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Preface

The experimental work which is the subject of this report was carried

out by the staff of the Kettering Laboratory of Applied Physiology in the Uni-

versity of Cincinnati, Cincinnati, Chio. The expense of the work was borne by

the Ethyl Gasoline Corporation in accordance with an agreement between the Board
of Directors of the University and the officials of the Ethyl (Gasoline Corpora-
tion.

The report details the hypothetical opportunities for occupational and
general lead exposure which are assoclated with the distribution and use of
gasoline containing tetraethyl lead, and describes investigations which have
been completed since the appearance of other reports from the same sources. The
methods employed in the estimation of lead in human excreta are omitted, since
they have been described in detail in a report dated April 1928, The statisti-
cal study of the data was made by T. J. LeBlanc, Associate Professor of Pre-
ventive Medicine in the University of Cincimmati.

Attention is directed to Appendices 1 and 2, in which some special
conslderation has been given to the hygienic problems which occur in the manu-

facture of tetraethyl lead and in the preparation of Bthyl Gasoline. Appendix

3 presents further information in relation to the distribution of Ethyl Gaso-

line in the United States up to the end of 1931.
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An Appraisal of the Lead Hazards Associated with the Distribution and

Use of Gasoline Containing Tetraethyl Lesad.

by

Robert A. Kehoe, M. D.*.

1. The Nature of the Lead Hazards

The development of a motor fuel containing tetraethyl lead raised cer-
tain questions in industrial and public health which have claimed an unusual
amount of éttention. In an early stage of the new commercisl enterprise it be-
came apparent that the manufacture of tetraethyl lead and the blending of the
concentrated fluid employed in the preparation of the commodity known a&s Ethyl
Gasoline, was an hazardous occupation which furnished unique opportunities for
the rapid development of lead intoxication. The serious dangers of these manu-
facturing processes have no rélation to the problem with which we are concerned
in the present discussion. However, the 1n;tia1 confusion of the actual hazards
of manufacture with the problematical dangers arising from the use of the
finished fuel, has apparently persisted in many minds, Therefore the distinc-

tion between them must be made clear.

Hazards Associated with Manufacture of Tetraethyl Lead and Ethyl Gasoline.

Pure tetraethyl lead is s heavy, colorless, oily liguid which is
peculiarly difficult to retein within Jointed receptacles and pipe lines. It
is insoluble in hot or cold water, but readily soluble in a2lcohol and acetons
and miscible in all proportions with fats and oils. As might be suspected from
the latter property i1t penetrates the unbroken skin of animals. Indeed skin

absorption alone may result in the rapid production of acute 1llness and death

*Associate Professor of Physiology and Director of the Kettering Laboratory
of Applied Physiology in the University of Cincinnati, Cincinnati, Ohio.
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in experimental animals.l From a purely physical point of view, the volatility

of tetrasethyl lead is low, but considered in toxicologicezl terms it is dangerous-
1y high, since at ordinary temperatures air saturated with its vapor contains ap-
proximately five milligrams of lead (as Pb)} per liter. This concentration is

lethal for experimental animals (rabbits) in a few hours.l a fact which demon-

strates the ease with which tetraethyl lead penetrates the pulmonary epithelium.-
~ Under certain conditions, notab;y in the presence of sunlight, tetraethyl lead

is unstable, breaking down to yield water-soluble, crystalline triethyl lead

compounds, Slight agitation serves to suspend these fine crystals in the air,
when in & dry state, thereby producing a dust hazard which has the quality -
unique among lead-hazardq - 0f providing sharp waming of its presence, in that
a very low concentration of these substances induces irritation of the mucous

membranes with weeping and sneszing.

The dangers associated with the premaration and handling of tetraethyl
lead are fairly obvious, when these prope?tiea are recognized., Unfortunately,
this information was not available when the manufacture of the product was first
contemplated, It is not strange therefore that when the production of tetra-
ethyl lead emerged from a laboratory scale into an incipient commercial stage
requiring factory facilities, cases of lead polisoning of the most serious type
occurred, characterized by the sudden onset of cerebral symptoms and resulting
in a high mortality.

Without entering into en irrelevant description of the various stens
by which Ethyl Gasoline is prepared for the market, suffice it to say that the
bazards of the manufacturing processes are inseparably associated with the

characteristics of tetraethyl lead described above. The hygienic problem at
every point consists in the prevention of skin contact with tetraethyl lead on

the part of the workmen, and in the maintenance of conditions under which the

Ly e e e PN re TN
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vapor of tetraethyl lead is not present in the air breathed by workmen. Because
of the sharp localization of the dangers, they are amenable to exact and adequate
control; nevertheless the potential hazards are great, so that safety is meintain-

ed only by continual vigilance in the prevention of accidents and in the avoid-

ance of careless practices.*

Possible Hazards Associated with the Distribution and Use of Ethyl Gazoline.

The hazards assocliated with the handling and use of the finished pro-
duct, Ethyl Gasoline, differ both in quality and gquantity from those which lurk
in its preparation. Nothing could demonstrate the difference in the magnituds of
the potential lead exposure of the two sets of conditions in a more pragmatic
manner, than the failure on the part of Ethyl Gasoline to produce a substantiated
case of lead intoxication up to the present {November 1932) after nine and a hal?
years of its continuous use in certain parts of the United States and about
eight years for practically the entire United States. This basis of differentia-
tion is the more significant when one considers that the hypothetical opportuni-
ties for the absorption of lead, as & result of the distribution of Ethyl Gaso-
line, are so varied and 80 widespread as to defy regulation. But there are
other points of difference which have not required the teat of experience for
their recognition. Ethyl Gasoline contains tetraethyl lead in amounts so small

. that the solution haé lost the essential toxicologlcal properties of tetraethyl

b e B e ST e T T
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2 lead. Thus, whereas tetresethyl lead alone, or in high concentration in gasoline,

;. is absorbed through the skin rapidly, its absorption is retarded greatly by

L4

dilution in gasoline. 1Indsed we have been unable to obtain avidence of appre-

2,

5

é‘The results which have been obtained through attention to details in the use
fiof special equipment, and th;pugh the inauguration and operation of suitadble
é%safety measures are described in Appendices 1 and 2 of this report.
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8.

oiable lead absorption through the skin of experimental animals after their pro-
longed exposure to concentrations of one part of tetraethyl leacd per thousand
perts of gasoline, by volume.? fThe importance of this fact is twofold. Not only
does it indicate the improbability of the absorption of lead out of gasocline on
the part of persons who come in contact with Ethyl Gasoline, but it also estab-
lishes the certainty that any minute amount of lead which might be absorbed
would be unable to distribute itself in thé fatty tissues and the nervous aystem
in the manner characteristic of tetreethyl lead when absorbed at a rapid rate.?
An equaliy important effect of the dilution of tetraethyl lead with gasoline is
the elimination of the danger of inhalation of lead, to a very large extent,

The difference betweén the volatility of tetraethyl lead and the various gaso-
line bases with which it 1s mixed, is so greet that approximately half the

_ gasoiine may be evaporated before lead cen be found in the vapor.* It follows,
from this fact, that the vapors rising from tanks containing Ethyl Gasoline do
not contain éppreciable amounts of lead, However, this does not mean that no
tetraethyl lead is evaporated under sny of the practical oconditions of bandling
end use or spillage of Ethyl Gasoline.

Although years of experience have not shown the existence of danger to
the community in the use of Ethyl Gasoline, and although the qualities of the
fuel, as described above, explain this result in 2 large measure, the possible
lead exposure associated with the general dissemination of such & product may
not be dismissed lightly. A4 full appreciation‘of the opportunities for exposure
is required for an understanding of the problem which they provide for investi-

gation.

*We have found that no acoumulation of lead occurs in rabbits as the result of
months of exposure for several hours deily to such vapors, in experiments in
which the gasoline vapors were sufficiently concentrated to maintain the
animals in a state of mild intoxication with vertigo.
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Ethyl Gasoline i1s handled at refineries, bulk atorage plants, filling
stations, and in public and private garages, It is transported from one to
another of these sites in tank ships, tank cars, tank trucks, barrels, and tins,.
In the United States and in Canada an overwhelming proportion of this motor fuel
1s dispensed through £illing station pumps. In Englahd a large amount of gaso-
line is distributed in two-gallon cans which are filled by essentially auto-

matic mechines at refineries and at storage points. large numbers of persons

core in contact with Ethyl Gasoline to & greater or lesser degree through spill-
2ge, a8 an unavoidable result of the various methods of distribution. They &lso
inhale vapors from tanks, hose lines and from surfaces on which the gasoline 1is
spilled. At refinery loading racks, at filling stations and at other points
where gesoline is handled regularly, the repeated spillage of Ethyl Gasoline

r2y bring about the accumulation of higher boiling petroleum fractions, and of
sm2ll smounts of tetraethyl lead, by reason of their absorption into wooden
platforms, or other surface materials such as concrete, asphalt, gravel, cin-
ders or earth. Under these conditions some portion of the tetrasthyl lead is
svaporated slowly, and the remainder undergoes decomposition. 1In either case,
opportunity for inbalstion of lead on the part of persons in the vicinity may

be provided, though, no doubt, most 0f the accurmulations aré dissipated by
frequent hosing, or by rainfall.

' mhe sale 0f the gasoline to the consumer takes it into the province

of the general public where some degree of exposure to skin contact and to

Yapors may occur. Of much more importance, however, 1s the appearance of & new

8¢t of conditions based upon the combustion of the fuel. Tetraethyl lead is

Converteq, thereby, into finely divided inorganic lesd compounds (chiefly lead
bx‘omide), which are deposited, in part, along the exhaust system, but which,

°th9mise, are discharged into the atmosphere with the exhaust. gases of the

4 aea mem
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motor. The extent of the accumulation of exhaust gases from many automobiles in

ot 5 G BGHERE RA A AL R T e

busy oity streets, and eepecially in poorly ventilated areas where cars operate
in considerable numbers, becomes a question of considerable importance. This
agpect of the matter concerns the entire urban population, but it develops a

special signifiocsnce in the case of garage mechanics., Garagss, in general, are

voorly ventilated., PFew of them, indeed, are equipped to maintain an adequate
dilution of exhaust gases, under the most favorable conditions, snd, when doors
and wirdows are closed, in cold westher, ventilation is ofﬁen negligible. Tor
this reason, through the winter months, many mech#ﬁics develop late afternoon
headaches from the absorption of carbon monoxide. Their exposure to lezad in
the exhaust gas of automobiles burning Ethyl Gasoline is greater, therefore,
than that of any other group of persons in the commmnity. PFurther, the handling
and the spillage of gesoline, the adjustment of carburetors, and the repair of
other parts of the car often involve skin contact with Ethyl Gasoline and with
lubricating oil which may contain minute amounts of tetrzethyl lead. The spill-
age and evavoration of gasoline may leave behind the less volatile tetraethyl
lead to be slowly volatilized at & later time, or to deco-mpose, and by so doing
to add to the lead dust in the garage. In the dismantling of motors the com-
bustion products of tetraethyl lead may be encountered by the mechanic, and
8lthough these cannot be absorbed through the skin, they may be a further means
°f contaminating his hands, his clothing and his surlfoundings. We must regard
these factors, as well as the deposited lead of the exhaust gases, as contribu-
tors to the accwmilations of. lead dust within the garege although the amounts
°f lead involved are probebly not so great as those which originate from the
Tepair of electrical storage batteries and the use of paints and solder in the
Tepair of automobiles. Such lezd dusts, from all sources, may be picked up by

“Ir currents and mixzed into the air breathed by workmen.

-
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Ctne further point must be considered in a complete analysis of the
possibilities for general lesd exposure in the use of gasoline containing lead.
The deposition of lead compounds upon the highways, city streets,~ in short, upon
the surface of the earth - may conceivably influence the amount of lead breathed

by animals and men, as well as the quantity incorporated in and deposited upén

vegetation employed as food.

