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Introduction and Acknowledgments,

sue developient of a motor fuel containing tetraethyl lead
raised certain guestions in industrial and public health which have
clalmed an unusuai amount of atiantion. 2ince 1924 members of the
tials laboratory aave carricd on a series of studies of tne
dazarss assoclatsd withh tae manufacture, stribution, and use of tais
tyze of zasoline. Trom time to time (1925, 19287, and 1928) reports
of taese suucdies have been made to tire IDtayl Gasoline Carporation and
tae United States Public llealth Zervice, bul tue accumulated information

nas nov been published parily because of tuae unwieldly volume of data,

(@)

gartiy Decause tize results of successive 1lnvestigations ware
essentially similar to those described by other workers, Thus
our conciusions have not differed materially from those reached

tarcuga animal experimentation by Sayers and his associates (17,

or from those arrived at by Leake and other workers of tiie United

i
ot

ates Public tHealth Service (2) through tie use of metnods genera:ly
similar to ours. Our data (to 1928) and those of 3ayers and Leake
were critically reviewed by the Hinistry of liealtn of Great Britain
as indicated in tae Final Heport of the Departmental louwnmittee on
Ttnyl Petrol (3, is:zued in 193C.

Recently, 1t nas become evident that more definite con-

e

ciusiuns are justified with regard Lo tiie lead exposure derived fron

tie use of leaded gasoline. Accordingly, in wue following pages we
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observations, made in 1929, which continue our earlier investigations.
In a second article we siall present the results of a later and more
precise metnod of measuring the lead exposure specifically due to lead
in gasoling in tae various occupfations which are cohcerned.

we wish here to acknowledge an indebtedness to our associates

for assistance in various 1items of tiae work; to V. ¥. Hachle, L. W.

Sanders, L. J. Scaradin and W. Z, Brown for their help in making the

G

iiysical exawinations; to L. W. Sanders for the study of blood films;
and wo T. J. LeElane for tiie statistical analysis of the data. Tae
expense of ials work was borne by tie Zthyl Gasoline Corporation in

accordancs witn an agreement bLetween tihe Ecard af Directors of the

1

versi

)
e

[

and officials of tias Ztayl Gascline Corporation,

ct

The Nature of the Lead Hazards.

AT an eariy stage in the use of gasoline containing tetra-
‘L lead 1U becazwme apparent tiat tae manufaczure of tetraethyl lead
and tiiz blending of the concentratsd fiuld for use in gasoline was a
nazardous occupation with unique opportunities for the rapid develop-
ment of lead intoxication. The serious dangers of these manufacturing
processes have no relation to the problem with wnich we are concernad
in tne present discussion. fiowever, the initial confusion of the actual
aazards of wanufacture with the problematical dangers arising from the
use of ine finlsned fuel, has persisted. Therefore the distinction

between tihem must be made clear.

dazards aAssociated with tae Lkianufacture of Tetraethyl Lead and Leaded
Gasoline.

Pure tetraetnyl lead is a neavy, colorless, 0ily liguid which

e

is retained with difficulty within Jjointed receptables and oine lines
‘ , Y 21p

oiubie in ot or cold water, but readily soluble in alcohol

It is ins
and acevone and miscible in all proportions with fats and oils. As

mizgiht e suspected from tue latter, 1if peneitrates tiie unbroken skin.
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Indzed skin absorption alone may resuli in the rapid production of
acute illness and death in experimental animals (4,5). From a physical
point of view, tae volatility of tetraetinyl lead is iow, but in toxi-
cological terms it is dangerously nigh, since at ordinary temperatures
air saturated witi i1ts vapor contains approximavely 5 wg. of lead per
liter. Tais concentratvion is letihal for rabbits in a few hours (4),

a fact whicih demonsirates tlhie ease with which tetraetiyl lead penetrates

)

tize pulmon

o

ry epiwnelium, Under certain conditions, notably in the

»

presence of sunlizant, tetraetnyl lead is unstable, breaking down to
yield water-soluble, crystalline triethyl lead compounds. Slight
agitation serves 10 suspend tiiese fine crystals in tihe air, wihen in a
dry state, tiaereby producing a dust hazard walch has the quality -
unigue azonz lead nazards - of providing warning of its presence, in
that a very iow conceniration of these substances induces irritation
of tae mucuus membranes witih weeplng and sneezing.

The dangers associated with the preparation and handling of
tetraethys lexd are fairly obvious, when these properties are recognized,
Unfortunately, thls information was not available wihen the manufacture
of tue product was first contemplated. It is not strange, therefore,
that wien the production of tetaethyl lead emerged from a laboratory
scale into an incipient commercial stage, cases of lead poisioning
odcurred, characterized by the sudden onset of cerebral symptoms and a
fniigh mortality.

YWithout entering into a description of the various steps by
which leaded gasoline is prepared for the mzrket, suffice it to say
that the hazards of manufacture are due mainly to tetraethyl lead.

