems effective.

Wbcxcuicroomvolumcpcrwcldcruhxgc
the natural ventilation within the plant i
usually sufficdent to prevent ‘the. zw.xmula
tion of excessive concentration of (umcs
plain stecl welding. Circulating-fans l
from the side belp to dilute the fume which

may be concentrated in tbc’ma(.hing zone of
Tthe welder., N o/

Another mhcaus of controlis the use of per-

fonal respiratory, eqnlpnx:nt. Alr line respina-

tors and fume respirators have been developed
which will provide 2dcquate , Sotme
manufacturers of this type of equipment hawe
on the market welders’ helmets with. facilities
for providing fresh air to the wearer. The use
of this type of equipment has boen limited.
Since the welder is already burdened with

helmet, goggles, and. protective dothing -he

-_pmbablywinno(bcmccpdvewaxcp(nxm

It is usually suficient -in. most ‘welding for.
thccmployeclomrmudlmqbdmmﬂ

~-mamngcmcpoc!thnoftbcwrk»uw

prevent the. couocnmlcd fume from. Bowlng
under the. helmet. -

Dry Gnndmg—-’rhc dus( rcsulting fmm the
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grinding of nontoxic metals which are free of
sand Is generally considered a2 nulsance and
is.pot harmful per sc. Daspite this act some
- slate laws require griding operations to be
ventllated. This requirement has probably
been a hold over from the days when sand-
stone whzels were prevalent and also to pre.
vent the creation of a nuisance condition.
Crinding wheels in use in industry have ar-
tifidal abrasives such as aluminum oxide or
“silicon carbide. -Emery, which is-a natural
product compoeed of ementially aluminum
- and the magnetic oxide of iron, may also be
uscd: A permissible limit of xo million par-
, tide per cublc foot of air for aluminum
oxide and silicon aarbide was recently ac-
ocp(cd he members of the Amerian Con-
ferencyf of Governmental Industrial Hygien-
ists. Such a limit is liberal and concentrations
of such ftude arc normally not en-
countered.
_ When lead, iilia, or some mnxhr toxnc
- material comas in contaat with the grinding
wheel the exposure to the abrasive matter
. may be ignored and the exposure evaluated
on the basis of the toxic material. If this
latter material is controlled the nuisance will
also be eliminated.

-Ventilation systems for gnnding )‘hccls
have been fairly well standardizedarid gen-
crally are satisfactory to prevent a nuisance.
Hoods should endose the wheel as completely
as is practicable. Air volumes should be pro-
vided which are sufficient to.cause an inward
flow into the bood when using the smallest
" wheel. This is espedally true ‘where toxic
materials are involved. -

Wet Grinding—Bafiles, hoods, and guztds
are generally Joated near wet grinding
wheels to prevent dispersion. of the liquid
used as 2 coolant. These devices Zare usually
suficient to control the dust if it<is nontoxic.
in nature. If the dust liberated is toxic, me-

chanial exhaust ventilation may be required.”
‘Buffing and * polishing—=The buffing com."

pound applied to wheels used “for buffing
and polishing vary in composition. Waxes
-and various types of.abrasive are the major
components. These materials plus lint and
fibers from the wheel are the essential in-
grcdicnu of the airborne dust. The toxicity

dependent upon. the type of abrasive.
.Gmnyvmtnaﬁonhpmvidedsouw
improve housckeeping and reduce the num-
ber of complaints- and not because of the
hamard to health.

_worker. . . ry

- Machining—8moke from oily parts is the
prevailing source - of air contamination at
machining opcrations. {llpess hat not been
attributed to this type of exposure. As Is the
ase with most- fumes and dusts. of the nul.
sance variety little {s known as to what ef. .

fect. such materizls have on almdy existing

physical abnormalities.
* Machining opcrations on - &w.l ptoducc
large chips- tumings. consequently, dust
is not 2 tions .involving the
machining of high. lead alloys have been
studied, and signifiant quantities of . air-§
borne lead have not been demonstrated. "
‘Graphite which becomes airborne during

“the machining of cast.iron is not considered

to be physiologically. signifiant, and there-
fore is classified as 2 nuisance dust. Frequent-

_ly management considers it advisable to pro-

vide ventilation for the machines which are
productive of the most dust, as graphite on
the dothing and person and surrounding
machincry is. conducive to many complaints.
\'cntihtlou systehs for the machining, drill-