The Distribution and Sale of Ethyl Gasoline in the United States,.

The qualitative character of the lesd hazards derived from the use of
Ithyl Gasoline is based upon the methods of 1ts distribution and use. The general
magnitude of these hazards is dependent upon the extent of the distribution of

Ethyl Gasoline, the volume of consumption in a given area, and the period of time

over which distribution and use have extended, these factors being modified to
some extent by the variations in the lead concentration in gascline, which have
cccurred 1n various sections of the country. Accordingly a complete representa-
tion of the situation requires some attention to these details,

Ethyl Gasoline was distributed first in the early months of 1923 in
Dayton, Chio. A few months later it was on sale in Cincimmati and in the dis-
trict around Dayton and Cincinnati, Thence its use was extended to middle-
western and southerm United States, into areas represented most satisfactorily
by the cities of Chicago, Detroit, st; Louis, Jacksonville, Atlanta and Savannsh.
The quantity of Ethyl Gasoline sold up to 1926 cannot be estimeted accurately,
but it wes 1imited to this general area, and there was a steady increase in the
Volume of distributioﬁ during this time except for a period of almost a year
Yeginning in May, 1925. At this time Ethyl Gasoline wes withdrawn from the
*arket pending an investigation of the United States Public Health Service,

th"‘lgh for various reasons its use was not interrupted in certain areas in which

E - 0017343
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it first appeered on the market, - viz., in the cities of Dayton, Cincinnati,
Saevannah, Jacksonville and Atlante and their vicinities. The resumption of dis-
trivution in 1926 resulted in the rapid expansion of the area over which the
fuel was used. This expension continued until Ethyl Gasoline hsd become avail-
able in all parts of the United States. Table I demonstrates the spread in the
distribution in terms of the dates 2t which sale began in various cities of the
United States. The duration of continuous distribution for these areas is also

recorded up to the time of the observations which are to be described. The ap-~

proximate quantities of Ethyl Gasoline sold during the years for which figures
are available are shown in Table 2. (See Appendix 3 for data on the distribu-
tion of Tthyl Gasoline since 1929.) It should be noted that the general areas
into vhich Ethyl Gasoline was first introduced have maintained the largest
vroportional and gross consumption,

In the Chio territory, where the greater part of the sarly investiga-
tion was carried out, the concentration of tetraethyl lead in gasoline up to
1976 was maintained at three cubic centimeters per gzllon -~ approximately one
part of tetraethyl lead 1n thirteen hundred parts of gasoline, by volﬁme. In
Certain other areas, during this same period, as low as two cubic centimeters
was used. Since that time, the lead concentration has varied in accordance
Wwith the quantity required to bring the available gasoline base up to a defi-
tite standard of perforrance in a test engine, except that the amount intro-

duced has not exceeded three cubic centimeters of tetraethyl lead per gallon

°f grsoline. The average lesd concentration by years for different regions of

the country may be seen in Table 3.

T ¥
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A brief study of the contents of these tables ia sufficient to give
® clear indication of the areas in which the greatest opportunities for lead

*Xposure have been provided. They also yield a graphic conception of the pro-

Portions of the problem which confronts us.




TABIE 1

Period of Distribution of BEthyl Gasoline in Various American Cities

Up to October 1929

locality Date of First Interval of Years of Continuous
Distribution Discontinuance Distribution
DJayton, Onio February 1923 none 6.7
Cincinmati, Ohio April 1923 none 6.5
%heeling, ¥. Va. Summer 1923 May 1925 to 3e2
sunmer 1926
cnicago, 111, Autwmn 1923 day 1925 to 3.2
Summer 1926
Detroit, idich. Autumn 1923 May 1926 to 3.2
Sumer 1946
St. Louis, Mo. Spring 1924 May 1925 to 3.2
Swmmer 1926
: ransas City, Xo. Spring 1924 May 1925 to 3.2
; Summer 1926
dinneapolis, Minn. Spring 1924 May 1925 to 3.2
Summuer 1926
«llwauxee, Wis. Spring 1924 May 1925 to Je2
Summer 1926
3altimore, Xd. Spring 1924 Nay 1925 to . ' 3.2
- ' » Summer 1926
Viashington, D.C. Spring 1924 May 1925 to 3.2
Summer 1926
San Antonio, Texas Spring 1924 May 1925 to 3.2
. Summer 1926
Savannan, ua. Autumn  19<4 none 5.0 —
Atlanta, Gae. Autumn 1924 none 5.0
Jacksonville, rla. Autumn 1924 nene 5.0
te)
FYew Orleans, la. Summer 1926 none 3.2 SIS
7 e
Cleveland, Ohio Summer 1926 none S.2 ' o
Philadelphia, Pa. Summer 1926 none 3.2
Boston, Mass. Sumner 1926 none 3.2
Denver, Colo. Summer 1926 none 2.2
[ve)
.San Francisco, Cal. Summer 1927 none 22 :.
los Angeles, Cal. Sumner 1927 none 2.2
\\
Spokane, Wash. Sumuer 1927 none 2.2
Tulsa, Okla. Summer 1927 none 2.2
New Yorx City Autumn 1928 none 1.0
\\\
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Approximate Gross and Comparative Consumption of Ethyl Gasoline in Various Areas of the Unite
From 1926 to Octoboar of 1929
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1926 1927 1928

Distribution Millions of Percentage Millions of Percentage | Millions of | Percantage
Areas of the Gallons of of BEthyl Gallons of of Ethyl Gallons of of Ethyl
United States Bthyl Gaso- Gasoline Ethyl Gaso- Gagoline Ethyl Gaso- | Gasolins

line. to Total 1lins., to Total lire. to Total
] Gasolins. Gasoline. Gasoline.
New England
States and
New York 8.0 0.5 52.0 Je 2 91.0 4.9
Pennsylvania 5.0 0.9 X.0 4.4 756.0 9.9
Atlantic
Coast States 7.0 0.7 6.0 0.6 18.90 1.4
Onio 1.0 0.15 16.0 2.1 93.0 10.8
Kentucky,
Georgla
Florida
Mississippi 3.0 0.36 18.0 1.9 29,0 367
Alabama
Loulsians
Arkansas .
Tennsssee 0.5 0.2 0.5 0.2 8.0 2.9
Central
States 25.0 0-8 11000 363 172-0 4.9
Texas,
Oxlshoma 0.8 0.1 4.0 0.5 8.0 ,0.8
Rocky lit.
States 2.5 0.8 10.0 3.1 16,0 4¢3
West Coast .
States 000 000 30.0 2.1 2700 108
TOTAL 52.8 0.58 276.5 248 547.0 5.0
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TABLE 3

Average Tetraethyl Lead Content of Ethyl Gasocline inm various

&
H
i
{
5

i Areas of the United States from 1926 to 1529

Distribution Areas Average Tetraethyl Lead Content in Cubic Centimeters per Gal.
of United States

1926 1927 1928 1929
Kew RBngland States

and B
New York 1.4 1.1 1.2 0.9

Pennsylvania

1.2 1.0 1.2 1.65
Atlantic Coast

States 1.7 1.6 1.4 1e5

Ohio

0.9 1.2 1.1 1.5
Kentucky, Georgla
Florida, Mississippi
and Alabamsa ] 1.0 = 1.7 1.7 1.9
Louisiaﬁa, Arkansas
and Tennessee 0.9 0.6 0.9 1.3
Central States

l.4 leb 2e2 2.0
Texas
Cklahoma 1.4 1.7 2.0 2e¢7
Rocky Mountain
States 1.3 200 24 Red
West Coast
States - 0.7 1.5 1.5
Average
for Uhited S‘Gates 1.4‘ 1.6‘ 1.75 l. 62

*These figures are estimates only and mey be somewhat in error,
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2. Previous Investigations of Ethyl Gasoline in Relation to the Public Health.

It is not to be supposed that the possibilities of danger in the
general use of Ethyl Gasoline have gone unnoticed up to the present time. 0On
the contrary, numerous experimental inquiries have been carried out. Thus the
TUnited States Bureau of Minesd began an investigation of lead :apsorption from in-
helation of exhaust gas of automobiles employing Ethyl Gasoline as a fuel, in
the autumn of 1923, before the new fuel had developed more than a localized dis-
tribution. The further investigations of the Bureau of Mines were extended to
irclude other phases of the question. The United States Public FHealth service?
studied the matter in 1925, and the Ministry of Health of Great Britain® criti-
cally reviewed the previous experimental work and made further contributions
to it in 1928. BFach of the latter two govermmental agencies acted under the
guidance 51’ its own committee of experts appointed especially for that purpose.
tur observaticns, beginning in 1924, have dealt with several aspects of the
problem. Pirst In 1925, and successively In 1926 and 1927, we investigated
the lead exposure of persons engeged in the handling of Ethyl Gasoline and in
the repair of automobiles using Bthyl Gasoline as & fuel. These have been de-
¢ribed in detailed report35 to the United States Public EHealth Service, and

to the Ethyl Gasocline Corporation, whose officials sponsored the work.

3. Investigations Carried out in 1929-30,

A fourth field investigation is the subject of the paragraphs which
&re to follow. Y shall not discuss the methods or the results of the earlier
®xperimental work carried out by ourselves or others, except to point out that

R0ne of them disclosed evidence of danger either to the health of persons en-

’)r
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gaged in the handling of Ethyl Gasoline or to that of the general public. 1In
the light of the information which they have furnished, there can be 1little
doubt thet some of the hypothetical hazards which have been descrited, do not
exist. However, I shall disregard such considerations for present purposes and
shall confine myself to the presentation of observations which were made in the
eutumn end winter of 1929-30, employing cerizin items of our earlier data only
for purposes of comparison, The object of these observations was to pro;lide an

answer to one question. Is the magnitude of lead exposure erising from the com-

bined hazards of the use of Ethyl Gasoline guch as to bring about appreciable

lead absorption on the part of any group of individuals in the commnity?

Accordingly, groups of subjects have been selected for detailed study of the
gffects of their occupation upon their health, and upon such physiological pro-

cesses ag are specifically influenced by & signiflcant increzse in lead absorp=-

tion.

The Selection of Experimental Subjects,

mable 4 shows the numbers and types of subjects selected, together
¥ith the locality in vhich they were employed. The three groups of workmen who
Sxperience all the means of lead exposure associated with the use of Rthyl Gaso-
line are adequately represented by fifty-six £illing station attendants, fifty
tan_k—’cruck handlers of such gasoline, and two hundred and one garage mechanics.

The filling station attendants were chosen with attention to several
Patters: men who had been employed as subjects previously, who had been handl-
g Ethyl Gasoline for the longest period of time, who had handled gesoline con-
Yatning the highest concentrations of tetraethyl lead, and who handled the

hrgeat amounts of Ethyl Gasoline dally, were especially desirable. Until May

¢
t 1925 a small metering device containing a 1iter can of Ethyl Fluid was used

JE Nt 090
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on £11ling station hose lines to treat gasoline with the lead mixture as re-
quired. This method of distribution brought about some degree of exposure to
concentrated tetraethyl lead on the part of £illing station employees. There-
fore, those subjects whose employment dates back to this period have had op-
portunities for the absorption of lead from this source. They were perticularly
Zavorable subjects for the determination of the raximal lead exposure associated
with their occupation. It has been pointed out previously that in the cities
of Dayton, Cincimnnati, Savannah, Jacksonville and Atlanta there had been no in-
terruption in the distribution of Ethyl Gasoline since its introduction on the
market. Purthermors the employment turnover of filling station attendants had
besn so slight that it was not difficult to find a satisfactory group of men

who hzd dispensed Ethyl Gasoline since it was first marketed from their stations,

The consunption of Ethyl Gasoline had been greatest in certain centrel
states represented by the cities of Dayton, Cincimmati, Detroit, Chicago and
St. Louis. In these cities individual attendants at certain well located f£ill-
ing stations had handled more Kthyl Gasoline than had men similarly employed
in any other part of the country.