The hygienic problem at every point consists in the prevention of skin
contact with tetraethyl lead, and in the maintenance of conditions

under witlen its vapor is not inhaled. Because of tne snarp localiza-

nevertie~

dangers, they are amenable to adequate .contirol;

-




only by continual vigilance. The extent to which lead absorption has

o~

been controlled in the manufacture of tetraethyl lead through the use
of special eguipmsnt and tarough the inauguration and operation of

suitable safaty measures las been saown elsewhere (6).

v o ~.

mazards assoclilaved wiun Utae Disvribution and Use of Gasoline Containing
Tetraethyl Lead. :

The nazards associated with the handling and use of the

finisaoed gasoline differ both in guality and gquantity from those -

=

wanica occur in 1is preparation, Notialng could demonstrate tie

difference in tie waznitude of the potential iezd exposure of ine
1wo sets of condivlons in a more pragmatic manner tiian the failure on
vae part of such gfasoline to produce a substantialed case of lead 'intos-

by =

icution up 1o tae present (MNovember, 1933) after more than 10 years of

o]

continuous use in certain parts of ithe United 3States and almost 8 years
Y
throuzinout tae entire United States. (This basis of differentiation is

Nniric:
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Nt wien cne considers that tiie hypothetical opportuni-

ties for ta

[4)]

absor?tion of lead, as a result of tne distribution of
leaded gasoline, are so varied and-so widespread as to defly regulation.’
SUub taere are otaer points of difference wiilcih did not reguire tae test
of experience for their recognition. Teétvaethyl lead is introduced into
gasoline in amounts so small that the solution lacks tuae essential
toxicalogzical properties of tetraethyl lead., Thus, whereas tetraethyl
1ead alone, or in high concentration in gasoline, is rapidly absorbed
Liarousiin tile skin, its abéorption is retarded gﬁeatly by dilution in
gasoline . Indeed we have been unable to obtafn evidence of lead
absorpiion throuzh the skin of experimental animals after their
prolonzed exposure %o concentrations of 1 part of tettaethyl lead

per 1CLGC parts of gasoline by volume (5). The dilution of tetraetiyl

[

lead witn gasoline also largely eliminates the danger of lead 1n4alat10n.A-

KE 0021824
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Tne differsnce between tne volatility of tetraetayl lead and the various

zasoiine bases with wnich 1v is mixed, i1s so greatl lhat approximately

nalf tiae gasoline way Le evavorated before lzad can be found in ine

vapor #., It follows, from zals fact, thnat tine vapors rising from tanks
containing ieaded gasoline 4o not cohnain appreciabie amounts of lead.
Zowever, tnis doss not meen taat no tetraethyl lead may be evaporated
under any of tae practical conditions of nandling and use oY spillage-
of lead-containing zasoline,

Aliiougn years of experience have not saovn the exisience
of dunger 10 Tie community in the use of gasoline containing tetraeiayl
izad, and alihougsh Tae qualities of tiae fuel, as described above, ex-
piain tals resull in a large measure tile possible lead exposure asso-
ciated wiilnh tie zeneral dissemination of such a product may not be
« =& full eppreciation of the opportunities for ex-

gosura is reguired for an understanding of tiie problem wnich they provide

Lzaded gasoiine is handied at refineries, bulk storage plants,
filiing stations, and in pgublic and private garages. It is transported

from one 10 anciasr of tilese sites in tank silps, tank cars, tank trucks,

<

barrels, and tins. In the United States and in Canada an ovarwhelming
progortion of tihis motor fuel is dispensed trough filling station pumps.,
In England o large amount of gasoline is distributed in two-gallon cans
*e flave Tound that no accumulation of lead occurs in rabbiils as tue
result of wontias of exposure for several hours daily to sucia vapors, in
experivents in wihich the gasoline vapors were sufficlently concentratvad
1o maintain the animals in a state of mild intoxication.

walco are Tilled by automatic equipment at refineries and at storage

solnts. Large numbers of persons come in contact wita tne gasoline

hose lines and
e



surfaces on wnicn the gasoline is spilled. At refinery loading racks

O
b

1ins stations and at othner points where gasoline is handled
regul:riy, %.3 repeated spillage of gasoline coentaining lead may bring

about Tu2 zccwsuistion of higher bolling petroleum fractions, and small

amounts of U

(8]

irzeviayli lead, by reason of lhelr absorpiion into wooden

plavires “r otuer surface materials such as concrete, asphalt, gravel,

cinders or eartizs Under ihese conditions some peytion of the tetraethyl

iead 1s evaporated siowly, and tiie remainder undergoes decomposition.
In sitasr case, opportuniiy for innalation of lead on the part of
persons in tae vicinity wmay be provided, waoush, no doudbit, wost of the
accusulavicns are dissipated by frecuent hosing, or by rainfall.

Unier Dr°Va1Llh. marketing conditlions, tiie decomposition of
slayl lead in ga soline is almost lnarpreclable, but over a
Zeriod of ysars, varlsble Aﬁoun*ﬂ of lead deposité may be found in the
SCa.e on a2 sides and at tiae botiom of storage tanks,. tank cars, and
Oluigr containers., Attempts to clean these containers in a dry state

ay cause tine innalavion of [irely divided dust containing triethyl

w

lead saivs. In zeneral, the pyg:eutions wiich are required to prevent
7
vie inaalation of dangerous amounts of gasoline are adeguate safeguards

against vie absorption of the lead degosits, but thls potential source

i)

of lezd absorption wmay not be ignored.
Tiie sale of the gasoline to the consumer takes 1t into the
province - of tie general public wihiere some degree of exposure to skin

contact and to vapors may occur. Of more importance, hovever, is the

apsearance of a new set of conditions based upon the cowbustion of the

-

ueli. leilraetuyl lead is converted, thereby, into finely divided
inorganic lead compounds (chierly lead bromide), waich are deposited,

in part, along tae exhaust sycstem, but wiich otherwise, are discha¥ied

KE 0021828
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nio tas atimospiere with tne exnaust gases of tine motlor., The extent of
tie accuwlation of exhaust gases Iram many autcumobiles in busy civy
streets, and especlially in poorly‘venbilated areas whnere cars operate
in considerable numbers, becomes a question of importance. Tnis aspect
of vaes watisr concerns e entire urban population, but iy develops a
ignificance in the case of garage meciaanics. Garages, in