'mg‘mdsofonh.ofostimnsbould in- -

cude boods located as near the cutters.or
dnlhnhpnaxablc.umio{thocboods
are in use on production. m3chinery and are
doing an excellent job of dust control. -
' Abrasive Cleaning—S8ioce silica is reoog
nized as the most harmful of mineral dusts,
an adequate ventilation system is normally
provided at’the time of fostallation of com-
merdally built sand blast. aquipment. Coa-
tinuous usage and lack of maintenance result
in 2 breakdown of adequate control. Visible
escape of dust is the best evidence that this |
has occurred and it is advisable to correct
such 2 condition without,unduc delay. .. »
Employees who are stadoued in blast rooms
are upon " personal - respiratory
equipment. ‘It B of utmost importance that
such devices are of a type which will provide.
the necessary protection. Devices of this ’
are of the supplied-air variety, and it is veoes-
sary that the air provided be free of harmful
contaminants, The air compressors should be .
loated in an area free of contamination
otherwise the coataminant will be traasmittéd
toux:bdmctandtbcbmthlng,mo(thc

Normally, vcntihdon vnttun the. room -is

“provided 30 as to improve visibility and:to

help prevent the esape of dust to-the.surs-
rounding areas not to reduce the cooccnm :
tion of sflica dust to mu(c lcvcl. e

[
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Tumblu& or mudng tablc type of sand

— blast units should be provided with sufficient

endlation to prevent the esape of silla

"~ dust, Leakage duc:to excemive’ wear lhould
be: remedied. :

Small sand blast tabinets, where the opera-
tor controls the blast nozzles from outside the
cabinct, frequently have faulty seals around
the .doors or the rubber. gauntlets are loose
or torn. The dust which esapes from the
abinet through these openings is in dose

" proximity to the breathing zone of the em-
ployce and in many instances cxceeds the per-
missible limit for silia@. This leakage should
be corrected and: the men . should not be re-
quired to use respirators.

If the articls being blasted are free of
silica or other toxic material, thé¢ dust result-
ing from grit or shot blasting is classified in
the nuimnce ategory. It- follows - that the
maintenance of ventilating systems for grit
blasting, although desirable, is not always
so necessary as for sand blasting.

The use of steel grit or shot in blasting
__rooms ‘produce -excessively high - concentra-

“ons of dust within the endosure. It is lhm g

Ave, necesary-to-protect the worker w
the ‘room. “The Temarks induded in.t th
tion devoted to sand blasting rooms aré‘thctc
fore, pertinent when -csfsidering rooms in
-which' steel grit ot shot are used as the abra-
sive, ! ' ‘

" Vapor blasting, a variation of sand blasting,
is df comparatively recent development. This.

procedure involves-the use of fine silia and
" water under pressure. The silica used in vapor
blist units varies in size and may even be as
small as 1250 mesh (approximately 10 mi-

- croms). It is generally believed that airborne -

uhaparddabclowsmimammostng.

nificant in ausing’ silicosis. It then follows -

that op
~abrasi

that ofder of magnitude are. more hazardous,’
and_require continual vigilance in maintain-
ing good control. It is, therefore, essential that
the ' vapor blast cabinets be maintained so
that leakage of mist does not occur. Good

tions involving the use of silia

_housckeeping is also essential as spillage of

“the sand and water sludge upon the floor

—Il ¢reate a_sourct for dust dissemination’

hen -the -water evaporates. Likewise, con-

“tainers of the dried sludge should not be al-

Automotwe and Machine Shop Sectwn ‘
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Pracdczlly al! Industrial plants have opera-
tions- which involve the usc'of leading base
bearing metal “or solder. Babbitt bearing -
metal containing. approximately 75 per cent
lead has been encountered. The composi-
tion. pf. solder metal \is varlable and de-

-pehdent “upon' the purpose for whilch it is
-used, with ordinary soft solder containing a

comparatively high percentage of lead. .

© Asuming that the babbitt mmﬁj
use is one containing a significant of

' lead, the question then atrises as to whether

“or not the employees working with this ma-

terial will become {ll. The answer to such a

" question could be given by a qualifed in-

dustrial hygienist after he had scen the opera-
tion and considered such factors as the tem-
perature to which the metal is heated, the
method of removing excess solder, the length
of exposure, and the effectiveness of the con-
trol measures provided.

It is a well known fact Lhat lc:d causes

_illness if absorbed in excessive amounts, and

therefore operations wherein lead. is used
have received -considerable attention and
study{ Gt _of thit experience certain -prac-
tices are k to produce cxcemive exposure
whicreas: .practices have been proved pot
to be harmful. It is generally conceded that
excestive concentrations do -not result {rom
operations where solder is applied by nwans
of an clectric soldering iron. This is probably
due to the small amounts of solder uwed and
the - comparatively low heat of the metal
When an iron is/myed -which is- beated in 2

“small gas fired furnace, the exposure my be

of graater consequence. Solder which rcmalm
on the iron coming into contact with the
flame or heat is vulnerable for volatiliration.
Small amounts ‘of solder drop from ‘the iroa
onto the hot foor of the furnace where it is
readily volatilied of oxidired. The oxidired

initial partide size approachey” “mMmiterial may become airbome due to db-

*-“"turbances created by the flame or by remov-

lowed: -to ‘stand in_the factory where they'