The tark wagon handlers were selected on the basis of the severity and
length of their exposure to Ethyl Gasoline. Twenty-seven of them had served as
Subjects for study in 1927. Thus & direct comparison of the results obtained on
the two occesions was made possible.

The garage mechanic group was made up o0f one hundred and nine persons
¥ho had been working on cars which used only Ethyl Gasoline, and zn additional
Nnety-three who had been repairing cars of which a high percentage used such
®soline, Effort wes made to find all the mechanics in the United States who
taq experienced prolonged exposure in garages in which all the cars had used

»
“thyl Gasoline exclusively over a period of several years. Ten members of the
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group had been employed in a public service garage in Dayton, Ohio, in which

ot AR
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Tthyl Gasoline had besn the exclusive fuel from 1923 to the time of the present

investigation.

Thirty-nine subjects had had from three to six years of dally

repair work on cers in which Ethyl Gasoline was the exclusive fuel, The entire

group was compossd of subjects who had been employed in continual repair work .

on fleets of cars.
From every point of view the subjects selected for examination had the
maximal opportunity for exposure to lead arising from their respective occupa-

tional relationships to Ethyl Gasoline. The garage mechanic group is entitled

AP R B TN R g

to special consideration since it is composed of men whose occupation combines

i

all the potential lead exposures derived from Ethyl Gasoline in an intensified
form, together with certain other lead exposures which are not related to Ethyl

Gasoline. It is for this remson that it was expandsd to a large number at the

R R RSy S R P

eéxpvense of the .leas exposed groups.

The barrel-fillers referred to in Table 4 were included among the
subjects chosen for the present investigation for a specific reason which will
8ppear later. The data are available through a fortunate combination of cir-
Sumgtances. '

Several years of observation of persons whose occupstion involved

Considerable exposure to gasoline had aroused our interest in the influence of

IR A RN

Tepeated and prolonged gasoline absorption. Accordingly search was made for a

€roup of subjects whose exposure to grsoline was severe and uncomplicated by
Other factors. In the summer of 1928 such a group was found in a refinery in
¥hich large quantities of gasoline were put into fifty gallon barrels for
tr"msl?cn“ca.‘ci on. The barrels were filled in a specially constructed room pro-
"ded with forced ventilation. Despite the magnitude of ventilation the con-
®entration 0f grsoline vapor was high enough to be immediately disturbing to
Sne ¥ho was not accustomed to such vapors. In addition, the skin, clothing

KE 0017341
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TABLE 4 20.
Distribution of Subjects According to Occupation and locality
t
Number of Number of Number of Number of Number of
locality Filling Sta- Tank Wagon Garage Barrel Fillers Bartel Fillers
tion Atten- Handlers Mechanics. Not Exposed to Exposed to
dants Exposed Exposed to Exposed to | Ethyl Gascoline. Bthyl Gasoline
to Ethyl Gas. Ethyl Gas. Ethyl Gas.
#1 - #56 #101-#150 #301-#501 #201 ~ #227 §#261 - §272
Cleveland
Cnio 15
Cincipnati
QObio 11 1 13
Dayton
Chio 11 10 15
Chicago
Illirncis 6 9 13
Detroit
dichigan 1 11 12
St. Iﬁula
Missouri 11 8 48
Xansas City
Uissouri 1 5
Hinnespolis
kinnesota 5
Jaczsonville
Florida 6 6 b
Atlanta
Georgia 10 4 5
i lwaukes
Wisconsin 5
Boston
Massg &0
Winec¢ling
We Vas 10
New York
7 ~_Few York 27 22
3 \E‘% 56 50 201 27 22

KE 0017342
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and shoes of the workmen were frequently and almost continuously soaked with
gasoline, The barrels were lined up in a doublé row along corresponding rows
c? pipe lines each of which was provided with an elbow, a flexible hose and a
Zloat valve. Each hose line with its valve was inserted into a drum, and the
valve was onened. @Gasoline flowed in at considerable pressure until the level
0?7 liquid in the drum relesgsed the valve, thus closing it. Occaslonally the
valve refused to work properly, at which time a stream of gasoline rose fi'om
the drum and thoroughly drenched any workmen in its immediate vicinity.

The number of men engaged in £1i1ling and hendling the drums of gaso-
lire was small but the severity of exposure was such as to give excellent oppor-
tunity for the detection of any effects which might result from gasoline absorp-
tion. These men were carefully exemined in a manner which will be described
later, and several types of laboratory dsta were obtained, including the lesad
content of the urine and faeces. (These latter data were obtained because of
our interest in the lead excretion of groups of workmen with no occupationsal
8xposure to lezd compounds, )

Shortly aﬂ;er these examinations had been completed the refinery in
fuestion undertook the distribution of Ethyl Gasoline. The latter was handled
In the manner described abové for ordinary gasoline, Inasmubch as experimental
8vidence indicated that the hazards of lead absorption from skin contact and
lahalation of vapor from gasoline containing tetraethyl lead were practically
“gligible, no fears were entertained as to the consequences of the additional
Betor or 2 low concentration of tetraethyl lead. Nevertheless, this constituted

¢ Wique situation from the point of view of severity of éxposure. Therefore

b wag considered imperative to obtain inforrmtion which would show whether or
®t an appreciable lead absorption was occurring in the men. Accordingly, at

th
¢oend or a period of six months, during which Ethyl Gasoline had been handled

- KE 0017343
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daily in this manner, the workmen so employed were examined, and samples of

their excreta were obtained for anelysis., In this second group made up of

twenty-two men, thers were ten who had been included in the first set of ex-

aminations,

Except in the case of the barrel-fillers, comparable groups of sub-

jects unexposed to the potential dangers of Ethyl Gasoline, were not obtained

for study. At the time of the present study of £illing astation employees, tank

wagon handlers of EBthyl Gesoline and gerage mechanics, there was no area of the

United States in which the selection of entirely unexposed subjects could be

made with precision. The use of lesded gasoline had increzsed rapidly, so as

to 1nvolve 211 parts of the country. Furthermore the employees of a large pro-

portion of the major gasoline distributing companies were handling Ethyl Gaso-

line., Therefore it was necessary to rely on information obtained prior to the

general distribution of Ethyl Gasoline, for comparative data on similar groups

0? subjects independent of the factor of lezded gasoline. Fortunately, such

data were adequate. TFurthermore, repeated observations had been made on the

game individuals under conditions of continuous exposure. These successive

i; Yndings furnish a means for the discovery of progressive effects of any type.

F Lethods of study.

Experimental studies on animals and men have established the exist-
a relationship between the magnitude of lead exposure and absorption
rate of lead excretlon, in that faecal excretion is a measure of inges-
- Hon op

the day preceding the collection of the sample, while the urinary ex-

indicates thé magnitude of lead absorption. Data which substantiate

: “%se Points are presented later in this report under heading "4. Investigations

t‘min‘led since 1930." TFevertheless, considering the importance ¢f the matter

KE 0017344
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i et lssue, we have oconsidered it desiradle to leave no stone unturned which

might yield additional information. Accordingly we have searched for clinical
evidences of lead absorption with the same care that we have applied to the
collection of accurate analytical data., The general clinical methods were simi-

lar to those employed by J. P, Leake® and his associates and by curselves in

other investigations of the same question. A comprehensive neurclogical examina-

ticn constituted the only signifilcant addition to the previous technique.

Care was taken to obtain all the information possible from each sub-

Jeet, and to record such information in a uniform mammer. PFor this reason cards

for recording data were provided as reproduced below and the work was divided

among four physicians sach of whom carried out the same type of observations on

each subject. So far as possible quantitative information was obtained in the

Physical exsminztion, but without the subordination of clinical judgment to the

tecessities of statistical comparabllity. Thus whils it was recognized that a

statistical study of all the data was desirable and necessary, sound clinical
teagnostic methods as applied to individual cases were regarded as of greater
’-’ﬂportance, in determining whether or not any evidence of lead intoxication
fag appeared among the subjects. AS an example of this point of view, sach

. Wbject was tested for evidences of atrophy or muscular weakness by palpation
. 2 vy opposing the examiner's strength to that of the corresponding muscle
;_’—b"up of the subject. But for the purposes of statistical comparison of a
}%‘,“ngle neuro-ruscular factor, the grip was tested by a hand dynemometer. (The
Z.“""e Instrument was employed throughout the tests.)

Measurements of the blood pressure of each subject whilse seated, were

23.




A. HISTORY SHEET

other places lived in, with dates

Place of Bmployment

Length of present employment and
previous employment at same work

Previous Occupations

Previous Lead Hazards Dates
Painting

Plumbing

Carriage, Auto or Car

Type Casting

Smelting or Refining
"reating” Refineries
Storage Bat. Mfg. or Rep.
Lead Buraing

Printing or Lithog.
Mining

¥oil, Solder, Babblit, Mfg.

Automobile Owner

- Thce Malaria Rheuma tism

f;;Tonsillitis Frequent Colds

" "icant Family History:

8t

KE 0017346

Gasoline Used

Lues, GO

No. Exsminerts Initials Date

Name Age Color Birthplece
Marital Ages Children . Miscarriages Stage
Residence

Type of work (exact description
of nature and conditions]

Dates

Previous Lead Hazards
Brass Founding
Soldering

Enameling

Paint Mfg.

Pottery

Glass

Polishing Cut Glass
White Lead

Rubber

Garage

Telephone or Telegraph Rep.

Dates

Repair Work

Previous Illnesses with dates and exmct descriptions {no leading gquestions)

Scarlet Diph. Tyohoid

Convulsions Heart Disease Asthma

24,
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4. HISTORY SHEET (Cont)

No. Examinerts Initials
Sleep Hours in Bed Dreams
Bowel Movements Frequency
tendency to Constipation

Tendency to Prequent Stools

Teeth Brushing Then

Usual Weight Best Weight
General Health
Rate of Tiring

Headaches Time

Eye Trouble (character and time of development)

Date
Restful Disturbed
Hour

Cathartics

Iast Trip to Dentist

Recent Loss Weight (seasonal?)

Recent Change

Taste in Mouth Character Time
Pzins in Joints Swelling of Joints

i Muscular Strength Cramps in Muscles
Pains in Belly Character Frequency

Appetite Different Meals

Digestive Disturbances

- Skin Infection or Eruption General

" Polyuria Nocturia
. Nervousness
* Other Complaints

Loss of Strength in Arms or Legs at any time

.’ Shooting pains

uwnbness or tingling

Loss of Sensation

Nausea or Vomiting

Hands

Frequency

General Weakness

Right or Left Handed

KE 0017347
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B. PHYSICAL EXAMINATION SHEERT -

: %¥0e Zxaminer's Init. Date Ags ' Height Weight
%1 Gconersl Appesrance Posture

S Futrition Musculature

4 pulse Blood Pressure (seated])

Temperature

Condition of Skin
golor of 8xin {exsct)

Condition of Skin of Eands )

Cornea Sclera
- Foss Throat
Glands Tonsils
Mucous Membranes Ears (structurse)
 Teeth Gums Pyorrhoea

Lead Line (Appearance and Location)

. Reart ipex Rate R
3 After 25 hons R
E 2 minutes after

E lugs: .1, - R. D.Ee - Re L.L.B. - R.
. . L. L.