general, are zoorsy ventilated., Few of tnem, indeed, are equipped to

(o))

maintain an adeguate dilution of exiiaust gases under the most favorable

conditions, znd wnen doors and windows are closed in cold weatier,

Pt
st

ventilazion is often negligible, For tals reason, tarousn tae winter
wlntiis, «any usecianics develiop late afternoon neadacnes from the ab-
s0orption cf carbon monoxide. Tiheir exposure to lead in tae exhaust

as 0f automoblies burning leaded gasoline is greater, tilerefore, t.an

8]

v..at of any otuer group of persons in the community. Furtner, the hand-
nZ and lae splllage of gasoline, the adjustment of carburetors, and t.e
rezair of otner parts of the car often involve sxin contact with tae
gasoline and witn lubricating oll wuich may contain minute amounts of
tetraetayl lead. Tie spillage and evaporation of gasoline may leave
benind tae iess volatile tetraetnyl lead to be slowly volatilized at
a later time, or to decompose, and by so doing to add to tiie lead dust
in tue garage. In tiue dismantliing of motors the combustion products of
tetraethyl lead iay be encountered by the mechanic, and although these
cannot be absorbed through the skin, tney way be a means of contaminating
is hands, his clothing, and his surroundinzgs. Ve must regard these
factors, as well as tue deposited lead of tile exnaust gases, as contri-
cutors to tiie accuimulations of iead dust within tne garage although tuie
amounvs of lead involved are probably not so great as those wnich
originate frowm the repalir of electrical storage batteries and tae use
of Zaints and solder in the reﬁair of autowobiles.

Cne furtaer point wust be considered in a complete analy

« KE 0021827
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of une possibiiities for general lead exposure in t.ae use of gasoline
containing lead. The deposition of leud compounds upon the nighways,
city stireets, - in sitort, upon tie surface of the earth - may conceiv-
acly influence tiie amount of lead breataed by animals and men, as well

zg Lae gquantlty ilncorpgorated in and de, osived upon vegetation emploged

ae Distridtution and 3aie of 'Leaded Gasoline in tas United States.
a2z cnaracter of tae lead hazards developed tarough the use

of leaded gasoline is based upon the methods of its distribution and

1

use. Ilazir zZeneral magnitude 1s dependent upon the extent of i.e

—— e
‘.

iine, tite volume of consuwption in a given
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ar2z, and s ;eriod of tiwe over which distribution and use have ex-
tendied, l..z:e faclors being modified to soue extent by tie variations
7 l.e lsad concentration in gasoiine, wihilch hiave occurred in various
secticon: of Tae couniry.

Gasoline containiig tetraethyl lead was distributed first

in tohe earsy wontins of 1822 in Dayton, Cnio., A few months lzter it was

cen saie in Cincinnati and in the district aboutl thiese two cities. Tience

Its use was esxteanded 10 middle western and southern United States, into

g

Y

rzas rsgprasented most satisfactorily by thne cities of Chicago, Detroit,
St. Louis, Jacksonville, atlanta, and Savannah., The gquantity of tils
Gasclines sold up to 1925 cannot be estimated accurately, but it was
liwitsd to itals general area, and there was a steady increase in thne
voluuwe of distribution during this tiwe except for a period of almost

a year beginning in lay, 1925. (At that time leaded gasoline was with-

drawn from itne market pending an investigation of the Tnited 3tates

Fublic Zealtin Service, thouuzn for various reasons its use was not
interrupyi:4-in certain areas.) The expamsion continued until tais

Ty s S s S e 31 1~ i i i s 31 3 T
“nited ug%tcs. ;uelaaxatlon of continuous distribution for tuacse areas

SN R e MR

.



Is also recorded up to tae time of tiae observations wihich are to be
Sescribed. Tihe agproximate guantitlies sold during the years for which
figures are available arzs snown in Table 2. It siiould be noted that

- .
Lil® Zen

=

W

ral areas inzo w.ich itin2 gasoline was firstv introduced méin—
tained tae largest proportional and gross consumption,.

In. Chio, wiaere tie greater part of tae early investigations were
éarried out, tae cocncentration of tetraethyl lead in gasoline up to
1925 wus mzintained at 3cc. per gallon - approximately 1 part of
"L isad in J260 parts of gasoline, by volume. In certain otier
arsas, during tils period, as little as 2 .cc. was used. Since that

5

Tiwme, =& 13ad concentration azs varied in

&

ccordance with ihe guantity
vi:@ avallable gasoline base up Lo a definite standard

of gzriforvamnce in a test engine, exeept thatl the amount introduced hes

]

not ¢nceaded 3 cec. of tetraethyl lead per gallon of gasoline. The

avzrage t2ad concénvration by years for different regilons of tne country

4 brief study of tie contents of these tables is sufficient
to sive a clear indication of tiae areas in wileh tiie greatest opportuni-
ties for iead exposure have been provided. They also yield a graphic
conecent of the proepgortions of the problem with waicih we are dealinz.

In tihe lignt of tine information furnished by previous inves-
tigation, there can be little doubt that certain of the hypothetical

nazards described above, do not exist. rirowever, we siall disrezard ticse

ey

detalls wznd deal, priwarily, wiih one guestion, nawmelv, - is the
magnitude of lead exposure arising from tiie combined nagzards of ‘iae
use of leaded gasoline such as 1o bring about appreciable lead

agsorption on tine _.art of any group of individuals in tie community?