‘an’ be. influenced by air cuncn’u o’f hlgh
velodty, - . (NI

ing or placing the soldering iron In the fur-
nace. Frequently industrial hygienists recom-
mend that ventilation be provided for heating
units of this. type " thereby* removing lead
fumes and dust from the environment. This
is pamcuhrly true in small rooms or where
many units are in use. -

The atmospheric contamination occisioned

by the use of either'gas or electrically heated
pots -containing wlda is d t on 2

. number of factors. With higher temperatures
.+ more volatiliration will occur and the rreater.
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will ‘be the exposure. With the higher tem-
perature the metal is more readily oxidized to °
- produce 2 droes consisting of a.high percent-
age of lead oxide. The dross may provide a
protective coating to reduce the volatflization
of the lead; however, disturbance of this coat-
ing ‘will create an exposurc. As a safeguard
against excessive contamination, pots contain-
ing solder or babbitt- are usually ventilated.
“ Wherever possible It is advisable to enclose
s the pot as completely as possible and provide
- sufiident air volume to overcome the thermal
cffects of the molten metal. Attempts have
been made to. use natural draft ventilation
jystems to oontrol thewe fume and-in those
instances where the ducts were not of suffi-
dent diameter the system  was inadequate
A prdcrablc mecthod is lhc use of mechanical

cm{r:moval of exoes solder with power
driven Yools; méx as grinding wheels, discs,
creates airborne dust which
may coataminate large areas of the factory
if the operation is extensive. Dnhgcm use of
abrasive cloth will also result in excessive
_ooncentrations of lead dust. Filing, however,
is not productive of small particdes and i«
prefared over the use of power driven tools.
It filing is not practicable or feasible it will
be necessary to provide some type of me-
chanial ventilation system {or the solder re-
moval opcrations involving the use of power
tools. Since the pcmusnblc limit generally
acoepted - for lead is! 1.4 mﬂhgrzxm per
cubic meters of air (553' cubic feet) it wi
necesary to have an éffective system to
vide adequate control. Engincers experien

in designing ventilation systems to control\__

toxic materials should be consulted, other-
,mscacosdysvstcmuughtbccmacdand

later discovered 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 effective;-as” -

-is the case in the fabrication of automobile
bodies. General contamination of. the:factory
with lead dust has been eliminated by endos-
ing the entire operation.in a large booth and
exbausting a suffident quantity of air from

the enclosure to insure a constant -inward

flow of air from the factory into the booth.
Under

booth to n:duot_:, the lead concentration to a
safe level, and 'therefore’ it is necessary that
~the men, working, therein be provided’ wnh
adcquatc personal protective devices.:

these circumstances. no pmcnal'
amount . of :air .could be removed from-the-

LI
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Heat Treating—High' tempcmm are a
frequent source of complaint from employoes
in_héat treat departments. but - such -condi.
tions and their control arc not withln thc
subjet matter under discussion.-

Fumes diseminated from qnn!de pou arc
‘often asodlated. with cyanides used as fumi.
gants or as the lethal agent in death cham.
bers and supervision s well as the employee
becomes apprehemsive. Fumes (rom such a
source grc - irritating and becaust .of .- this
property should be adequately. vdfitilated.
The lrritant nature of the fume Is caused
by alkall formed upon dccomponmon of the
~cyanide.

Molten lcad is sometimes mcdmahudcn
_ing medium for metals. Frequently charcoal
" or some similar- material'.is placed on 'the
surface. of the mctal to comserve heat and
prevent ‘oxiddtion. A -covering of this type
reduces the volatiliration of lead while the
bath is quicscent, but has‘no effect. while the
bath is in wee.. te ventilution should
therefore be provided for baths of this type.
Mwmplacmmdomrcnkpuaiol for

operation being performed i3 advisable
withairqmntidadcpcndmtnponthcopcn
‘areas in thcbood.'l‘oprcmtocmmmdm
rcquUng from volatilization of ke2ad accamu-
- lating in the combustion chambers the prod-
ucxsofmmbustmﬁomgnﬁmd!adpou
should be vented to the outdoors znd noe
.bcanowcdmdhﬁptclmé"themhm '

A=~ _Iron Foundna—-‘l‘be prindpal {ngredients
of dnstsuexilia sca conl, days.;nd'

xngoom The predominant: ma
lwinbedcpcndcmuponwhidxp‘!nm
of the foundry tion is: bel
andwhatopaztionhbdngpcximmul.l‘bc
mnolofdustbtbcmjorpmbkm.whum}
ﬁxmclsofooooodnyxmpomm S