‘ , thest Diagnosis

 Abdomey

Yer

Spleen Kidneys

Ve tun Genitalia

SF Pxtremities Lower Extremities

A R 9 AN Ao S e

L]
“en
081s and Remarks
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C. XNEUROLOGICAL EXAMINATI ON

Examiner's Init.

franial Nerves

I Smell

IT Sight R - 15/ Condition

L~ 15/ Correction
- 111, IV, VI Extrinsic Eye Muscles
Pupils Reflexes
Visual Field
T Motor Sensory
rIT Facies
vITT Audition R Equilibrium
L
¥, ¥, XII Speech Swallowing Tongue
. %I Yeck Shoulders
: “%; Upper Extremities Reflexes
3 Tonus Pharyngeal

Atrophy Biceps
Ataxia Triceps
Tremor Radial
Xugcular Power ' Petellar
Dynamoneter Achilles
Stereognostic Epigastric
Zpicritic Abdominal
Protonathic Cremasteric
Yinaegthetic Plantar
Thermal
Tibratory

73rve Trunk Tenderness

¥
“Ter Bxtramities cait

!
i
i
i
-
:

KE - 0017349
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D. TABORAT(RY SHEET

o Bxaminerts Initials Date
TRINALYSIS:
Quantity
SPeGe
Reaction (Methyl Red)
Albumin {Eeller's) Hoat and Acetic
Sugar {rehling's)
Acetonse {¥itroprusside)
icroscopic
BLOCD: Thite Count Haemoglobin (Dare)
Red Count

Differential (100 cells): Poly. Neutrophiles
: Poly. Rosinophiles
B Poly. Basophiles
3 Lymphocytes
Endothelial
Iarge Mononuclear
Transitional

Abnormal

Polychromasia
Stippling per 50 fields

3 { UALTITCAL, EXAMINATICN:

Accurate statement of hours required for collection of:

Urine Faeces
Constipation Diarrhoea Cathartic (type)
ZARCES URINE
. dish dried faeces volume Calo
¥, dish ash .
7. dish d
7t dried faeces
loaq xes. Lead Mgse
¥gs./gram of ash Mgs./1liter
Analysis No. Analysis No.

- KE 0017350
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4 fresh specimen of urine was obtained from each subject and examined
2% once for its reaction, the presence of albumin, and BUgAT. Mieroscopic examina-
vion of the urine and a2 teat for acetone were carried out onmly when indicated by
chemical abnorralities or by suggestive clinical findingse

Erythrocyte, leucocyte and differential leucocyte counts were made as
a routine procedure only on the barrel-filler group of subjects. OCtherwise,
such procedures were followed only when indicated for diagnostic purposes.

Haemoglobin determinations were made on each subject by means of thg
Dare hasmcglobinometer. A single instrument was employed for all observations,
and 21l readings were made by the same observer.

Blood smears were made on a&ll subjects, and were examined for stippling
0f the erythrocytes by the method previously described.

Samples of urine and faeces were obtained from the subjects for the
determination of their lead comtent. The collection of these and the analyses
i Fere carried out according to methods which we have described 1n an earlier re-
' 3 port,® 1n s few instances no samples were obtainable. A further small munber
f of samples were lost in transit and in process of analysis, With these few

txceptions, the analyticel results were obtained without daifficulty.

Yo case of lead intoxication was found among the subjects. In fact,
B Combination of symptoms and physical findings was suggestive of lead intoxi-
Rtion, Such evidences of lead absorption as are common emong lead workers were
%nsPimously absent. 0f gpecial negative clinical importance were the complete
‘536n09 of lead line, the lack of significant microscopic blood changes
'htippling), and the striking infrequency of vague symptoms of 3111 health.

%" these circumstances any evidences of significant lead absorption as s

- KE 0017351
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consequence of exposure to Ethyl Gasoline must be sought in the data on the ex-

cretion of lead,

The clinical and anslytical data for the groups are presented in a
gseries 0f tables, in which the 2actors are set down in the exact manner of the
statistical study except as otherwise noted.

Table 5 shows the classification of the subjects according to the
daretion of their exposure to Ethyl Gasoline. One-half of the £illing station
attendants and a llttle less than half of the tank wagon handlers had been ex-
vosed for five or more years, while sixty-nine perceat of the garage mechanics
tad repaired cars which used Ethyl Gasoline over a period of three years or
more.

Whether or not it has any bearing on the problem at issue, the oc-

" | currence of previous industrial lead exposurse among the subjects may not be
imored. Information on this point obtained from the occupational histories
. 13 shown in Table 6. Here it may be seen that a large proportion of the sub-
‘ ': jects had been employed in trades which involved scme opportunity for lead abe
' _ Yorption, prior to their exposure to Bthyl Gasoline. None of the ZaTage me-
l thanicy may be regarded as free from the possibility of lead exposure in their
°°°‘lpa‘cion, apart from the factor of Ethyl Gasoline. However, it my be as-
*Zed that few garage mechanics have more than a slight lead exposure in the
1..‘0"11'53 of their normal day's work, since small jJobs of scldering and painting,
;}i 4 the occasional repmir of a storage battery have not produced & noticeadle
=':"'ul‘l‘em:-e 0f lead intoxication among garage mechanics, (ne tank wagon driver
®ight garage mechanics had been employed at some previous time in hazardous
tﬁd tl‘ades, in which their exposure had not been severe either in cuality or

Gy on.

The distribution of the sudbjects according to age, sesn in Tabdble 7,

- KE 0017352




Distribution of SubjJects According to Period of Exposure to

TABLE &

Ethyl Gasoline

31.

Period of Filling Station Tank Wagon Garage Mechanics Barrel Fillers
Exposure Attendants Handlers Exposed to

in Years Ethyl Gasoline
Number % Number % Fumber % Number %
0.1-0.25 ¢ | 18
18 82

1 2 1 2 26 13

4 8 36 18

6 11 4 8 98 49

156 28 19 38 22 11

23 41 16 32 12 6

10 18 6 1z 7 3
T0TALS b6 100 50 106 <01 100 22 100

RE 0017353
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32,
TABLE 6

Distribution of Subjects According to History of Previous Bxposure to
Lead Other Than Ethyl Gg.spline

Description [Filling Station| Tunk ﬁagon Garage Barrel Fillers Barrel Fillers
of Atteudants Handlers Mechanics Yot Exposed to Exposed to
Lead Exposure " Ethyl Gasoline Bthyl Gasoline

Numb er % |Number | % | Number| % Number % Number v A
None 20 36 18 36 15 55 10 46
Questionable 2] 14 10 20 30 15 & 30 6 27
Slight 28 50 &1 42 163 82 3 ll‘ : ] 27
Moderate 1 2 8 4 1 4
TOTAL b6 100 60 100 201 100 27 100 22 100

KE 0017354




TABLE 7

Distribution of Subjects Asccording to Age

33,

Age in Filling Station Tank Wagon Garage Barrel Fillers Barrel Fillers
Attendants Hzndlers Mechanics Not Exposed to Exposed to
Yuaurs Ethyl Gasoline Bthyl Gasoline
Nuaber % Number % Number % Number % FNumber %
15-19 9
20-24 3 5 32 16 1 5
£-23 12 21 15 30 33 17 6 23 2 9
30-34 12 21 7 14 ¢ | 17 5 19 6 27
35-33 3] 9 10 <0 42 21 b 19 2 9
40-44 2 4 5 10 26 13 6 23 K 31
45-43 5 9 5 10 11 5 1 4 2 9
50-£4% 4 7 3 6 8 4 1 4
58-5% K4 13 1 2 4 2 2 & 1 5
60-54 6 11 3 ) 2 1 1l 5
65~63 1 2
Total 58 100 50 100 201 100 26 100 22 100
40.8 3646 34 .3 37.9 39.1
1.2 1.1 %0.5 H.2 1.3
13.07 11.28 9.86 8.76 9.34
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TABLE 8

34,

Distribution of Subjects According to Certain Subjective Abnormalities

.l‘lype
56 50 201 27 22
of Filling Station | wank Wagon Garage Barrel Fillers Barrel Fillers
Attendants Heudlers Mechanics ¥ot Bxposed to Exposed to
dbnormality Bthyl Gasoline Bthyl Gasoline
Number 9 Number % | Tumber| % | Number % Number %

Recent Loss
of Weignt 3 6 2 4 i 4
Increased
Tendency to
Fetigue 1 2 1 2 8 4 2 7
Frequent
Hezdache 6 10 2 4 31 15 2 7 1 5
Occasional
ibdominal
Cremp 2 4 2 4 12 6 1 4 1 5
Qccasional
Digestive
Disturbance 3 8 2 4 4 2 1 4 1 5
Uccasional
Feuritic
Symotcms 3 5 7 3 1 5
Roor
agneral
Healtn 1 1

KE 001
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Distribution of Subjects According to Certain Objective Abnormalities

TABLE 9

35,

Type Filling Station | Tank Wagon Garage Barrel Fillers | Barrel Fillers
Attendants Handlers Mechanics Not Exposed to | Exposed to
of Ethyl Gasoline | Ethyl Gasoline
Lonormality Number % Number % | Number % Number % Number %
Urder-
Futrition 4 6 2 4 8 4 4 15 2 10
Pallior 2 4 2 4 23 11 8 30 a 10
Irritation
of Skin of
Hands 11 20 12 24 56 28 16 60 12 54
Lead
Line
Yorve Trunk
Tenderness 6 11 17 34 17 8 3 11 1 5
Tremors 20 36 21 42 71 35 8 39 9 41
Sensory
Disturbun-
ces 1 2 3 6 4 2 2 10
Extensor
2aresis 1 2 3 6 1 1
——
dtropny of
Upper Ex-
tremitigs 1 2 4 8 9 4 1 5
\
bnormalities
;f Yisual
g1 2 4 1 2 2 10
&/ Crivary
2 Ly 20 39 15 33 92 46 1 4 16 73
b Louui nyria 4 9 6 3

KE 0017357




ig significant only in that it demonstrates the inclusion of widely varying age

grouns asmong the subjects under Investigation.
Tables 8 and 9 represent the frequency of occurrence of certain sub-
jective and objective abnormalities which are indicative of the presence of low

grade intoxication. Among the symptoms, attention should be called to the high

incidence of headache among the garage mechanics. The histories clearly sug-

gested carbon monoxide absorption as the background of this complaint. Irrita-
tion 0of the skin of the hands due to fregquent contact with petroleum products
showed & high freguency of occurrence in 211 the groups. Pallor was most promi-
nent in the garage mschanic group and in the barrel fillers not exposed ‘co'Ethyl
fasoline. The explanations of this circumstance in the latter group is un-
doubtedly found in the fact that this group was examined in the éummer when the
lnhalation of gasoline vapor was at its height. These men showed & correlative
diminution of haemoglobin and a high average stippling ~ further indications of

Ylood changes resulting from their exposure to gasoline. Comparison of the

‘erzining items with the results of gimilar observations on various groups of
Wbjects unexposed to Ethyl Gasoline fails to yield any significant informa-

8 'on, (cf. Tables 19 and 20).

— In Tables 10, 11, and 12, the findings as regards blood pressure,
Eaemglobin of thevblood, and stippling of the erythrocytes are recorded. TXTo

B tan values were computed for the occurrence of stippling by reason of the high
#oportion of negative results. It may be seen from the tables that no sig-
2"fi(tancvca may be attached to variation in these matters in relation to Ethyl

f %2011 axposure, since practically a1l the findings are within normal limits.
‘:: the case of the systolic blood pressure, which is used here only as a

- X
8“2l means of pointing out the probable existence of vascular disease, the

ke
th Teadings are sharply correlated with age, and hence have no significance.

KE 0017358
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The low results are of no greater freguency than is common among corresponding

groups of presumably normal persons. The haemoglobin determinations show only

a2 high frequency of low results among the barrsl-fillers wnexposed to Ethyl
Gasoline, as previously pointed out. Likewise the only point of Interest in

Tfotle 12 consists in the relatively high results among these same barrel fillers,

; Apparently, exposure to gasoline vapors may produce blood changes, including

.‘ the appearance of stippling.

Mables 13 and 14 record the observations on the strength of the grip
2 02 the left hand and right hand, respectively, of the subjects. The freguencies
and the means do not show any very striking differences between the groups, ex~
3 cepting that the barrel fillers as a whole, gave a somewhat weaker response to
' the test.