KE 0021829
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3, Ixverimental Investigation.

&

he Selection of Ixperimental Subjects.

Groups of subjects were selected for detailed study of tae

effects of tieir occupation upon tiaeir nzalta, and upon such physiolo-
gical processss as are s;ecifically influenced by an increase in lead
absorption.

gl -

Tabia 4 shows tae nuinbers and types of subjects, together

yar ' - 3 =773 &
W1Tia La2 L0Zadill

s in wilch they were empioyed. The three groups of

woricman wic aad sxperlienced all tie types of lead exposure associated
with tie use of lesaded zasoline are represented by 56 filllnz station

o]

(8]

attendants, 3¢ tank-truck handlers of sucia gasoline, and 2Cl garage

mecaanicse

Tie filling station attendants were cihiosen witn attention to
sevaral wattzrs: men who nad been employed as subjects previously, wiio

1 = oy

nad been nzndlin: leaded gasoline for tie longest period of vime, who
nad nandled zasoline containing the highest concentrations of teira-~
etayl iszad, and wno had handled the largest amounts of leaded gasoline

daily, were especially desirable. Until llay 1925 a small mstering

1ose lines to treat gasoline with the lead mixture as required. Tihis
metiod of distribution brougnt about some degree of expusure to con-
entrated tetraethyl lead on the part of filling station employees,.
Therefors, those subjects whose employment dateé back to thils wveriod
hzve had opportunities for the absorption of lead from this source.
Tiiey were particularly favorable subjects for z@e determination of the
waxiumal lezd exposure assoclatsd with taeir occupation. It has bsen
rolnted out sreviously that in tire cities of Dayton, Cincinnati,
Savannaan, Jac

csonville and Atlanta there iiad been no interruption in

Fdtiaermore
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tae @uployament turnover of filling station attendants had been such

t22t it was not difficult to find a satisfactory groﬁp of men who had
dizcenszad lzaded gusoline since it was first marxeted fromAtneir stations.,.
Tone consuuption of leaded gasoline ias been greatest in certain central

23 reoresented by tae cities of Dayton, Cincinnati, Detroit, Chicaso
and St. Louls. In these cities individual attendants at certain well
iilings stations had nandied more leaded gasoline than had uen
siwilarey zaployed in any otaer part of tne country.

12 tank wagon nandlers were selected on tne basis of the

sevarity and lenztia of thelr exposure to ieaded gasoline. Zuenty-four

of tazw azd szrved as subjects for study in 1927. Thus a direct com-
carison of tas results obtained on the two occasions was made possible,
Tiie zZarage wechanic group was made up of 1CY persons wao aad

Lzen working on cars wialsoi used only leaded gasoline, and an additional

93 wno nzd bteen repalring cars of wiilch a hilgh percentage used such
Zasolinz. Zffort was imade t0 find all the mechanics in tae United

States wiho nad experienced prolonged exposure in garages in wiich all

tiig cars liad used leaded gasoline exclusively over a period~of several
yedars. len umsumbers of uie group had been ewmployed in a public service
caraze in Dayton, Chio, in wiich only leaded gasoline niad been used from
1223 to the time of the present investigation. Thirty-nine subjects

hzd aad frowm 3 to 6 years of daily repair work on cars in which leaded

gasoline was the exclusive fuel., The entire group was cowmposed of

sutjects wno had been employed in.continual repuair work on fleets of

Carse.

[47]
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for examination

tine waximal opporwunivy for exposure to lead arising frow tuelr
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posed of wsen waose occupation combines all the potvsntlial lead exposure
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an intensified form, together with certain
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otaer iLszad 2x.osures walch zare not retated Lo zasoline. For this reason
it was 2xpunded 1o a large ruuber a8t the expense of less exposed Lroups.
Tire barrel-fillers referred to in Table 4 are included_among
vie subjects for a sgecific reason which will appear later. The data
are avaiiatle to.rouzin & foriunate cowbination of circumsiances. Several
2:rs or Jsbservavion of persons wiiose occupatlion involved considerabie
ex.os8ure 10 gssorine aad aroused our interest in Ltz influence of pro-
ron.eld Zasoling absorvtion. Accordingly, a search was wade for a group

of subjacis waose exposure 1o gasoline was severe and uncomplicuted by

found in =z refinsry in witich large quantliles ol zascline were put into
fifvr zailon barrels for transportation. Tne bzrrels were filled in
a spe2cialiy constructed room provided wita forced ventilation., Despite

~ ¥ +

anitulde of ventilation tite cconcentration of gasoline vapor was

hign encuzhh to be iamediately disturbing to one wilo was not accustomad
1o suca vapor. In addition, the skin, clotiing and snoes of tihe
worxkmen were frequently and alwost continuously wet with gasoline.

Tne barrels were lined up in a double row along corresponding rows of
pipe lines euch of which was grovided wiih an elbow, a flexible hose

and a float valve. Zacii i10se line with its valve was inserted into a
drum, =nd tae valve was opened. Gasoline flowed in at considerable
sressure until voe level of liquid in the drum released tae valve,
taus olosing iv, Uccasionaily tihe valve refused to work procerly, at
willca tinwe a stream of gasoline rose from tie A rain and tnoroushly

lrenc.ed any workmen in its lmmedlate vicinity.

