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REéCRT OF AN INVESTIGATION OF OCCUPATIONAL LEAD EXPOSURE

From the Kettering Leboratory of Applied Physiclogy,
‘University of Cincinnati, Cincinnati, Ohlo.

“artigglata Leag Content of T™uat Deposits and Alr in Sarass

Sonsolidated Telagranh and Electric ﬁOﬂ‘f‘

Surpose of gt

The purpose of this study 1s to determine the extent
of the lead exposure hazard during a typlecel day in the garage
of the Consolidated Telegraph and Electrlc Subway Company, as
renresented by the lead contained Iin the alr as dust or fumss
which would be bhreathed by workmen in the surs:e. A sosolal
effort is ﬁade to deterulne the exposuvre In and near the sbtock
room where some cases of lead »olsconing huve been fegorted.

ceseripeion of the hHullalin:

The parsge ls a single stery bulldling occupying a
gvace anproximately 200 ft. daep Ly 150 {t. wide., LAishit is
admitted through windows at front and bsck and through Tifteen
akylights conveniently plaiced in the roof of the bvullding.
#nter ventilation 1s practlcally limited to iafiltration
through cracks and walla and natural venting of warm alr from
the top of the room through small vent orachks wﬁidh are always
open in the sikylipghts. At times when the palnt shop 13 in
operation a large amount of air ies exhasusted tbhrouyh 1t by
means of the exhaﬁat fans in the paint spray hoods.

The paint ghop ia against the north wall of the
sullding and 18 Joined on the south slde by the stock room
and on Lhe weat Ly tiues machiine shop. These tirce rooms with

the repalir shop occupy & space S0 £, wide by 110 ft. long
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across the back of the building, ‘The remaining floor opace
is occupled by the garage 15 which trucké and other %achinery
sre siored over night and by e locker room 15 £8. by 60 ft,
Two garage doors are at thes front of the bullding, one for
entrance and ons for exit, iIinside the entrance door & gasoline
pump 18 located at which all trucks are fueled as they enter
the zarage in the avening,
carpling orocadure

Tao types of dust samples wers taten, Scranims of
settled dust were collected from various places zbout the
oullding shich way bg axpeocted o ghow some indleztion of th
avers; @ lecad content of aitmospherie dusts over a conplderable
neriod of time previous to the aampli‘g.ﬁ “hegse smwples were
returnsd to the laboratory and analysed for percent lead and
sre given aceordingly in the btabulated resulds (Appendix Hl.

Samples of the dust in the air were ~bitained Ly
means of celectrostatic precipitation using the Hime Safety
Appliancets eolectrostatic dust sanmpler. The dust #aa collocted
in aluminum tubes and alter return to the laboratery were
washed out In riple dlstilled waeter for analysia; "pom the
analysis the lead content of the alr was ecalculated in 21111
sram8 per 10 oublc meters and s glven secordingly iIn the
rapulated resulis {(Appendizx A).

Locationsg of sarpling points were determined =y a
careful atudy of the Imllding with a view toward locating
she possible souwrces of lead, #Also spot samples woere iaken

all over the hullding to determine the polnt of maxlmun lead
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soncentration and thus to 1solate the hazardous places. it
two places a neries of samples wers taken over a perlod of
several hours %o &etsnm&na the time variation of lesd concenw
tration in the air,

Simultaneously with operation of the slectrostatlc
Sust guopler oLscrvallons of concentratisn of cartron monoxide
In the alr were made and recorded for zall samples., This was

axatected Lo jgive an Indication of the extent of pollution of

e

rhie carage alr by exheust gages from engines running in the
SArase.
desulbs

Tabulated reosulis from analyals of samples taken LYy
the avdove procedurs may be found appenﬁeg to this report. By
exzmination of these dats certain significant fucts are
iiseovered and are liszted as follows:

1. Aﬁ‘anly one time during the day did the carbon
monoxide concentration reach a significant fljure. iuring the
time of the norning when trucit enplnes were beling operated in
the par&ge a conecentration of 0.044 CO in ailr was noted,

de ibie hilghiust concentration of lead in the Larase
air wsas Toung abt Ti%0 s,me That concentration was 1.10 millisruma
of lead per 10 cublic meters afyairi

3o ZIrmediately after all operating trucks had been
renoved from the building, the lesd in the air dropped
sharply in concentration.