‘ The facts obtained from the analysis of the excreta of the subjects
ire presented in Tables 15, 16 and 17, A survey of the tabulated results shows
>_ that 2 few high results are scattered irregularly through the dzta. Where

: *hese occur in faecal samples it my be assumed that they have resulted either
’om contamination of the sample or from the ingestlon of unusual amounts of
lead with food material, and that they have no necessary or probabls relation-
'hip to occupational lead exposure. Accordingly the inclusion of such findings
‘2 the computation of mean values increases appreciably the probable error of

f e heans, Nevertheless, such results have been recorded, and have been i‘n-
 ludeq in the calculations unless otherwise specifically noted in the tables.
™eTe 2 result has been excluded it has been for the obvious purpose of 6li-
!mting a finding which has no possible relation to the problem at issue.

s the cage of the urine samples, aberrant results are of rare occurrence, as
‘md be expected. On the other hand, contamination of an occesionnl sample

B,
3 ing the process of collection is apparently unavoidable, despite the most

KE 0017553
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TABLE 10

Distribution of Subjects 4ccording to Systolic Blood Pressure

38.

3lood Pressure Filling Station Tank Wagon Garage ~ .+ Barrel Fillers | Barrel Fillers
Attendants Handlers Mechanics
. { Readings
Number % Number % | Nunber % Number % Number %
5059 1 1
30-39 1 2 4 2 1 5
100-109 3 5 2 4 16 8
{110-119 10 18 16 32 52 26 4 15 5 22
§120-129 18 32 10 20 62 30 7 26 7 32
4 130-139 9 16 7 14 36 18 8 30 4 18
3 130-149 7 12 4 8 18 9 5 18 4 18
% 150-159 2 7 2 a 5 2 1 4
4 160-169 3 6 4 2 2 7
4 170-179 1 2 1 5
3 180-153 2 4 2 4 2 1
$ % Information 3 5 4 8 1 1
btal 56 100 50 100{ =201 | 100 27 100 22 100
Licg 130.1 130.4 125.7 13443 129.1
Mobable Error
! doan 1.7 $1.9 0.7 1.8 +2.3
: ”'&nda.rd
§hviution 17.86 19.30 15.10 13.59 15.86

KE 0017
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TABLE

Distribution of Subjects According

11

to Haermoglobin in Blood

39.

Bacwogloblinometer| Filling Station Tank Wagon Garage Barrel Fillers | Barrel Fillers
Attendunts Handlers ¥echanics Not Exposed to Exposed to
Resding {Dare) Ethyl Gasoline | Ethyl Gasoline
Number % | Bunber % | ¥umver| % Tumber % Number %
3
60 -~ 67 1 2 9 33 1l 5
656 ~ 75 15 27 4 8 13 6 12 44 1 5
76 - 83 21 37 1= 4 77 39 4 15 8 35
Bs - 91 15 27 27 54 g2 46 1 ¢ 11 50
92 - 93 5 9 5 10 18 7 1 5
%o Information 1 2 4 2 1 4
fotal 56 100 50 100 201 100 27 100 22 100
Lian 80.9* 85.0% 84.5* 71.1% 83.3%
iobable error
it mean 20.87 %0.59 *0.24 £0.92 10.91
‘ f‘-andard .
‘"iation 739 6.11 5.09 6.98 6434

*il11 means calculated on a wider grouping of readings.




Distribution of Subjects According to Stippling of Brythrocytes

TABLE 12

40,

Number of Filling Station Tank Wagon Garage Barrel Fillers Barrel Fillers
Stippled Attendants Handlers Mechanics Not Exposed to Exposed to
Cells Per Bthyl Gaeoline Ethyl Gasoline
50 Fields
Number % Number % | Number % Number % Number %
36 64 33 66 159 79 7 26 21 95
6 11 8 16 19 9 1 4 1 5
6 11 5 10 17 8 6 22
3 5 2 4 5 3 3 11
3 5 1 2 1 1 4 15
2 4 1 2 6 22
56 100 50 100 201 100 27 100 22 100
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Distribution of Subjects According to Strength of Grip of Left Hand

TABLE 13

41,

Hand F1lling Station Tank Wagon Garage Barrel Fillers Barrel Fillers
Attendants Handlers Mechanics Not Exposed to Exposed to
Dyramometer Ethyl Gascline Ethyl Gasoline
Number % Ywaber % | Number o Namber % Yumber %
2 4 2
1 2 2 4 3 1 4] 1% 2 9
7 12 2 4 8 4 2 7 3 14
5 9 3 6 30 15 4 15 2 9
90-99 7 12 13 26 47 23 3 11 7 32
100-109 10 18 6 12 42 P2 6 ’2 3 14
110-119 2 4 2 4 20 10 b4 7 4 18
120-129 1 2 7 14 25 12 1 4
150-139 5 3 1 4
140-149 1 2 2 4% 5 3
150-1z9 1 2 1 1
160-1589 P 1
%o
lagorzation 22 39 10 20 9 4 4 15
Botal 56 100 50 100 | 201 100 27 100 22 100
doen 95.0 101.5 102.9 91.1 95.0
] ¥r0bable
Lror of
. — t1.9 2,4 0.9 t2.7 2.4
; f‘&ndard
v““iation 16.63 22.75 19.37 15.05 16.51
KE 0017363
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Distribution of Subjects According to Strength of Grip of Right Hand

TABLE 14

42,

Hand Filling Station Tank Wagon Garage Barrel Fillers Barrel Fillers
Attendants Handlers Mechanics Not ZExposed to Exposed to
Dynsmometer Ethyl Gasoline Ethyl Gasoline
Reading Number 9% Number | % Fumber % Number % Yumber %
50-83 2 7
60-69 1 1 1 4
76=79 b4 4 3 2 3 11
80-89 3 5 4 8 9 4 1 4 7 33
90-99 8 14 6 12 29 14 4 15 2 9
100-10%8 4 8 7 14 40 20 3 11 2 9
110-118 7 12 -5 10 28 14 5 18 4 is8
120-129 5 9 6 12 33 16 3 R § 3 14
130-139 3 5 3] 10 22 11 1 4 2 9
140-149 2 4 2 4 19 10 1 4 1 4
150-159 1 2 2 4 K4 3
160-169 1 2 1 1
Yo
Information &3 41 10 20 9 4 4 15
Totsl b6 100 50 100 201 100 &7 100 22 100
Ksan 112.6 11l4.0 11643 101.9 105.0
Probable
Error oz
Kean 2.2 2.4 0.9 3.3 3.0
Standard
Deviation 18.43 22.34 19.58 23.30 20.89
KE 0017364



4 TABLE 15
] Distribution of Subjects According to lead Found in Faeces
= ¥illigranms Filling Station Tank Wagon Garage Barrel Fillers Barrel Fillers
of Leed Attendants Handlers Mechanics nct Exposed to Exposed to
Per Sample Ethyl Gasoline Ethyl Gasoline
of raeces
Number % Number % Fumber | % Number % Number %
0 -0.079 6 11 1 2 5 3 2 7
0.08-0.159 5 9 4 8 26 13 4 15 2 9
0.15-0.239 12 21 4 8 33 17 2 7 9 40
0+.24-0.313 4 7 6 12 25 12. 3 11 5 22
0.32-0.399 8 14 6 1z 28 14 4 15 1 5
0440-04479 2 4 2 4 17 9 S 11 2 9
0.48-0.559 2 4 5 10 13 6 1 4 1 5
0.56=0+5639 1 2 2 4 8 4
C.84-04719 1 2 7 3 3 11
0.72-0.799 7 3
0.80-0.879 1 2 3 2 1 5
0.65-0.959 2 1 1 4
0.98-1.039 1 2 2 1 1 4
0.04-1.119 6 3
1.12-1.,199
2* 4 1= 2 6* 3 3* 11 1= 5
Fo
Iuformation 13 22 17 34 13 6
£6 100 £0 100 201 {100 27 100 22 100

0.258 0.360 0.379 0.380 0.288
Probable
v Tor of .
san +0.016 +0.023 +0.012 +0.037 +0.024
. ;tandard
: ~ration 0.169 0.197 0.245 0.266 0.160

® . - -
Unjtted in caloulation of means.

KE 0017365




TABLE 16

Distribution of Subjects According to lLead in Milligrams per Gram Ash

of Faeces
< 3
" {Killigrams Filling Station Tank Wagon Garage Barrel Fillers | Barrel Fillers
of Lead Attendants Handlers Mechanica Not Exposed to | Exposed to
Por Gram Bthyl uasoline | Ethyl Gasoline
of Ash _
Fumber % Fumber % Yunber % Fumber % Number %
" 10.00-0.039 10 18 2 5 2 1 4
7 10.04-0.079 14 24 16 32 51 25 9 33 7 32
0.05-04119 9 16 4 8 54 27 7 26 8 36
10.02-0.159 4 8 8 6 36 18 3 11 2 9
40.16-0.199 2 4 3 6 18 9 2 7 3 14
90.20-0.239 1 2 1 2 8 4 1 4 2 9
40.22-0.279 1 2 1 2 4 2 1 4
40.26-0.519 1 2 4 2
4 0.32-0.359 1 1 1 4
0,36-0.399
0:40-0.433 1 2 2 7
0444~0.479 5 2
046-0.519
0:56-0.599 1 2
%64-0.679 3 1
£ 1:00- 4 1 2 1 2 1+ 1
kb
MY
Wormation 13 22 17 34 13 6
- XU 56 100 50 100 201 100 27 100 22 100
0.123%%
0.087 0.120 0.131 04137 0.113
’hbable
' “: of 20.004*=
yalarg 0.074%*
ation 0.065 0.115 0.100 0.106 0.052

RRld e s
: “led in Calcylation of Mean.

KE 001736¢

**Caloulated after exclusion of three results
over 0.64 milligrams.
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TABIE 17

Per Liter of Urine

Distribution of Subjects According to Milligrams of lead

45,

xilligrams #illing Staticn Tank Wagon Garage Barrel Fillers Barrel Fillers
of Lead Attendants Handlers Mechsanics Not Exposed to Exposed to
Per liter Ethyl Gasoline Gasoline
of Urine \
Number % Yumber % | Number % Number % Number %
0-0.039 18 32 11 22 45 22 6 22 8 36
0.04-0.079 15 T 27 18 36 76 38 16 60 10 45
1 0.08-0.119 13 23 4 8 34 17 5 18 2 9
7 4 041204159 3 5 1 2 16 8 1 5
"% 0.18-0.199 3 5 1 2 5 2
4 0.20-0.239 1 2 3 1
1 0.24-0.279 1 2 3 1
o 4 0.25-0.319 1 2 3 1
= ¥ 0.32-0.389 |- 1 2 1 1
0.36-0.399 1 1
0.40-0.439 1 1
0444-0.479 1 1
0.46-0.519 1 2 1 1
E 052w + 1w 2 1*= 2 Zex 1
3.
E nformaticn 2 4 10 20 8 4 1 5
g-otal b6 100 50 |[100 | 201 | 100 27 100 22 100
, foan 0.071 0.089 0.086 0.056* 0.052%
2robsble
Tor of
£0.005 *0.011 £0.004 £0.009 10.004
!‘illdard
iation 0.050 0.099 0.079 0.071 0.030

L]
Y0 0aleulated on a wider grouping of findings.

.
Yoludeq 1n calculation of means.

KE 0017367
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careful instruction of the subjects, This is not remarkable when the ubiquity

cf lead compounds is appreciated, and when the lack of understanding of chemical

cleanliness on the part of the subjects 1s taken into account.

The analytical results serve to classify the various groups of subjects

23 distinctly outside the hazardous lead trades. At first glance, the mean

values for the lead content of the faeces of filling station employees, tank‘
vagon handlers and garage mechanics seem high, as compared to those in normal

persons with no occupational lead exposure., On the other hand, the small group

02 barrel fillers who were not exposed to Ethyl Gasoline, and who had no other

occunational lezsd exposure at the time of the examinmation, show similarly high

{findings.s TPurthermore, when the faecal lead is expressed in quantitatively

Feomparable terms, in milligrams per gram of ash, the apparently high results

7?: lose their significance. Finally, for reasons which will appear later, it is

:-; Impossible to draw exact conclusions as to the magnitude of lead absorption,

g 'rom the results obtained and samples of faeces. Thus it is necessary to re-

Yo the study of the urinary excretion for such information. As judged by

standard, the groups fall into the category of persons lacking occupation-
U exposure to lead compounds.