S
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Tne nuuaber of men engaged in filling and handling the drums

of zasoline was simail but tne severity of exposure was such as to give
excelilent oo ortunivy for tae detection of any effects wihichh migat

rzsult from £xsoiine absorviion, These men were carsfully examined

-

in a manner wiricii wiil be described later, and several types, of labora-

tory data wsra obtained, including tihe lead conwent of ine urine and

.
i

r

>

sces fThe Latter data were obtained because of our inverest in the

lead excoretion of osrouds of workmen witih no occupational exposure 1o
2 R i I

Shortly after these examinations nad been completed the

;_.c.

C*'

rafinery in cusstion undertvook the distribution of leaded zusoline.

W
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nes aandled in tihie manner descrived atove for ordinary

asclinz, Inasmuch as exXperiumental evidencs ing

&

fo R

icated thet e hazards

I

stsorstion frow skin contact and inn=mliation o o)
containing tetraetnyl lead were practically nezligitle
¢riainesd as to thie consequences of the additional factor of a low cun=-
¢cmmirativn of tetraetnavl lead, ievertiaeless, tnls constituted a unique
exposure. Therefore it was considsred advisable L0 obtain
information wiiich would show wihether or not tue men were gbsorbing

lead., accordingly, at the end of a period of 6 mocnths, during which

}.—l
]
&
(o7
1)}
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n
C
[ ot
W

12d been nandled daily in tae previously described

manner, utae workKisen sO

(’)

ployed were examined, and samples of thelr
excrata vwere obtzined for analysis. In this second group, made up of

Z2 wen, tasre were ten who hiad been included in the first set of ex-

ISy

winations,

Zxcept in the case of the barrel-filliers, cowmparable groups

o~ D)

of subjecis unexposed to tie potential dsuhgers of leaded gasoline, were

no1 ¢bizined

ST A

Tor s tudy. At the time of wne study there was no area

¥ vavor from gusoline

, ho Tears were en-
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of tne United States in wiilicn the selection of entirzsly unexposed
jects could te made, since itne use of leaded gusoline had ine-

arzasad s0 =3s L0 invelva all oarts of the coun

v
ct
8]

<
.

herefore it was
necessary %o rely on informaticn obtained prior to the general dis-
sasoline, for coumparative data on silwilar groups

of subjects independent of this factor. On tne other hand, since rsz-

peated obs:rvations aad been wade on the same individuzls under condi-

means [for taz disacovery of osrozressive effects of any lype.
Exseriuentai Letaods,
., ~ = At i RS s 3 o 3 ~ j Y 3 i -
Txperiuental studiss on animals and men have establisaed tuoe
existence of 3 relationsaiy beiveen tae magnitude of the lead sxposure

~

and abssrotion and tae rate of lead excretion, in taat fecal excretion
is a izasure of ingestion on the day precedins tize collection of thne
s “aile tie urinary excretion indicates the magnitude of lead ab-

sorstion (&4, 7, 3,. Nevertneless, we wished To leave no stone uniurne
r 3 s , ’

gacn subject, and 10 record suchh informaticnin an uniform manner. lor
tils reason cards for recording data were provided as reproduced in

sares 1 to 5 inclusive, and tie work was divided among four physicisns
aacii of wiowm carried out the same type of observations on eacn subject,

o far as jossible guantitvative information was obtained in tie paysical

sxamination, but witaout tire subordination of clinlcal judgment. Thus

walie 1t was racognized —iaet a statistical study of all tihe data was
[ v

Tesiesrt o alinieal dizgnostic methods as applied to individual eases

RPN S




sars rezarded as of greztar iluasortance in deterwmlning woether or nov

? R
ainv avidence of lead intoxicztion u=ad agpearsad among the subjects. As
an exawpie of tuls soint of viaw, eacn zubjsct was tested for evidences

of =.,ropay or muscular weakness by palpation and by opposing tue exainl-

group of ithe subjectl.

ner's sirensgua 10 taat of tue corresponding wuscle
zut for tue purpgoses of statistical comparison of a single neuro-muscular
agtar, tue zris was tested by a hand dynamomester. (The same instrument

Fed LATOLLa0uL Lile tests., ieasurements of e blood pressure

ated) were made with a standard manomeiric agparaius.

A fresn specimen of urine was obtalned from eac: suvject and examined

2Ll

Py

at once Tor ivs rzaction, lue presence of albumin, snd suzar. icro-

of the urine and a test for acetone were carried

CUT Sriay ez LaSiCabed 0¥ cacwlcar aibnormalities or by suzgesiive
clinical fizlinzgs. ZIrytiarocyie, leucocybte and differential leucocyte

. a3 s . , 2 e
counis wzrs quezf/routlne procedure only on the barrel-Tiller group

Siects., Cthaierwise, suchh procedures were foilowed only wien indi-

snosiic purposes. Hemoglobin determinations wvere made on
gaci suojacil by means of tne Dare nemoglobinowmeter. A single
Instrusent was ewploy-d for all observations, and all readings were
0/ Lue s«ime observer., Blood suears were made on all subjects,
and wers examined for stippling of tne erytirocytes by a standardized
wetiiod wiilcir wiil be described elsewhere by L. W. Sanders.

Samples of urine and feces were obtained from tihe sub-
Jdects for e determination of their ;lead‘content. Tiie collection of
ngse and z“e-ax alysgs were carried out according to wmewnuods wnica
we .iave Jascrived previously (9). in a few instances_no samples were
octninabie, . furtdaer swarl number of samples were 1ost in transit

and In grocess of analysis. Witk tiaese few exceptions, tuae analytical

~aenite werérobtained witnout difficulty. KE - 0021835
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4, Ixperimenital Findings.

o cuse of leud iotoxication was found awong the subjecis.
In faci, no comoinavion of simptoms and physical [indings was suggestive
of iead intoxicaiion. <uca evidences of lead abscorption as are common
amonz le-d workers were ccnspicously absent., Of special negative clini-’
cal liwportances were tae couplete absence of lead line, the lack of

ll

significant wicroscopic blood chanzes fstippling), and tiae infrsquency

of vaijue svwpioms of 111 healtn. Under taese clircumstunces any evidences

of si_nificant lead absorpiion as a consequence of exposure to leaded
Tasoring usT o2 osoulZint in the data on he excretion of lead.