A’ discussioa of all lbcupodtsot’thcin-.
‘dustrial “hygienc - problems  in'| such  plasits
1 would- require a te treatise. -For 'the
present: discussion it should bé sufcientd
state that all obvious sources of . dugpf
penionxbonldbcmdnoadtoa minim &Sy |
,adeq‘ét localized’. exhaun systems. - In; 2 §
foundq such - places .wodld be
sand’ oondibomng and” mixing . equlpmt‘f 3
-tumbling mills, shakeouts, core removal and
knockout . 'stations, " transfer’ ptinu ot diy |
.sand, ‘abrasive” blasting opcndm ‘and’jall |
“grinding . operations” performed ‘on auings ]
conuinlng appredable quxndtiu: of nnd -k
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Ma!mcmnd: of ventilation oqulpmcnt is
‘2. majoc item In foundries because of the
abrasive action. of .the dust. Tt is imperative
that a Mpmmmbcmlnulmdwn 1)
keep the equlpmcnt funaioning at maximum

Bcamco{tbchutanodaedwithhtge'

sale foundry ‘activities {t is a common sight

to sec pedestal fans or air cooling ducts di.

rected in'such 8 manner ‘as to creste croes
drafts ‘which. {nterfere with the eficlent re.
moval of the idust disperslon. Better discre.
tion in the placement of these fans or ducts
will go far ln ‘reducing’ dust concentrations
in the areas where tbcy are used.

After the “has been corrected, It is
advisable that{a survey of the foundry be
made by an industrial hygienist so that an
accurate - cvaluhtion .of tbc cxposurc mzy -be
obtained. ';

Respiratory % *Prolcdwe Devices — As - has
been stated, the .
of dust and fume and other materials may
be reduced to ‘a safe level by adequate ex-

haust ventilation. In some cses it s possible
lo - cotrect - the: condition by substituting a
lcntoudcmna'hl.lftbocmmmmaot
pracﬁal respinatory protective devices may
be used. They, may ‘abo prove valuable in
giving pro(ccum during-an emergency or to .
pmvndc protection for intermittent cxposurt.s

heric' concentration .

" Experience hu shown that freqquently pro-
tective devices have been issued which do not
provide adcquatc protection. Upon Inquiry

_information was gr:ncrally offered that the

safety engineer was ot oo, well informed as
to what should have been

The 11, S. Bureau of Mines at ‘thelr experi-
mentg tt fon in Pittsburgh tests eqnlpmcnt
of th and studies the protection

fered to the wearer. If theO&ic
tory. in performance, issue
number to the manufactu
on the device as well a1 the
which it Is received from the manufacturen.
The approval granted by the Buresu albwo
stipulatex that type of materials for which
it {s approved.

It has beoome general practice in the Gcld
of industzial hygienc to recommend the wse

-
»

o

——

/ . of only those respirators which have been ap-

proved by the Burexu. Safety . engincers
should likewise insist -that such devices be
procured ‘and acquaint themselves with the
type of. protection afforded by cach device
and thereby provide adequate control for the
individual ~wrearing the equipment. Some en- .
gineers prefer to stock only that type of reas-

' 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 toxidty. The advan-
tage of such a procedure has merit as it re-

.doces the types of devics needed in stock
-andh‘kcwucimmthemmdcviccﬁur
'tbcmomsatomcrpomtu. B

T, Ma’inlCleanlng
BymOMASMOONEY o

Mold.Fac Industril, Hygleno Laborataries

Tlmwmp!acﬁnhb!ngofmhbydcc-

'.'5. Ganingwlthaddso&mnfcrmdton
'”6.‘ Meal dcpodtiouordcdmphﬂng

e Bnmngtbcdcpodu.

B I.aa{ua{ngtbeﬁnhhedpmdua
-Iixa!n:ﬂv’cdaning.nndorttedxhotls

P

)

used - nndcrp' potential health
harards in this type of deaning are exposure
to dust of a high™free silica. (S10,) ‘content
amcdbythcandand.xhommmcdur
where T metals ‘aipable: o produdng *toxic
dusts are deaned by shot and sand blasting;.
Stcdxbotbhsﬁngh:mudﬂmmcbulﬂb
harard than sand blasting? comequently, steed

.shot abrasive dclningmctbod: :bonld ‘be

usedwbampodb!c.
- The ' maximum ; lnowlb!c conccntntiom
M.AC) forhccdﬂqmﬂnmmlonptrti-
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mzdxa.bdoxctbcpcul is phtodorp:unt-

pml_hmxd:wbahhmmeul.
‘the

- the area. All workcrs mvolvcd in mcul fin-

'ishing where lead is used and ground’ with
power tools-should be. required to wear a
metal respirator approved by the U.S.
Burcau’of Mines for lead dust, if the con-
centration of lead in the air is 1.5 milligrams
per. ten cubic ‘mncters of air as determined '
by test. The writer knows of no lead harard

.introduced when finishing lead surfaces by
‘hand filing.
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Contml of Solvont Expoaums
" By E. C. BARNES

Industrial Hygmno Enginoax
Weetinghome Electric Corpomtion

mtczm":olvmt a:mcdinindtmry.