A special significance derives from the failure of the barrel fillers »
% show any increase in their lead excretion as a consequence of their exposure
-"QEthyl Gasoline. Not only do the two groups fail to differentiate themselves
!""m the point of view of lead excretion, but it is equally true that no single
I:'hvidual in the groupns can be differentiated. O0f the ten persons who were

Raningg prior to exposure to Ethyl Gasoline, and again after six months ex-

TRrg 4o Ethyl Gasoline, no one person shows an increase in his rate of lead
g,
| “Ttion, This can be interpreted only as meaning that there was no sig-

o140,
lant 1eaq absorption as a consequence of this exposure. Thus, it seems

KE 0017368
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quite clear, that the inability of animals to absorb measurable emounts of

tetraethyl lead out of gasoline in dilute solution,? (1 part per thousand by

volwme or less) is shared by man,

Comparison of the Findings of 1929-.30 with Results Qbtained Earlier,

In view of the important conclusions of the above parazgraphs, indicat-

ing the completely negative character of the findings, it is proper to present
soservations of a strictly comparable csharacter on groups of subjects similar

to those employed in the present investigation, in every matter save that of ex-
rosure to Ethyl Gesoline. Accordingly, Tablesl8 to 26, inclusive show the re-
sults obtained in 1927, in the study of groups of persons who had not been ex-
e posed to the conditions associated with the use of Ethyl Gasocline. The medical
student group is composed of members of a newly matriculated class. Tor the
second group, filling station attendants and bulk handlers of ordinary gaso-

2 line are combined in order to make a large group for statisticai purpoées.
Unfortunately, no analytical data are available in the case of the bulk
;,lmndlers of gasoline, because of their umwillingness to colperate in the col-

| lection of samples. Therefore the analytical findings relate only to filling
station attendants, as indicated in the tables. The control garage mechanic

. Eroup is made up of only a small number of men carefully selected in 1926 as
llaﬂdng any exposure to Ethyl Gasoline. The rigid requirements in the latter

E Tegarg introduced considerable diff&culty into the problem of obtaining co-

3 _kmrative subjects.

Fo explanatory camments are required, since the tables present the
. .

bsBI‘Ved facts adequatelys It should be pointed out that the observations

™ . i‘

®orded in these tables were made by the same persons who collected the data

%
: the €xposed subjects previously described. The clinical methods employed in

KE_ 0017369
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the two instances were substantially the same, while the analytical methods

‘were practically identical,

Summmary of Certain Findings in Present and Previous Investigation,

Table 27 surmarizes the mean values for 2ll the groups of exposed and
mexposed persons, in such matters as would ssem to have special significance.
i(Since the frequencies of occurrence 0% stippling do not lend themselves to com-

putation of mean values, comparison of this immortant factor must be made from

3the tables of distribution.) OComparison of the means reveals a striking lack

?of statistical differentiation of the groups. The medical students show a
\;ugnificant difference in age, but in no other factor. The barrel fillers not
géuposed to Ethyl Gasoline show a significantly low haemoglobin content of

i their blood, as previously pointed out. The mean lead content per sample of
’i?;heces also shows certain statistically significant variations within the
froups, but no actual importance can be attributed to these differences in
§'low of the variability in the size of the faecal samples. When the latter
ctor is corrected by expressing the lead in the faeces in relaﬁion to the

Rantity of ash, the variability of the groups becomes statistically insig-

8:ificant,

Previous Qccupational Lead Exposure.

been intimated previously that some significence may be at-

¢t that & considerable number of the subjects had been exposed
8 in previous occupations. Likewise the handling of lead com-
n leaded gesoline and its deposits on motor parts and else-
expected to have some influence ﬁpon the lead absorption of the

As 8 means of ascertaining the importance of these matters,

RE 001757)
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the analytical results derived from two small groups of persons whose occupa-
tional histories failed to give evidence of previousvlead exposure, were subject-
ed to a study. Table 6 has shown the distribution of the subjects as to previous
occupational lezd exposure. Table 28 presents the mean values for the lead ex~-
cretion of these subjects as separate groups and in combination, The results

are seen to be slightly lower, but no significant statistical differences have
rssnlted from the exclusion of the previcusly exposed subjects. Considering

the rate &t which large quantities of lead have been shown to be eliminated

from the body, the effects of previou; slight or moderate exposure to lead,
would not be expected to manifest themselves in an increased excretion after

the lapse 02 years. Nevertheless it is of =ome interest and importance to

establish the facts in the matter.

It would appear that an exemination into the relationship between
length of service znd lead excretion, might provide a means of ascertaining the
significance of the lead exposure assoclated with the occupation of the garage
mechanicss This was done first by studying the correlation between the period
of continuous employment as mechanics and lead excretion, and then by a cor-
regponding study of the length 0f exposure in repairing cars which used Ethyl
Gasoline, as against lead excretion. The results of these attempted correla-~
tions are shown 1anable 29, There 13 a complete lack of correlation in either
matter, From these results one must conclude elther” that the lead exposure
assocliated with the occupation is insignificant, or that it is of such ir-
regular occurrence as to have no measurable time relationship.

Thers remains one other means of examining the aveilable data in

search of evidences of 1é§d absorption from the handling of Ethyl Gasoline.

KE 0017371
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TABIR 18 50
Distribution According to Age of Groups of Subjects Not Exposed
To Ethyl Gasoline, Examined in 192? |
j
Mediical Students Filling Station Attendante | Garage Mechenics
Tank Wa:*?g Handlers
Rumber | % Fumber % Namber %
11 15 1 1 2
51 72 18 16 e )
9 13 23 20 1 - 12 34
16 14 12 34
1 10 2 6 |
13 ) 11 4 1
10 9 1 3 |
10 9 | £
5 4
4 4
3 3
71 100 114 100 35 100
Mezn 22.3 376 31l.2
Probable
Error of
Migan 30.2 %0.8 0.8
Standard
Deviation 2.3 12.54 6469
!
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51.
TABLE 19

Distribution According to Certain Subjective Abnormalities of Groups of
Subjects Not Exposed to Ethyl Gasoline - Examined in 1927.

Type 71 69 . 42 35
dedical Students Filling Station Tank Wagon Garage

of Attendsuts Handlers Mechanics
Abnormality Number % Numb er % Number % Yumber | %
Recent loss :
of Weight i 10 1 1 2 5 5 14
Increased
Tendency to
Fatigue 9 13 12 17 5 12 5 14
Occasionsl
Headache 15 21 17 25 7 17 18 51
Occasional
Abdominal
Cramp . 1 1 2 3
COccasional
Digestive
Disturbance 1 1 8 12 10 24 4 12
Cccasional
Yeuritic
Symptoms 5 7 & 5
Poor Genersl
Hezlth P 3 3 4 0 0 1 3

KE 0017373



Distribution Accoriing to Certain Objective Abnormalities of Groups
of Subjects Not Exposed to Ethyl Gasoline - BExamined ia 1927

TABLE 20

52,

KE 0017374

Type 71 69 42 35
"Medical Students Filling Station Tank Wagon Garage Mechanics
of Attendants Handlers
Lonormality Number 2 Tumber % Nwaber A Fumber 4
Urder-
nutrition 7 10 13 19
Pelilor 1 1 3 4
Irritation
of Sxin of
Hards 2 3 4 11
lead line 4 10 3 9
fruzors 2 3 9 13
‘ Sensory
3 Disturbaunces 3 4 9 13 2 5 1 3
Urinar
idity 7 10 3 4 16 38 8 23
3 dlouminuria 1 1 3 4 3 7 3 9



53.
TABLE 21

Distribution According to Systolic Blood Pressure of Groups of Subjects
Not Exposed to Ethyl Gasoline, Examined in 1927

Blood Pressure Medical Scudents Filling Station Attendants Garage Mechanics
Rewdings Tank Wa.goin Idiandlers
Number % Yumber % Fumber %
‘ 100-103 1 1 2 2
? 110-119 2 31 15 13 6 17
120-129 23 33 32 <8 14 40
130-139 17 24 29 25 7 20
140-149 7 10 15 13 b 14
| 150-159 1 1 9 7 3 9
" 160-169 2 2
170=-179 1 1
180-189 1 1
150-199 3 3
200-209 3 3
z10-219 1 1
220-229
£30-239 1 1
Total 71 100 114 100 38 100
125.9 138.2 129.8
able
rof
to.8 t1.5 1.3
lard
ation 10.20 23445 10.98

- KE 0017375
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TABLE 22

Distribution According to Haemoglobin of Blood of Groups of Subjects
Not Exposed to Ethyl Gasoline, Examined in 1927

Eaemoglooinometer | Medical Students Filling Station Garage Mechanics
Attendants and
Reading (Dare) Tank Wagon Handlers
Fumber % Number % Fumber 2
T 60-64 1
- 65-69 _ 1 1 1 1
70-74 9 8 1 3
75-79 3 4 12 11 2 6
80-84 10 15 17 16 6 18
85-8%9 21 30 43 40 12 35
20-94 17 25 15 14 10 29
95-99 11 16 9 8 3 9
100-104 3] 7 2 "2
108-109 1 1
Total 70 100 108 100 34 100
Lisan 89.8 86.0 88.0
Probable Error
of Mean +0.6 ' 0.5 0.7
Standard
Deviation 7.78 7.15 5.73

- NFE 0017396



55.
TABLE 23

Distribution According to Stippling of Brythrocytes of Groups of
Subjects Not Exposed to Bthyl Gasoline, Examined in 1927.

Nurber of . Medical Students Filling Station Garage Mechanics
Stiupled Cells Attendants and
Pegr ©0 Fields Tank Wagon Handlers
Yumber % Nunber % Tumber %
0 58 82 72 63 22 63
1 5] 7 20 18 6 17
2=5 7 10 14 12 6 | 17
6-10 1 1 7 6 1 3
11-20
R1-32 1 1
Total 71 100 114 100 35 100

- KE QD17 ovw



TABLE 24

Not Exposed to Ethyl Gasoline, Examined in 1927

Distribution According to Lead Found in Faeces of Groups ¢f Subjects

56.

—

Milligrams of Lead Hedical Students Filling Station Garage Mechanics
Per Sample of Attendants
Fascos
Tumber % Number % Fumber %
- 0 - 0.079 17 25 14 20 5 19
T 0.08 -« 0.159 15 22 14 20 7 27
T 0+16 = 0.239 19 27 18 25 2 8
Cels = 0.319 6 9 7 10 2 8
0.32 = 0.399 3 5 7 10 3 11
0440 ~ 0.479 2 3 6 5 2 s
0+a8 = 04559 2 3 1 1 1 4
JeE6 = 0.639 1 1
Cebd - 04713 1 1 1 1
Q.72 = 04799
0.80 - 0.879 1 1l 1 1
J.88 - 0.9569 1 1 1 4
0.96 - 1.038%
1.04 - 1.119 1 1
1.12 - 1.199 1 1
1.20 - 3* 4 3+ 11
Total 70 100 72 100 26 100
—_—
. Mesn 0.232 0,197 0.235
Probable Zrror of
\&e‘m ~0.019 -0.013. -0.029
Standard
Deviation -0.0236 -0.159 ~-0.206

*Excluded in calculation of means.

wur 00178793
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TABLE 25

Distribution According to Milligrams of Lead Per Gram Ash of Faeces
of Groups of Subjscts Not ixposed to Btayl Gasoline, Examined in 1927

57.