Sertain of tine clinical findings and all of tie analytical
roups are presented in a series of tables wiiich represent
2 &xact wanner of wue statistlcal swudy except as otherwise noteds.

A2

LCakerous olisr cliniceal items wirlen were gubjected 1o statistical analysis,

I

gative significance, and for uiie saxe

<
(¢
(@]
s
b3
{i
%)
(@)
=
ct
i
a
o
3
jo)
[4Y]
1

Aave Ceen omitted
of Braviuvy,

Table 5 shows ine classification of the subjects according
1o tas duration of Taelr exposure to leaded gasoline., Cne-inalfl of
tse filiing station attendants and a little less than half of the
tank wagon nandlers inad been exposed for 5 years or more, wille 69

ser cent of the garage mechanics had repaired ¢ .rs which used leaded

G
fu
14

oline ovaer a period of 3 years Or mOre.
)

VWitether or not it has any bearing on phe pgroblem at issue,
tiie occurrence of previous industrial lead expoSure among tue subjecis
may not be ignored. Inforuation on tils point;obt&ined from the ococu-
satlionai nisvories is siown in Table 6. iere 1t may be seen Lnai a

large croportion of tiie subjects nad been euployed in trades wiiich

invoived soug Op

i,

portunicvy for lead absorption, prior to thelr exposure

Ch wiin mayace mecnanidéfm&ydbgﬁregarded as
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However, it

svorage battery aa

ennce of leu? intoxication among

I N il e oy T ymd o) - R " 3 '] ~
Cnz tang wagon driver and 8 Jarage mechanlics had
- - -~ + T .- 3 - | DR S | s P e
Sraviviig Li.w2 in gaZaradus lead Lradey 1n walcil L

soldering

may b asswged that

D

exnosuare in e cours

and palinting

ve not vroduced a
garage weciianics .

been euiploved at some

The2 Jigiritution of tite subjectuts according U0 age, zeen in
Table 7, 1z zignificant oniy in what 1t dewonstrates tiae incluslon of
widaiy varring age =zruups aqaong tie subjects under investigation,

n Tables 8 znd 9, the findinis as regards .aemoglobin of
Lug d stippling of tis eryilirccytes are recorded. ilo msan

valies wsre computed for tas occurrence of sii2plinz by reason of tae
niza Sroporticon of negative resulis. It may te seen from tile tables

ot no significance may be attacihied to variation in tiese watters in
relatian 4o leaded szasoline exposure, since practically all tie
findinzs ar- witiuin normal limits. However lhere is a high frequency
o Low hiewogiobin readings and of abnorwmal numbers of stiospled ery-
tarceyvtess among.the barrel-fillers exposed to ordinary gasoline. Taese
Wenl were exawminzsd in tie summer waen innalation of gasoline vapor vwas
at lvs Lzl au., Apparently, exposure to gasoline vajors amay produce
biood euaan_es, including tire appearance of stippling.

Tuz facts obbuined frowm the analysis of the excreta of ine
fudjects are presented in Tables 10, 11, and 12. 4 survey of tne tabu~

lated results shows that a few hizgh results are
LirouLil iz data,

rnat tagy - havegresulted eithier frou

Where these occur in fecal suaples it

contamination of

scattered irregularly

miay be assunmed

tie s.apie or from
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.2 ingestion of unusual amounts of lead wita food material, and taat
L.y 1zve no necessary or probable relations.ip to occupational lead
exposure. The inciusion of such findings in the ‘computation of mean
vaiues increases azppreclably the probable error of the mean, and mili-
Lztes agalnst satisfacuory comparison of tie groups of subjects. ilever-
Tieless, suca resulis aave been recorded, and have been included in tihe
caiculations uniess otherwise specifically noted in the tables. Where
a result Lias been excluded it has been far the purpose of eliminating

a finding walcn has no probable -relation to tne problem at issue. In

[¢]

s czse of tae urline samples, aberrant results are of rare occurrence,
as woulid be expected. On tae other nand, contamination of an occasional
sawpLe Juring toe process ol collection is apparently unavoidable, des-
~ize tae most careful instruction of the subjects. This is not remarkable
waen Lae uvlgulity of lead compounds is appreciated, and wiien tne lack of
andersiznding of ciaemical cleanliness on the part of the subjects is
Lid@n INTOo account.

The analytical resuiis serve Lo classify the various
groups of subjects as'distinctly outside the hazardous lead trad:s.,
XCowgare with data from certain lead trades (6)). 4t first glance,
Lie wzan values for tae lead content of thie feces of filling station

eunployees, tank wagon handlers and garage mechanics seem niigh, as

¢
G
9
%)

-

ed 1o tiiose for normal persons with no occupational lead ex-

posure. On the other inand, tnhe small group of barrel fillers who

were not exposed to ieaded zasoline, and who had no othér occupa£ional
lead exjosure at tiie time of the examination, show siu.ilarly high
findings. TFurthermore, when fhe fecal lead is expressed in quantitatively

comparable terms, (in milligrams per gram of ash), the apparently hizh

KE 0021838
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results lose thelr significance. Finally, for reasons wnicn we niave
pointed out elsewnere (3) it is impossiblie to draw exact conclusions

de of lead absorption, from the results obtained on

feces, and 1t is necessary w0 resort to tﬁe study of tue
urinary excrsiion for such information. as judged by thls standard,
tae Sroups fall into tie categoery of persons laeking oécupational
exgosure 1o lead compaunds.