4., BSamples taken on different days at the sune

hour of the day show the concentration of lead in the air %o
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be 0.31 millisrams per 10 cuble wstors of alr in the &arag§
Just outside the sbtock-room door and 0,06 milli; rams per

10 cubic neters of alr in the garage near the gasol&ne.pugpa

i

S. Anslysis of dust deposits for lead show 1.59x
percent lcad by welght in dust settled on stocke-room cabinets
next fo the nsint-shop well as compared with 0,80 parceﬁt on .
the cadinet one sisle away from the wall and 0.L6 percent two
aisles away from the wall.

ve The highest concentration of lead found in dust
depoalitx was 707 percent by weizht 1n the dust scraned from
sutside ius _lass in the palutestop skylighte Thils s
gomparavis with 2402 percent found In aliilar scerapings from

ha ghookeromm ekylisght, Oiher dust deposits such as garage

it

%

floor sweeninge, dust collected Urom machines in the machine
shop and from the cahineis nesr the battery stand ranged
between U.11 and 0.5% percent lead content.

Miscuasior of resultls

“pem the above statemsnﬁ of results it 1s goasibln
to draw rezgonadly deofinite conclusions regarding relative
exposurss %o inhalation of lead puarticles and fumes in the
garage »f the Jonnolidated Yelegraph and Flectrle lubway
Company.

1. e tims of maxlmam lead exposurs scours ab
the time when thera ip the maximm of sctiviity in the garagslﬂ
and 1is siaultaneous with the maximum € osure to carbon
monoxlds ase At the time of thils study the tlwe of maximum

sotivity was between T:30 snd G130 mem, while trucks were
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:g'wafming up in the garagze preperatory to lesving. kt this

:‘tiﬁe the sources of dust in the air were the engine exhauats

and dust stirred from the gerage flcor by moilon of the
machines and men #ihhin the dullding. Iust from both of

these scurces are known to contain small amounts of lead.

2e Tha‘plaae of maximum load sxposure by reference

to analysis of both smusponded mmd settled dusts 1s centered
near the paint shop.- Qarticgiarly, analyéia of dust deposits
give very definite fndlcation of the paint shop as the center
of meximum lead concentration., This sonclusion is appsrently
contradicted by the conolusion that the time of eaximum
concentration oscurs at a time of maxisum activity in ancther
pert of the garage, Ihls apparent diserepancy may hé accounted
for by the ract that all particulate lead emitted by the exbaust
of enzines 1a of so smell & sige ma to romain almost indefinitely
suspended In the s&ir &nd be carrlad ocut of the zarage by
exhausted alyr in the same manner as a gas would be. Thus the
portion of atmoapheric 1aad.ﬁu§t attributable o sngine exhausts
would not form an:appreoiable part of the lsad contained in
dust deposited in the garage.
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The Lead Content of the Blood and Urine of Two Employees
In Garage ol Lonsolidated Telegraph and Electric
Company - Hew York City

Purpose of the observations.

Study of the lead content of air samples as
described in another section of this repoft relates to
conditiona in the garage during the short period of the
observations, whlle analytical data on dust samples from
floors and other surfaces where deposition occurred, al-
though concerned with longer periods of time, are always
questicnable in their hyglenlc significance, by virtue
of the fact that some br all of the lead in such dusts
can be derived from sources which are in no wise hazardous
to workmen. For example, large particles of lead-contain-
ing materialkfall out of the alr rapidly, cannot be
inhaled and therefors are of relatively little importance.

For the reasons above, and for others as well,
the degree of lead absorption of workmen who have been
exposed regularly to the conditions which are under examl-
nation, constitute the best possible measuﬁe of the
magni tude and signiflcance of that exposure over any
prolonged period of time. In this case there was a speclal
point in favor of examinatlion of workmen, in that two cases
of alleged lead poisoning had developed out of exposures
that had occurred some months previously. 7The test of

those exposures could be made only in terms of other
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workmen who had been employed during that period and who
presumably had been subject to the same occupatlonal
conditions. {(The experimental and factual background
for these statements has been glven elsewhere and need
not be discusased here.)