4illigrams of Lead Medical Students Filling Station Garage Mechanice
Attendants
Per Gram of Ash
Yumber % Number % Number %
0 - 0.049 29 48 29 41 12 46
3 0.05 - 0.099 16 27 26 31 6 23
0.10 ~ 0.149 9 15 1. 8 11 1 4

0.15 - 0.199 3 5 4 <] 2 8

0.20 - 0.249 1 2 - 1 4

0.25 - 0.299 1 1 1 -4

0.30 -~ 0.349 1 1 1 4

0435 - 0.399

0040 - 00449 l 2 - l 1

025 - 0.599 1 2 -

65 -~ 0.69%9 2 8

1650 = + Pars 2

Zotad 60 100 71 100 26 100

0.079* 0.077%" 0.085®
0.131

Probable Brror of 10.012@
Eean to.008 +0.006 10.023

Standard Deviation 0.094 0.071 0.085®
0.177

*ean Caloulated on a wider grouping of Findings.
**Excluded in Calculation of Mean.
@ Calculated after exclusion of two results over 0.65 milligrams.

- KE 0017875
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TABLE 26 ‘

Distribution According to Milligrams of Lead Per Liter of Urine of Groups of
Subjects Not Exposed to Ethyl Gasoline, Examined in 1927

Xilligrams of lead ‘edical Students Filling Station Garage Mechanics
Attendants
Per Liter of Urine
Funber 3 Nuuber % Number ) <j
0 - 0.029 11 17 11 15 <] 31 "ﬁ
0.03 - 0,059 22 34 20 28 4 15 4
0.06 - 0.089 16 25 17 24 5 19 ) ‘\
0.09 - 0.119 10 15 6 8 2 8 1
0.12 - 0.149 1 1+ 4 6 5 19
0.15 - 0.173 1 1+ 3 4
Ue16 = 0.209 1l 1+ 5 7
0s21 = 04239 1 1+
0el4 = 0.269 1 &
0.27 = 04239 1 1+ ’
0445 ~ 04479 1 1+
CsE4 - 04569 1= 1+
0.66 - 0.689 1* 1+ 1* 1+
1,00 = + 3* 4 1* 4
Total 65 100 72 100 26 100
\Jﬁan 0.078 0.081 0.077

Probable Brror of
Hean 10.007 10.006 10.008

Standard Deviation 0.089 0.069 0.059

*Excluded in calculation of means.

. KE 0017880



59.

Among the subjects studied in 1929, there were twé;fy-six filiing station atten-
¢ants, and twenty-four tank wagon handlers who had been employed as subjects in
1527, Presumably, if their occupation contains a significant lead hazard they
should show some evidence of change in lead excretion after two years., The
¢indings for the two years, as regards lead excretion, are shown in Tables 30,
31, and 32, The mean values are surmerized in Table 33. 1t may be\seen that

no statistically valid difference is demonstrable.

4, Investigations Continued Since 1930,

Reference has been made to the fact that the faecal output of lead is

i determined largely by the rate of lead ingestion. ZPrevious observations® have

4 shown that under conditions which permit the inhalation of finely divided lead

?Lcompounds, in the dusty lead trades, the quantity of lead in faecal samples is
i;indicative of the megnitude of the lead exposure. It rmst not be supposed that
‘isuch alimentary lead is due %0 lead absorption and a resultant lead excretion,
'; (n tke contrary, it is chiefly the result of swallowing lecsd with the secretions
:E from the unper respiratory tract. It is clear, therefore, that in the lead
'*f;trades, the lead content of the faeces fails to yield information as to lead
é[absorption. This is equally true in the case of persons outside the lead
fF‘hades. Here also, the faeczl excretion is a measure of the ingestion of lead
"ith food materials, The greater proportion of such ingested lead passes

4 through the alimentary tract unabsorbed.

It is not within the scope of this report té present the experimental
¥ ‘Vidence which has established these facts. Nevertheless, one series of ob-

3 Wrvations which illustrate the facts may be described on account of its direct

'lation to the main problem of this report.

S DE 0017881



Summary of Mean Values of Age, Systolic Blood Pressurz, Haemoglobin, and Excretion of
Lead In Faeces and Urine, For Various Groups of Subjects.

Description of Age in Systolic Blood Haemoglobin Lead in Mgs. Lead in Mgs. Lead
Years Pressure Readings In 8ingle Per Gram Ash Por
' Subjects {Sitting) Sample of In Pacces of U
I Faecses
.
; Medical Students 22.3 125.9 89.8 0.232 0.079 0
Not Exposed to . 10,8 0.6 10.019 10.008 30
g Bthyl Gasoline
p— Examined in 1927
;; Filling Station
oo and Tank Wagon
oo Handlers Not Zx- 37.5 138.2 86.0 0.197 0.077 0
posed to Ethyl 1.8 t1,5 10,5 0.013 10,006 *0
Gasoline-Examined
in 1927
Filling Station
Attendants Exposed 4008 130.1 80.9 05258 0'087 0
to Ethyl Gasoline 11,2 1.7 0.67 %0.018 0.007 o
Examined in 1929
Tank Wagon Handlers
Expossd to Ethyl 38.6 130.4 5.0 0.360 0.120 0
Gasoline, Bxamined 1.1 1.9 20,59 30.023 10,014 1p
o 1929,
Garage Mechanics
Not Exposed to 31.12 129.8 88.0 0.235 0.131 0
Ethyl Gasoline 0.8 4.3 5.7 £0.029 0,023 10
Examined in 1927
Garage Mechanics
Exposed to Ethyl 34.3 125.7 84.5 0.379 0.131 0
Gasoline, Bxamined 10,5 10,7 t0,2¢ 0,012 19,005 )
in 1929
;:grgipﬁiléeiz 57,9 134,3 71,1 0+ 30 0.3 18
s& i, 1], .92 0.037 .014
Ethyl Gasoline 1.2 1.8 =
Barrel Fillers
Ywvranond +n o0 1 an Y Qry " oaR o B X 0N




TABLE 28

desn Values of Lead in Faeces and Urine of Filling Station Atten-
dants and Tank Wagon Handlers, Exposed to Etnyl Gasoline, BExclud-
ing A1l Besults Obtained on Persons With Other Industrial Exposure
to Lead Compounds.,

Filling Station
Attendants
Exposed to
Bthyl Gasoline

Tank Wagon
Hundlers
Bxposed to
Ethyl Gasoline

Combined

Filling Station Attendants

and

Tenk Wagon Handlers

Lead in Xilligrams In

Single Sample of Faeces 0.338 £ 0,043 0.277 t 0.035 0.336 * 0.030
Lead in Milligrams Per
q sram Ash in Peeces 0.069 ¥ 0,009 0.116 ¥ 0.024 0.086 % 0.011
:f Lead in Hilligrams Per
Liter of Urine 0.063 % 0.009 0.063 % 0.010 0.065 % 0.007
Tumber of Subjects 19 15 34

- KE 0017883
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TABLE 29

Showing Lack of Correlation Between Duration of Erpioyment of
Garage lechzmics znd Lead Excrestion, and Turation of Exposure
to Ethyl Gasoline and Lszd Excretion.

Factors Correlated Correlation Coefficients

Length of Continuous Service 23 Garage Mechanic with
Lead in Faeces in Milligrams per Gram of Ash. +0,017 T 0.056

Length of Continuous Service as Garage Mechanic with
Lead in Urine in Milligrams per Liter +0.023 £ 0,055

Length of Exposure to Ethyl Gasoline as Garage Mechanic
With Lead in Faeces in Milligrams per Gram of Ash +0.223 £ 0,099

Length of Exposure to Zthyl Gasoline as Garage Mechanic
With Lead in Urine in 1illigrams per Liter +0.243 t 0,099

- KE 0017884
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TABLE 30

Distribution of Identical Subjects For the Yesrs 1927 and 1929
According to Milligrams of Lead Found in Paeces,

illigrams of Lead Filling Station Attendants Tarnk Wagon Handlers
Psr Sample of Paeces Exposed to Ethyl Gasoline Exposed to Ethyl Gasoline
1927 1929 1927 1929
Number g Tumber % Nurber % Number
0 - 0.079 1 5 3 15 2 1
2,08 - 0,159 6 30 3 15 3 17+ 2 12
2.16 - 0,239 2 10. 8 40 4 23+ 3 17 +
Je2& - 0,319 3 15 3 17+ 3 17 +
0,32 = 04399 2 10 3 15 2 12 1
0,40 - 0,479 1 5 1 5 3 17+ 3 7+
0.48 -~ 0,559 1 5 1
0,86 - 0,639 2 10 1l 5 b 12 1
0.64 - 0,719 1 5
0,72 = 0.799
2,80 - 0.879
0.88 - 0,359
0,96 - 1.039 1%
1.83 1= 5
5.10 1=* 5
Total 20 | 100 20 100 17 100 17| 100
% Vean 0.280 0.236 0.308 0.402%*
] Probable Zrror of Mean *0.030 10,023 0,025 +0.036
Standard Deviation 0.187 04153 0.150 0,218

*EBxcluded in calculation of mean.

**With exclusion of single high result, the mean becomes 0.365 £ 0.028
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Distribution of Identical Subjects for the Years 1927 and 1929
According to Milligrams o0f Lead Per Gram Ash in the Faeces

TABLE 31

64.

Yilligrams of Lead

Pilling Station Attendants
Bxposed to Ethyl Gasoline

Tank Wagon Handlers
Exposed to Ethyl Gasoline

Per Gram o0Z Ash
1927 1929 1927 1929
Fumber A Tumber 7 Munber 9 Fumber A
0 - 0,039 2 10 1 5 1 6 7 41
0.0& - 0,079 5 25 K 35 4 23+ 2 12
.08 - 0,119 5 25 6 30 5 30 3 17
2.12 - 0,159 3 15 3 15 4 23+ 2 iz
C.16 - 0.199 1 5 1 5 3 17 1 6
C.20 -~ 0,239 1 5 1 6
J.24 - CL273 1 5 1 5
0,23 - 0.319
0.32 - €, 3259
0.36 - 0,399
Cad0 -~ 0,439 1 5
0.44 -~ 0,479
0.57 1 6
0.64 1= 5 |
1,36 1=* 5
Total 20 100 20 100 17 100 17 100
Mean 0.118 0.106 0.109 0.142%=
Probable Error of
Yean *0.015 +0,009 *0,008 +0,019
Standard Deviation 0.093 0.058 0,047 0,117

*Excluded in calculation of mean.

**With exclusion of single high result the mean becomes 0,118 - 0,010
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TABLE 32 85
Distribtution of Identical Subjects for the Years 1927 and 1929
According to Milligrams of Lead Per Liter of Urine
of Lead Filling Station Attendants Tanlz Wegon Handlers
of Urine Exposed to Bthyl Gasoline Exposed to Ethyl Gasoline
3 1927 1929 1927 1929
;j Number 4 Number Z Tumber 4 Furber 4
0 - 0.039 3 11 7 27~ 6 25
0,04 - 0,079 9 35 7 27-> 10 42 11 46
.08 - 0.11%9 < 23 9 35 5 21 ) 2 8+
2,12 - 0,159 3 11 0 0 3 11+ 1 4+
e .16 - 0,199 1 4 1 4 1 4+ 1 4+
*" 0,20 ~ 0.239 2 8 1 4
5,24 ~ 0.279 1 4+
C.28 - 0,319
e .32 - 0,359 1 4+ 1 4+
é; C.36 - 0.399 1 4+
3 040 -~ 0,439 1 4+
c.58 1 4
0.87 1 4 1 4+
1.00 1 4
4,00 -+ 2* 8+
Total 26 100 26 1C0 24 100 24 100
3 Xean 0.14z2 0.111 0.129 0.115%»
4 rrovable mrror of :
Yean £0,024 *0,025 0,015 £0.024
Standard Deviation 0.180 0.188 0.1086 0.173
*Bxcluded in caleulation of mean

**lfean drops to 0.083 - 0.1l when one result of 0.87 milligrams is excluded.
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TABLE 33

66,

Summary of Mean Values of Lead Found in Samples of Feeces, of Lead
In Milligrams per Gram of Ash in Faeces, and of Lead in Milligrams
Per Liter of Urine for ldentical Subjects Exemined in 1927 and 1929.