A special significance is attached to the failure of the

borrei fillers to siiow any increase in their lead excreticn as a con-

segquence of tuelr 2xposure to lLeaded gasoline., Holv only do the two

"

grentiate themselves from tae point of view of lead
excretion, ctut 1t 1ls equally itrue thzat no single individual in tae

Zreuss can De differentiated. Of the 10 persons wno were examined

Y
"3

ior 10 exjgosure 1o leaded gzsoline, and again after 6 monithis exposure

zd gasoline, no person sihows an increase in hils rate of lead

-

excrzwion. Thls can be interpreted only as umeaning titat there was no
nificant iead absorption as a conseguence of Uiiis exposure. Thus, 1t
seems gulte clear, that tne inabllity of animals L0 absorb measurable

amounts of tetraetiyl lead out of gasoline in dilute solution (57,

(L sart ser 10GOG by volume or less) is shared by man.

)

5. Comparison of the Findings witn. Results Cbtained Earlier.
In view of tae importance of tihe conclusions of the above

paragrapns, indicating tiie negative character of the findings, it is

proper 1o zresent observations of a comparable character on groups
of sublects siamilar in every watter save that of exposure to leaded

gasoline. Accordinsl, Tables 13 to 18, inclusive, show results

DL

O
jOy]
bt
v
(6]

d in 1927, in a study of groups of sersons wiio had not been

0
W

%50sed to t.e conditions associated with the use of leaded gasoline.
T..2 wmadical student group is composed of wembers of a newly matricu-
lated class, Tor tiie second group, filling station atitendants and

bulk handlers of, ordinary gasoline are combined in:order to wake a
R R h B L SNSRI
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ze group for statistlicali purposes. nfortunately, no analytical
datz are available in wi:e case of *he bulk nandlers of gasoline,
scause of tasir unwillingness to srovide us with samples of taelr

excrata, and toerefore . analytical [indings relate onxv %o T1

P.-\
,.J
03]

station attendants, zs indicated in the tables. The control garage
is made up of only a small number of men carefully

selectzd in 1925 as lacking any exposure to leaded zasoline. The

rizid recuirsssats in tie labvter regard introduced considerable
diffiecuity into tus gsrobiem of obtalning cooperative subjscls.

1o excianailery comuents wre required, since tne tables
resent Tae obsarved fzcts adequately. It sihould be sointed out tiat
L2 observaticons recordeld in ticse tables were uade DY Lile saime persons
w0 2cllizclrd Loe dzla on Lae exposed subjacts oreviousiy described.
fmz ciinlctl wmeilnods emploved in e twe instances were substantially
vi® sase, wiile the analyvtical metnods were praciically identical.
abie 192 summarizes g mean vaiues for all the groups of

ex-osed 2nd unexposed persons, in sueh matiers as would seem Lo nave

speciel sizgnificance. (3ince tie frequencles of oceurrence of stippling

4o not lend tismselves 1o coumputation of e ah values, comparison of
tais iwportant Tactor must be made from thie tables of distribution.’
Comparison of the means reveals a lack of statistical differentiation
of the Zroupse. The medical students siow a significant difference in
at in rno other factor. The barreli fillers not exposed to iea :qd
<asoline saow & significantly low hemoglobin content of their blood,

w3 ;ré*i;ﬁsly'pointed oute. The mc-an lead content ger sample of feces
alsoc sinows certain statistic Ly significant variations witain Lie

Zroups, tut no actual luzortance can be avtributs’ 4o tucese differences

-
=
<
]
W
-
-
H:
\c“ {

the . variabiil in wie size of the fecal samples., "..‘hen tae
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latter factor is corr-cted by expressing the lead in the feces 1n
reiation to tie guantity of ash, the variabiiity of tie groups is
statisticaily insignificant.

R 3 E ~ stis Oc e, =S T T T .
Tae influsncs of Frevious Cccupnational Lead Txposure.

T+ has Leen ntimated thiat

n

ome significance way Dbe atiacied

L0 T.ae fact taal a considerable number of tihe subjecis nad vbe:n

exoosad > lesd coupounds in drevious occupations. Likewlise tie
qandling of le=d compounds otiaer tinan tiose assoclated withh leaded
PN P-.t ta exsscned t . ~ome influence un thie lead absoro-
fges, 1740 02 gXxoscue LO 11ave gome lnidluaence upon ule €& a S
tion o wae carzse wechanic., As a aigans of ascerialning tiae 1oport-
anza of L.e2se aaliters, tie analviical resulis derived from two small
roacas of Sarsons aoge occupational nistories Talled to give evidence
i Lrzvicas i12ad exwosure, ware suvjected 1o siudy. (Table 6 nzs
=S wo: distrizsution of tu2 subjecis as Lo grevious occuga al
Toa K E) -~ e K BT AN P Ny oy + a0t o) v-;_v_3~ "O -‘-»pl d
LeSnd 2L GEUTEe ) FECRVES U graesentys ke eun 4LUSs 1 Or ue ea
zacretion of Luzse subjecits as separate froups and in combination,

e siizghtiy lower, but ne significant

statistical differences nave resuited frowm itie excliusion of the

ead Excretion in Relation to Lengtn of ZIxposure to Leaded Gasoline.