Selsction of worlomen for’studx

Careful considsration was given to the employ=-
szent records of workmen, and although more oxtensive
cbsservations might have been made with profit, it was
decided for variocus reasons to select two men on whon
ddterminations of the lead content of blood and urine
were to be made.

BewWe, & nlight foreman, had beeg employed in
ths garage for 1l years, and had been exposed to any lead
hazards which may have exlistad during that shift and that
pericd of time.

Asiies had been amployed aa stock-keeper for a
period longer than my othér person. Lf there had besn
any speclial conditions of lead exposure he should huve
axparienced them.

Any serlous occupéticnal exposure, zufficlent
to produce lesd levels in the blocd and urine such as had
Leon reported in the men suspected as having lead intoxi-
cation, would confldently be expected to leave scme trace
of thelir exist:nce in the two workmen L.¥. and A.i¥. who

were presumably exposed to the same occupatiocnal conditlons.
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Procadure and Results

Blood and urine sumples were taken for analysis
by physiciana of Consolidated Telegraph and Electric Com-
pany, in contalners supplied by this laboratory, and in
accordance with the following inatructions.

N3TRUCTICNS POR. THE COLIECTICY OF BLOCD PFPOR LuAD ANALYSIS

Blood samples must be taken in a space which
is free of dust. UDUosplis thils prscauticn it 1la
necessary to use the most metliculous care against
the contam naticn of samples with surface or
atmospheric dusats.

The subjact or patlient must remove any
dust laden clothing before entering the room in
which the sample 1a to bs taken, and must wash
hands and face or any othoer parts of the body
that may be dusty.

The cork should be removed i'vom the tube
in wnich the blocd 13 to be drawn only during the
withdrawal of the blood, and should not bs permitted
to come 1In contact with the table top or any other potentiale
1y unclesan surface but should be held by its toimost
part or lald down wilthin 1ts filter paper wrapping,
and replaced s so:n as the blood has besn obtalined.
The f{ilter papor cover should be repluced and secured
around the neck of the tube by means ol & rubber band.

The ste§&le needla provided in & sescond tube
should be used withdraw approxiaately 10 cc of blood
directly into the blood tube. Under no circums ances
may any anticoagulant or other substance ba added
or any intermediate container be used, nor may the-
neadle be sterilized by boiling In water. If the ~
latter szhould be rendered ncn-sterile accidentally,
1t should be flamed gently before use. Aftor use
it may bs rinsed out with cold water and returned
to the tube. Cotton should bs placed at elther
end and around the hub to prevent bLreakage in transit.

The VLlood sample should be labeled with the
name of the patient and the date and hour at which
the sample was taken, and packed with care to see
that the cork 1s secure, and that breaskage may not
occcur in transit,

The sample should be malled to Dr. llobert A.
Kshoe, fettering Labora.ory of Applied Physiology,
trAatllaces ot Yeadtieina,. CiIncinnatti. Ohic.
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INSTRUCTIONS FOR THE COLLECTION CF SPOT SAMPLES OF URINE FOR
LLAD ANaALYSLS

Urine samples must be taken in a space which
1s frea of dust.

The subjoct or patient must remove any dust
laden clothing before entering the room in which
the sample is to be tzken and must wash his hands
and {ace or any other partion of the body that may
be dusty.

Approximately 100 ec of urine should be volded
directly into the sampiae bottle in the presence of the
physician or attendant. The stopper {(and the protece
tive cover of filter paper) should be removad and
held by its tip in the hand of the attendant so that
it may not be contaminated through cocntact with desk,
table or other objeet. It zhould be restored to
the bottle a3 soon as the sample has been obtained,
after which it should Le covered with the filter
paper shisld. No preservative or other material may
be added to the sample.

The bottle should be labeled with the name of
the patlent and the date and hour at which the sample
vas tasken, and packed wlth ecars against the possi-
billity of breakage in transit,

The sample should be mailed to Dr. Hobert A.