lyuxlmay include such’liquids as vwnater or
acids;: Although there are many: interesting
facors involved in the proper control of all
types of solvents, perhaps the grestest

cern s attached to the organic wlmt(m
this dlscumion will be limited to_ that group
of rolvents referred to as “organic
solvents.” ‘Most. of these solvents are par-
chazed 't6 perform 2 ‘specific function and

they* a.te later thrown away, usually in the

E

npor For cxample, 2 vamish may

P upmcmiu anom:n.Ot per-
haps it h.dairpd to wash grease from soae
metal parts. The parts may be wet with the
solvent untl: the grease, is removed and they
are theny allowed to & '

eralize . and! say
for

‘express purpose of creating solvent

vapors.” These. vapors “create hazards which.

mut’ be”conerolled.
-There are’ about", 200 - different organic

:olvchuavaﬂablc[ndmmorunkmqmoﬂ
utia.'l‘bccaolvcnuucmpphedwindwuy'

both _2s.2 . spedific . chemiaal -
ahoﬁamimneofoocormonottboc
cbcmial q:mpwnds.'l'bomndsofthoc

We'an almost gen-

mixtures are supplied to industry. In addi-
tion to this group of liquids which is avail-

. able to industry "in large quantities, there
.are several thousand others which are avail.

able in quantlt
Out of the':
volved, tbC\(oo

e3 of a few quarts or gallons.
iny millions bl gallons in-
zanic solvenis which are

. available in large quantities present the

graatest’ problem of control.. At the mame
time, this group- of solvents has been . used
and studied suffidently, so that reasonably
good techniaal information and metbods of

. control _are available,” Manyof the sevenl

thousand organic solvents used in small quan-

_ tities dre not s0-well known and adequate

technial information may not always be
available. They thus present a more diffi-
cult problem in ‘coatrol. -
In addition to these rolvents which afe™
now available, therg are probably at least

a doecn new organic solvents made avallable

in large quantities cach , and hundreds
of new salvents are made available in limifed:
quantities:-A continual check on pew-mate-
rhhmdncwpmhmcrdat:dvh
able to be certain that the us& of new solv-
cnts will be adequately controlled.

When we speak ot controlling ‘solvent ex-
posures, we' -mut’ iacdudé all the
hazards assodated’ withi- the ° wse of the solv.

: ent. We must-indude such - dements as. fire,

explosion, and bealth’harard. ' When speaking
of coutrol, we:may:eel ‘the” dexirability of




.-

18 35th Nation;zl‘fa.fety\Congress 1947

L]

cstablishing some kind of an automatic oon-'.

trol which would shut off or reduce the ex-
posure before hazardous conditions are creat-
ed. It would be nice if we had a thermostat
or regulator that would automatically. tum
off the exposure before any harard was
created.

Automatic controls should obviously be
applied wherever they are practiaal. For ex-
ample, combustible gas alarms may be used
to control the explosion hazard in an oven
being used to volatilize solvents. Automatic
relcases may be installed to actuate fire fight-

- ing equipment the moment a fire starts. Un- |

fortunately, we do not have such a gadget
which can be attached to one of the work-
ers to indiate when he is over-cxposed.
. Other mcthods of controlling the human

cxposurcs must be utilized, and these will -

_ be: discussed later. Essentially, control of
. solvent exposures must be based on preven-
tion of hazrardous exposures. In order to pre-
vent these exposures, certain techniaal in-
formation must be available. Equipment and

processes must be properly designed. Fimally,

.quantitative measurements must be made to
cstablish the extent of the exposure, Perhape
we should consider these three clements more
arcfully.

Before g‘ivmg much consideration to (hc

design of 2 picoe of pmc::xmg cqmpt_ncntora
" manufacturing operation involving organic
solvents, a considerable amount of techniaal
information must be available, Such clemen-

but not least, the Maximum Allowable Con.
centration and skin irritation propertics must
be known.

The bolling point of a liquid is of- Interest
beause it indicates the temperature at which
large quantities of vapor will be given off at

ordinary atmospheric pressure. It also serves -
as 2 guide In estimating the volatility of 2

solvent.

The vapor prcmre of thc llquld at room
temperature, and also at any processing tem-
perature, is of importance beaause it indi-
" cates the poesible concentrations. of solvent

vapor that might be present under varying

conditions, When' - the. vapor pressure. - is
" known, the maximum vapor concen

that will be present under :atunwd oondx :

tions -can bg alalated. - .
The vapor- density is signiﬁcant unoc it

indicates whether the vapor it lighter or
heavier- than air, and in cses where highly
concentrated vapors: may esape- from en-

* closures, it will be known -whether these

vapors will tend to flow downward.or up-
ward through 'the air. You will note that 1
said “concentrated vapors.™ J should like to
emphasize this because there is qu\icmly a
mmmdasundmg in connection ‘with the in-
terpretation of the flow of vapors of varying
densities. If there ‘are only a few hundred
parts per million of vapor in air, this mix-
ture will not tend to flow upward or down-
ward through the air when it is released, but
will rather -be arried along with Whatever
air currents may be present at the point