an sxanmination into tne relationship betvween length of
service and lead exeretion, might provide a means of ascertaining
.18 significance of tiie leud exposure asscclated with tie occupatiSn
of tae garage uwecnanics. Thls was done by studying the correlation
between tiie magnitude of lead excretion and tiie period of continuous
‘D

einployuwent as mecnanics, and tien by a corressonding study of tuae

azznitade of lead cacretion in relation Lo lengtia ol exposure - in

)

<b

C

re;alring cars waich used Landed gusolins. The resulis of these

(1 3

+d correiaticns are s...own in Table 21, There is a cowplete

< of caorrelation in eltaer watter. Trom tnese

esults one uwust



conelude eltiner tiiat tne lead exposure assoclated witn the occupation

ig inaignificant, or thaat it i1s nf such irregular occurrence as Lo

Siere remains cne otner umeans of ewamining thoe allable

<

8

Z.%a in :zsareh of evidences of lead absorption from tas nd of

in

oy
3y
’_J

(N

¢
o
]
'_
o
o
w
*
w
o}
3
i
ot
=
(¢
n

ubjects studied in 1929, tiere wers 26

Tiliin: sziztion atiendants, zand 24 tank wagon nandlers wiao had been

zmsloyed as subjecus in 1927. Presumably, 1f tielr occupation con-

tained 2 z2iznificant lead azzard t.ey saculd suow some svidence of
-~ FRN A e R N T Tt e D s ~ s + 149 ~a T -~ + o

[SPNE] USRI B § L 3n D SACTeS LA Al LY o CETSe Ll IlNalnIts 10r uage uWo

@i values ars saeearized in Table 25, o statistically valid differ-

-~ T~ - 3
2n=z 13 Jdasnmsirable.

5. Swamary and Dlscussilon,

Tarese mundra2d and one nen wno nizd incurred L.ae s&versst and

[¢8)

lon_ =zt zxoosure 1o leaded gasoline and its combusilion Zroducts were

afizd as o wielr physical fitness and tuslr lead eXceretion, daring

a2 winter wontiis of 1928-30C. o clinical evidences of lesad absorption
r 2 s2ad intoxication were found in any individuai, and no indicution
> fzu7 absorption, as a consegquence ol the. exposure, was detectead

Weeni Loe subjects were compared as Lo thelr lead excretlion with corres-

-

een studied previousiy

¢

ponding zroups of unexposed persons wino nad b

~Qreover Laere was no measurable change in the lead excretion of a

N

Zroup of fifty of tuae subjects wino nad been studied in a similér

v

The lead axcrelion of a number of workumen was determined

o

Jre and after 2 & wonta seriod of intense skin exposure o leaded

Zasoline, o individual in tuae group sihowed an increased iLead excre-

KE 0021842
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2 tae period of exposure.

Tiiz Level of numan i2ad excretlon has been shown to be nizghly
sensitive to t.e maznitude of lead exposure and absorption (6,8, and
sited 1o suow an increase in thelr laad excreﬁion,
it is apparent izl 1ittle exposure to lead existsd, and “hat no sig-
lead occurred. In view of our previously pub-
iis..ed Tindings as to tue lzad absorption and esxeretion of uneXxposead
cersons (3,95, i1 wust be racognized that tie maznitude and variabiliuvy
of ie.! ifnmozanion witiy food is sulfficient to waskh a siiznt lead ab-
sorption ..ion wmy result from sxposure 1o the conditions arisinz from
=ded zgascline. I wihls nas occurred, e relative insig-

nificance of wue conutribution made by leaded gasoline to the total lead

abzorsticn 0F uile 2xperimental suabjects 1s obvious. On tn

[()

cther ihiand,
wpioyed in tne forezgoing observation siould be wodified
33 as Ty 20strol thie Tactor of individual lead ingestion on tiae part of

2xs0sed sersons, 1f tie precise magnitude of the occupaiional lead ex-

is 10 te ueasurad. Ve siall present tias resulis obtained througih

Tae uze of Tae lutter msinod of study in s subsegusnt arvicle,

In view of tiie negztive evidence obiained in tnis swudy of

~
o

jor]

persons wiose axposure 1o leaded gasoline and its combusiion products

was umagnified to a point well above tiat wilch is fossibie in tne

o

séner=. sosulation, there is no reason to fear tihe existence of d.nier
1o Tz o-unlic aeslitn frow tie distribution and use of leaded gaso:ings,
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Approximate Gross

and Comparative Consumption of hmmamg mmmowwsm w:
States
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Various
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TABLE # 3

Tetra-estuyl Lead Content of Gasoline in Various
Areas of The United States from 1926 to 1929

Tistritation sreas Avzsrase Teiraethyl Lead Con}ent in Cubic Centimevers per G
2T cnive. fualss i . i 5

P oioss 1927 | 1928 | 1929

! é ¢ -
2w zngiand ILaves )

Fennsylv nia 1.2
H
- . . )
viantic soasl i
- +

Stazte L 1.7

e
s]

O
»
Y]

cenlrai Itatas L4 1.5 2e 2 2eC
Texas ani .
Cklainoma 1.4 L7 2.0 27
Foexy iiountain : ; g
3tztz2s 1.3 2,0 : 2ed 2.4
{ ]
est Cozst .
3tatas - o7 1.5 1.5

f o
Jnit=d Statss as : « i ;
qiola 1. 4% 1. 56% 1.75 1.6

o

o
-
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