Xehoa, Ksttering Laboratory of Applisd Physiology,
College of Hedicine, Lden Avenue, Clncinnati, Ohlo

The results of ths analyses are t{abulated below:

Concentration of Lesad in Blood and Urine

Identification Laad in Blood Leud in Urine
Mgm/100 greams Mgm/ liter
BeWe 0.045 0.045
AJ%, 0.0L5 0,08%
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Tlacussion

The lead concentration in the blocd samples -
is yuite within the range of values found In normal persons
»ith no occupational load exposurs. (Normal raigre 0.0 mgnm
o 0,05 mgm. Mean 0.03 mgm.)

ihe lead concentration in the urine samnles 1is
ilkewlise within normal limits in both instancesa. The one
s hizher than the othser but this variation in the two is
sall within the limits of variation for normal persons, and
stthin the limits of variation for tho same individual at
JdifTeront times, 1f due allowance 1s made for the smaliness
3f the sumples. The rangs of normal valuesg for spot samples
s normal individuals is from G.02 mgm to Q.11 mem per liter
#1th a mean valus of about 0.0L, but with some slight seasonal

= 3

aitlicr in the wmean, l.o. slipghtly higher in summer vhen the

[

Ty
arinary volume 1is raduced. Theectual level of urinary lsad
-xcration of these two men could vest be dstermined by repested
Sbiervations on larger samples. However, experience has shown
that the correlati:n of & blood sample with a aingle spot urine
sanple 1s generally adequate for the puricse of determining the
Jacts with respect to lead exposure, since the blocd value
varlas 11ttle from hour to hour, and thereby serves to fix the
slinif{icance of the urinary result.

It 13 apparent from these results that neither
¢ the men under examinaticn has huad any recent lead exposure

o4

rthy of consideration. In view of this fact 1t seems highly
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tzprobable thst any conditions of lead expozurs sufficlent

to cause significant lead abgorption, and capable of ine
ducing lead poisoning have exlated in the garage in guestion
wiinin & neriod of the yoar preoceding these observations.
(_xp-rizontal svidencs 4a aveiluble to indicute that the lapse
of » ur or somewhal more is reguired for the resumption of
nerasl Zovels of lead excretion after scme months of hazardous

L8 i SRo0sura.l )

Tenarei Loreiusiong

as conparsd Lo gareges in genersal, this garare

®ua ‘n cxeslient condition wlth rospect €0 cleanliness and

“hae paint-shop was equinped with spaclal vonti-~
-&7l0 davices of 2 Lyps which on inspection sesmed adeguste
N an cansral mﬁnﬁer of handlling the painting was such as
S ive no oceaslon for anxliety as to lead exposurs. Hothing
Incur vesults would indloste the existwonae of signifiocant
1o.d sxucsure fronm this source.

Coservatin indicaisd that exhauvst gases from
905r.ting sutomcblles were disposed of aatiéfautorily except
fop o

stert period during which a considercble number of cars

WO . .
°T? Warming un and geing out at once. The analyses of the

alp

-

i relfsronce to carbon monoxide snd lead, verif'y these

» Wi
“rressiong and demonstrate that the conditions in thias garagéh
ar Vv <

® VSTY sixmilar to those pravailing ir a very large nusber

Of gt :
*3tubilalments in all parts of this country and otheras.
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The prevwailing lead concentrations in the alr
of the gsrage are of a magnitude which hag not bsen asscolated
with the occurrence of evenn the milder symutoms of lead intoxe
loat fon, and can be sald to have no asigniflicance as ocoupstional
 hazards. Litecally thousands of garagoe mechonics are ex osed
dally ¢o such conditions without svidencs of clinical 2liness
and without sigms of materially inoressed le ad absorpticn.
Cur fifteen yeurs of study of thias prohlen and of search fox
oangas of simiricunt human lead absorption under conditizns
of occupaticnal isad exposure cnmpafable to theae, have fauiled
to revezl the cccurrencse of & single case of lesad intoxlcutlion
among garage mechanics and other employeas of garages. Hore-
over, our study of the lead excreticn of sﬁah workmen has glivsn
negutive resulis, in that no—evid@nca ol incraased load abe
sorpticn or exeration, comparable te that resdily found in
workmen in the hazardous lead trades, has been discovered.

The conclusion 2s justified, therefora, ﬁhab
the conditions of lend expusure exlisting Iin thls garage at
the tirme of thase coservations, and apparently for a cone
siderable period of time previously, wers not such 48 to result

in the cccurrsnca of lead polisoning emcng the men employsd therein.

Signods

Director
Rettering Laboratory of
Applied Physliology

July 13, 1940
. £2