. where {t is released. You are all familiar with

the lugh school chemistry experiment of
pouring. arbon dioxide from one beaker into
another beaker coataining a buming andle
and the ‘resultant extinguishment of the
flame on the candle. If the carbon dioxide
in the first beaker were diluted to 2 concen-
tratién of only a few hundred parts per;mil-

‘lion of carbon dioxide in air. it woald Dot

pour from-the first beaker into the second
but would be-armried away with any air cur-
reres and npidly diffused in the surrounding

air.. Thus, any mtcrprmmn placed upon

vapor density must take into consideration
only vapors which have not been dilut-
od apprcuzbty with air or other gases.

It is ccrwnly dasirable to know whether

. a solvent is lammable or non-fammable. If
tary data as the boiling po{nt, vapor pres- .

" sure, vapor density, fimmability, flash point, -
explosive limits, corrosive action,. and .last:

the solvent iy non-fimmable, no spedil con-
sideration need be given to the possibility of
an cxplodmlortbcdmgcrolfﬁxc.!tthc
solverit . is“Bammable, howerer, con-

,sldmdon must be given to Iti we o0 that

thepoulbﬂltyofmnnmouowu{ﬁmotcx-
plosion may. not ocrur. Even though ‘condi-
tions may be established for usc ol the solv-
ent which minimize the fire or explosion haz-
ard, it is essential‘that a suitable type of
fire fighting equipment be made available in
casc some accldent should occur which wotld
cuse the solvent to "burn, Fire
ui tofa suitable for the

fglmmm wtype d be sclected. Ammlngm.
that the proper fire fighting. equipment bas
been provided, it then becomes neccssary.:to
train .a_sufficient number-of. persons in. lu,

thatwcamdcaungwuhanim
mablcoolvmt.!uﬂnhpo(mmmtbcknown
wpropcﬂy cva]mte the means: of proteaioo
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"'\ich is- reqmmd. The fash point of a flam-

sle liquid is the lowest. liquid. temperature
at which enough vapors are given off to form
2 flammable mixture of vapor in air imme-
diately above the liquid surface. If the liquid
is above the flash point témperature, 2 small

fame will ignite vapors from the liquid and

they will continue to burn. Below this tem-
perature, a small flame passed over the sur-
face of the liquid will not ignite the vapors.

Where a solvent is comumly maintained at
a temperature bdow its flash point, there is
not  much chance of it being- ignited by
sparb or small flame. If, however, the solvent
is at a temperature higher than its flash
point, any small spark or flame ncar the sur-
face of the hquld will ignite it and the liquid
will bum with inareasing intensity. Thus, we
sce that a solvent whose flash point is above
room temperature an be used without much
danger of fire or explosion wherever the
wlvent remains  at room temperature. If,
however, its ﬂnhpomtsstklowmomtcm-
perature, are must bé\taken to avoid ignit-

*x~it. Care must also_be taken to avoid the .

mtation of cxp!osl\'c mixtures where the
nath "point is less than room temperature.
In generdl; it an be said that when liquids
ar¢ maintained at temperatures above their
flash point, it is pomblc that explosive mix-
tures.of the vapor in air will be formed. ¢

The lower explosive limit of 2 gas or vapor
is that concentration-of vapor in air, below
which an explotion annot occur even though
amo{ignidonkpmmt.!fmam

operating an oven ‘under ‘conditiéns where
ve concentrations of solvents are pres- -

ent, ‘then ft xcqulru only a spark or small
flame to cause'a shattering explosion. Since
it fs dificult’ to be certain that no spark or
flame will be proient, it scems reasonable
that we should always operate this type of
cqulpmcnt in such'a way that the solvent
vapors will always. be well below the lower
explotive limit. Then we can be sure that if
a spark oc flame occurs, there will be no pos-
sibility of an explosion. We have felt that it
is. detirable to maintain’ a four to one safety
factor o, such exposures, and thercfore we
it the _vapor _concentrations in ovens or

nmilar;: pieces s of - processing . .equipment. to
-mpcmtm.oflhclowrrcxploaive limit. When
new ! eqnipmcnt is ¢ "being " designed, . the
amount : of solvent to ‘be released aan
'_umally..be ‘alculated. and . from . this the
‘amount :of ‘exhaust -:ventilation can be -

Thoalal DT

tablished, using the four to one safety factor.
After installation of q:?qmpmcnt, actual
measurements are madé. ro be certain that
the dasign conditions have been met. '
In gcnml. the corrosive action of organic
solvents is not very. great. However, this fac-
tor must be known so that suitable piping

.and processing equipment Gn be provided

We an thus be assured that a corroded pipe

or piece of equipment will not fail and pro-
duce hazardous conditions. '

.. The Maximum Allowable Concentration

and skin irritation properties of a solvent are
part of the technial information which

-must be available if we are-to satisfactorily

ocontrol exposures. ‘We do not find . these
properties listed in the handbooks the same
as boiling point, vapor pressure, flash point,
ctc. They are just as important, bhowever,
andmustbcfunﬁshcdasapano(mctech-
nial information which must -be- in - the
hands of peoplc who are dcvdopmg, design-
ing and operating proccssmg equipment or .
manufacturing opcrations involving organic
solvents. The Maximum Allowable Concen-
tration for different solvent vapors varies
over a2 wide range—from a few parts; per
millicn to thousands of parts per million.
It is obvious that a piece of processing equip-
ment involving the use of a highly toxic
solvent would be designed quite differently
than one using a solvent of low toxidty.
The need for providing engineers and su-

'pcrvuon with all essential technical, infor-

mation- regarding ‘solvents ha¥ been cmpha-
sized. Perhape it should be re-emphasired.
All this information may be very helpful and
useful {f it is in the.files of the safety en-.
gineer Or the industrial hygiene engincer.

However, to be most useful, it ‘must be in
the hands of thote persons who are actually
developing, designing: or operating’ the proc-
ases which use these solvents. We have used
several methods of supplying such lnfoma

tion, which I will dcscribe briefly.

'All materials used in our plants are as-
signed 2 material number. For each: material
2 4 x 6 card is written by our Headquarters
Engineering t. On each card tbcy
list the (ollowing Informadon—

- Material Number

' Material Name . . .

. Caution _ (A brief statement. of prtautiom
to be observed in using this material) .

For Use By (Namec of plant) °

. Furnished By (Name of. ;upplicr)
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Order From Supplier As (&lppllcr‘l dcdg-
nation or atalog number)

Chanaderisdas (A brief statement of the

propertics or engincering characteristia of
the material).

Appliation (A bricf statement of where
the material is used and its genenal appliaa-
tion).

Spedfy As (How to specify the material
on drawings or other written domments).
You will note that the third item on this
material ard b “aotion” Before lmuing
any of these material ards, the Engioncering
Department consults the Industrial Hygiene
[aboratory and they are fumished with a
brief statement of the precautions that should
be used for this spedfic material. These are
brief statements such 23 “do not breathe va-
pors of this material,” or “avoid contact of
this material with the skin.™ This system has
two ‘advantago—first, it provides the Indus-
trial Hygiene Laboratory with information
about all new or changed materials that are
uscd in the plants; second, 2 suitable waming

.as to any harards an be given. These ma-

>

terial ‘ards are distributed to purchasing
agents, materials and process enginecrs, de-
vclopment laboratories, design and engineer-
ing departments and all other pervons having
a definite need for information about mate-
rlals.

Another method that is used for pmid.ing'

good technial information to the
pecrsons {n the organination fs the data which
are furnished with our Process Spedfications.
Any proomss operation used at' any plant is
bed on a: process spedfiation. Each
process - spedfiation: is asigned a spedfic
number, and in general it an be sid that
cach of these procens sped
in detail any methods to be

one proces spedification may desaibe fn de-
mldxcmcthodwbcmedﬁorimhﬁng
armature coils, and another may the
details of the method of molding resins.

Before issuing or revising any of these
process specifications, our Headquarters En-
gineering Department sends a copy to our
Industrial Hyglene Laboratory for a
It is checked to be- certain that . wherever
hazardous materials are used, 2 suitable warns

ing regarding the hazards has been included. -

For a number of years we incduded certain

. techpial information such a Maximum' Al-

tawahle Concentration, flash -point, ‘explosive

- to suit the
.volved. If he is dealing with 'a solvent which.

daaibes -
ia prepar- -
ing a specific item or product, ¥ér example, -
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limits, etc.’ in- each spedﬂcatiom )&orexts
cently; we are. making refarence in the ‘sped-
fications o a Safe Practice Data Shect. These
Safe Practice Data. Sheets are provided. along.

with the process spedfications 0 ‘that. 'when
a person -has a proces. 1 be also
has 2 safe dati sheet, The Safe Prac-

‘tict Data Shects list thé following informa-

tion about cach, matcthl that may lnmlvc

any harard--

Containers and Storage
Properties ,
Fire
Explosion
Breathing
Swallowing
Skin Trritation :
Persoml Protcc!lvc Eqmpmcm
Precautions
Fint A '
We feel that this provides fundamental tech-
nial information to all persons who are in-

votmdintbedcsign.dcvdopmmtoropa:
tiono(ptooaingcqoipmcnt. :
We have made a.number of references to
the “engincering dasign™ of cquipment or
rocemcs - fnvolving . the use of organic solv-
enty. With complete technical information
available, the designer of the equipment is
in a good position to take advantage of any
special dharacteristics which a material may
have. He cin utilize equipment and methods
needs ‘of the polvent in-

has a relatively Jow vapor pressure and also
a. low order of toxidty, such “as kerotene,
thcn:unybcmnccdformuﬂycndowd.

. equipment. If the solvent 'his a ‘rélatively

high vapor’ prasurg and- 2 high order of
wxioty.mdxuatbondkulﬁdc.tbeddgno
er will recognize that totally endoced equip-
ment s exential, and in addition, local ‘ex--
haust ventilation will be required ‘wherever
vapors might esape. In the scoond ase, a
considerable. expenditure ‘of money will'be
nemryﬁorthhqpeo{qnipnmt.- 3
Itbmtpridngmcnnmba'o(nohcntcx-
posura that an be climinated by proper
daign ‘of equipment ‘or ‘shop : layout.,.Of
course, If we. jnberit a-plece of equipment,
or -manufacturing : methods ‘have not_been
originally.set up to;climinate;the solvent’ ex-
posures,  some means - of protection  against
the “must be dévised.: Such methods

._as: the! :installation - oL -exhaust: ‘ ventilating
equipmérit, the usé o Tespirators, or the" ap-




lladon of hand aunn‘my—be indicated.
metimes these methods: of on may
be matisfactory. In ‘generzl, however, they
mqn!xe:nabnormlamountofmpcrvixion
Wbamoolvmummcd.itmmm

dﬂﬂntmcqmduﬁvcmmmu be-

made to establish:the extent of the exposure.
We may have good technical information and
good- engineering design, but we are never
cuulnthatwchamamincddurgmlm
controlling the solvent exposure unles the
actual exposure -hzs been
The fire hazard can be determined by
inspection. - 1f there is any possibility of an
aplosion harard, the measurement of vapor
concentration by use-of one of the readily
avnailable’ combustible gas indiators will de-
termine accurately whether satisfactory con-
trol his been established. - -
Unfortunately, it is a little more dificult
to determine the exposure of a person. There
are two basic: methods of determining the

llou;ln the  future. ' We bave found. it very
helpful .in controlling 'benzol exposures to
determine the-sulfate ratios in' the urine at
<eriodic: {ntervals, ‘Whenever these determin.
tons indicate an excessive exposure, an in.
vestigation fs

wcormlvemmra.
’nbbuldllkctocnphnimthxtﬁmarc

mctbod: ot dctu'mlnlng cxpmurc and should
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measured.

'bdomthcrexsa

made to determine
why, such exposure'- exists.-and:to lmzlgate,‘
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bcmedasmch.'rhcym:ymtbcrclated in
any way to any harmful effect of the solvent.

The second gt:ncnl inethod of determining -

.an exposure of an employee to a solvent va-
por is by a periodic physical examination.
This method depends’ upon making .some
. specific determination which will give an in-
dication of carly effects of the solvent in the
body. For example, blood counts, when
properly performed, can be used to indicate
_any arly cffects from exposure to a2 num-
ber of solvents, such as benzol. Other lab-

oratory tests may be made, depending on the -

type of injury reaction that may occur in the
body from a spedfic solvent. - If we depend
upon - physical examinations to- determine

cxposure to solvent vapors, they.obviously

must be -done at rather’ fmqucm intervals,
and the physial examination pmgnm must
continue indcfinitely,

I should like to emphasize ‘the difference
between these two general methods of con-
trol. By making measurements which indicate

the exact extent of any. indxnduzl person’s ‘

exposure, we are arrying out a. procedure

which gives an indication -of over-exposure

nm for a harmful re-
the) employee. When we
cal caminations to

action lO ‘ocqur in.

depend solely u Qg

dctermine tbese exposures, it is possible to

get an indication of over-exposure after
some physiologial change has taken place jn
the body. Tbcdcsxrabihtyofthcﬁmpmcc—
dure is obvious.’
Emd)oughwemynotmhwumm
the periodic physial examination as a means

of controlling our solvent exposures, there is

nm:ncedﬁ:r.prqpcrpmpho:xncn&m{'

periodic” physical examimations. -
placement examination an. indiatc any ab-
normalities in an employee which later might

be interpreted as the result of some solvent * -

cxposxm:. Likewise, certain  physiologial
ngcsmyukephceinmcmployccdur»
ofcmptoymcnt.cvmthough
lhcretnsbecnm

! desirable to detect these unrelated . changes
‘nnd make them known to the employee 3o

To summarize. bricfly, there are & wide
variety ol organic solvents uwsed: in’ industry
in relatively large qaantma. From theee sol-
wvents & tremendous quantity ol solvent yapors
“are :liberated. To oontrol cxpoum: to’ these

N

[

- exposure. It.is

. that proper treatment can be Instituted and -
the employee. will not have a-feeling that
perhaps his solvent exposure ‘was a factor.

~