Filling Station Tank Wagon Combined
Attendants Handlers Filling station Attendants
Exposed to BExposed to and
Ethyl Gasoline Ethyl Gasoline Tank Wagon Handlers
1927 1929 1927 1929 1927 1929
ezd in Milligrams in 0.280 0.236 0,308 0.402 0.294 0.312
Ssingle Sample of Faeces | 0,030 |%0,023 £0,025 *0,036 *0,019 x0,022
lezd in yilligrams Per 0.118 0.1C6 0.109 0.142 0.114 0.124
Sram Ash in Faeces 10,015 |%0,009 0,008 0,019 20,008 20.011
Lead in Milligrams per 0.142 0,111 0.129 0.115 0.136 0.113
Liter of Urine X0.,024 |%0,025 10,015 0,024 £0.015 0,017
Tumter 07 Subjects 26 26 24 24 50 50

L N
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67.

n 1931 we made use of a new method of spproach ¢to the problem
n from exposure to Ethyl Gasoline. Having recognized the fac-
ition with food, it became impossible to ignore it in further
Accordingly, through suitable arrangement with & gasoline
any, we were able to obtain two healthy young men for observaw-
iderstanding that they would be employed as filling station at-
ronclusion of certain preliminary studies. The two subj_ects

us experience in the handling of gasoline, nor had they en-

geged in the repair of automobiles. They had had no occupational exposure to
lsad commounds. In fact, they had but recently finished school and were seek-
ing steady employment for the first time. Physical examination showed them
%0 te in good health, They were intelligent and cooperative.,
For four months these subjects were kept under observation at the
laboratory. During this period a duplicate sample of every article of food
;' and drink consumed was provided by sach subject. Such items were combined
Into twenty-four hour composite samples, and were stored in chemically clean
Containers until they could be snalyzed., Xach subject also collected twenty-
four hour samples of his faeces and forty-eight hour and seventy-two hour
samples of his urine. {The number of samples of ezch week were divided into
two forty~eight hour samples and one seventy~two hour sample.) At the end
0f the four month period, the men were employed at £illing stations, where
thejr engaged in the usual routine of their occupation. The stetions at which

they were employed were large, and were so situated as to serve & large

. s o e L L gk Sk N
e e e A bR A R A T B Fio st St

Clienteles Each man was employed at three different stations, at each of
whiech the sale of Ethyl Gasoline constituted not less than thirty-five per-

cent of the %total gasoline business. Every effort was rede to see that a
*i-
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representative Ethyl Gasoline exposure was provided. o unusual precauntions
were taken against skin contact with gasoline, greases, or discarded crank-case
0ile AS 2 means of avoiding contamination of the samples for anzlysis, the men
were advised to wash thelr hands before handling the containers. Such samples
were collected in the manner previously described. The observations were con-
tinued for another four months period.

The results of these observations are shown in Tables 34 to 39 inclu-
sive. The analyses of the faecal samples of one subject, 2nd of the food
szmples 0f both, for the period of exposure have not been completed at present
tut the available results are sufficient for present purposese.

If attention is directed first to the data of the control period it
may be seen that the mean daily lead content of the food of the subjects is
elmost equivalent to the mean dz=ily faecal excretion. When the minute daily
output of lead in the urine is appreciated it is clear that the lead in the
faeces is almost wholly due to the daily ingestion of ®od which contains lezd,
Moreover, there is a wide variation in the daily inteke of lead, in correspond-
ence with the variation in the daily excretion of leazd in the faeces. The
recognition of these facts carries with it the certainty thet the foecal lead
cannot be regarded as a2 suitable criterion of the rate of lezd excretion from
the body tissues.

Comparison of the findings of the control period with those 0f the
period of exposure to Ethyl Gasoline discloses the fact that no evidence of
appreciable occunational lead exposure or lead absorption can be found. It is
apparent that the exposure to lead associated with the dzily dispensing of
Ethyl Gasoline, and with the inhalation of the exhaust gases of the automobiles

0of the numerous patrons of 2 large filling station, is so slight that it cannot

be measured.

- e NNAN1T™YO0ONND

68.




Distribution of the Daily Food Samples of Two Normal Subjects,

TABLE 3L

During a Control Period of Observation, According to Lead Content

69,

dllizrems of Lead Subject H Subjeot M Both Subjects
-0.04 17 13 30
1505-0.09 29 23 52
110=0, 11y 23 21 Ll
215-0419 1, 17 31
2%20-042); 12 17 29
%25=0,29 ) 7 13
3003 1 5 3
00350439 2 2 L
30.40-0.00; 1 2 3
‘ 015-0.1,9 2 2
30,56-0.5L L 2 3
30.55-0,59
Jo0-0.60 1 1
0,65-0.,49
Jo0-0.71 1 1
Jtota1 111 111 222
1 tean 0,155 0.168 0.161
Probable
ﬁi:-ﬁ;r ot 10,008 30,007 ¥v.006
J?;:?i:::n To0.132 10.113 30,123 .
{
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TABIE 35 70.

Distribution of Daily Faecal Samples of Two Normal Subjects
During a Control Perlod of Observation, According to Lead Content

Milligrams of Lead Subject H Subject M Both Subjeots
0 =0.07 17 28 55
0.08-0,15 20 19 L9
0,16=0,23 28 28 56
0.2,=0,31 20 ’ 15 35
0.32-0.39 13 L 17
0.]10-0.17 5 9 11
0.18-0,55 7 8 15
0456=0463 1 1 2
0.50-0,71 1 1 2
0.72=0.79 2 2

¥4 0.80-0.87

‘ 0,880,495 1 1

0.96- 1 1 2

4 rotals 123 127 250

1 oan 0.239 0,220 0,224

« Probable

F Error of

| Yean 10,013 10,012 20,008

:, tendard :

i Deviation ¥0.201 Yo,190 20,197




TABLE 36 1.

Distribution of Forty-eight~hour and Seventy-two-hour Samples of

Urins of Pwo Normal Subjects, During a Control Period of Observea-
tion te Ethyl Gasoline, According to Lead Content.

Milligrems of Lead Subject H Subject M
1,8 Hours 72 Hours L8 Hours 72 Hours
0 11 3 L 1
0.01 3 2 1
0.02 ' 2
0403 3 L 3
0,0l 1 2 ) 1
0,05 1 2
0,06 2 1 3
0.07 2 7 1
0,08 2 8 3
0,09 3 1 1 1
| 0410 5 2 1 1
}_ 0.11 2 1 1
i 0,12 1 1 1
i 0.13 1
3_ 0.1, 1 1 2
L 0.15 1
1 0.16 2 2
fi_ 0.17 ‘
\M 0.18 1
| Totals 36 18 26 18
‘:'y
| Yoen 0,053 0.071 0.08s 0,097
& Z°§Z§i" Brror $o0.005 £0,009 0,004
__ Stendard Deviation %o,0l); 0,055 10,032
Average for 2 Hours 0,025 . 0.032




TABLE 37 72,

Distribution of the Dally Faecal Samples of One Normal Subjeoct
During & Period of Exposure to Ethyl Gesoline, According to
Lead Content

Milligrems of Lead F Subject M
0  =0.07 38
0.08-0.15 21
0.16-0.23 v 21
0.24-0.31 | 12
0432-C429 7
0e1:0=041:7 L
0.1:8-0,55 2
0e56-0463 n
0,8;=0,71 1
0472-0479
0.80-0,87 1
0eB8=0495
0496~1,03
1404-1e11 1
— Totals 122
— Mean ' 0,190
Probable Error ' N
- of Mean =-0,011
— Stendard Deviation 20,179
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TABLE 38

Distribution of Forty-sight-hour and Seventy-two-hour Samples
of Urine of Two Normal Subjects, During a Period of Exposure
to Ethyl Gasoline, According to Lead Content

73.

11ligrems of Lead Subject H Subject M
L8 Hours 72 Hours 58 Hours 72 Hours
0 L 1 3
0,01 3 2
0.02 3 1 b 3
0.0% 1 1 2
0.0l L 3 1
0,05 3 1 2 2
0.06 1 2 6 3
0.07 1 2 5 3
0,08 1 2 1
0,09 8 3 1
0,10 2 3
0.11 1 1 2
t I 0.12 1 2
- 0.13 1 3
__‘ 0.1l 1 1
i__ Totals 3l 18 3}, 18
f\_ Yean 0,061 0,079 0,051 0.081
. 30:42::119 Frer £0.00, %0.006 0,003 20,006
1_ Stendard Deviation 10.039 £0,0%3 0,029 “Co.0l1
Average for 2l Houra 04028 0.026
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TABLE 59

Summary of Mean Amounts of Leed Found in Daily
Samples of Food, Faeces and Urine of Two Subjects

During a Control Period and During a Period of
Exposure to Ethyl Gasoline.

J—

Mean Daily Lead Content of Food

Mean Daily Lead in Faeces

Mean Daily L

Subject
Control Pd. Exposure Pd. Control Pd. [Exposure Pd. Control Pd.
H 0.155 Incomplete 0.239 Incomplete 0.025
H 0.168 Incomplete 0.220 0.19 0,032
Both 0.161 Incomplete 0.224 0.028 *
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5. Summary

(1) The manufacture of tetraethyl lead and the preparation of Ethyl
Gasoline involve definite occupational hazards, but means of control

nave been such that no cases of lead poisoning havs occurred in}these

plants for a period of years.

(2) The possible hazards involved in the distribution and use of Ethyl
Gasoline would be expected to be of a different order of magnitude from
those which occur in the manufacturing processes, since the high dilution

of tetraethyl lead with gasoline greatly modifies its toxicological
characteristics. In accordance with these expectations no cases of lead
poisoning are known to have occurred from exposure to Ethyl Gasoline,
despite the fact that no means for the application of precautionary measures
against exposure could be developed among the large numbers of unsupervised
garage mechanics and filling station attendants.

(3) An experimental study in 1929-30, carried out on a group of men rep-
resenting the severest known exposure to Ethyl Gasoline and its combustion
products, shows an agreement with earlier investigations, in that no evi-
dence of lead absorption, as a consequence of the exposure, has been obtained,

when comparisons of this group 1s made with corresponding groups of unex-
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(4) A group of men who heve been exposed to Ethyl Gasoline, contimuously,
over a period of years, show no increase in their lead absorption, as
peasured by their lead excretion, over that of the same individuals two

years previously.

;?(5) A group of workmen with an intense skin exposure to Ethyl Gasoline

§ fziled to show evidences of increased lead absorption after a period of
six months of such exposure.

4 (6) Two individuals vwho were under observation for four months, during
‘;;which duplicate samples of their food, as well as their excreta, were

§ analyzed, excreted a total amount of lead which was little greater than
that found in their food. During a similar four months period, in which
they were exposed to Ethyl Gasoline and its combustion products, no change

in their rate of lead excretion was detected.

..... . RE 0017898




6. Conclusions

marther examination of the possibilities qf denger to the public

pealth from the distribution and use of Ethyl Gasoline in the United States
ies failed to yield evidence of the existence of such dangers. The study of
grouns of persons whose occupationsrhave magnified thelir exposure to a point
4vell above that which is possible in the general population, has given no rea-
;son to believe that appreciable lead absorption results from the combination
iof lead exposures which have been hypothecated.
Danger from absorbing lead through the skin through contact with Ethyl
Gesoline may now be said to be non-existent. The crucial observations under
'conditions of humen exposure agree with previous facts ascertained by animal
exverimentation,
Lead absorption from the inhalation of finely divided lead compounds
in the exhaust gas of automobiles using Ethyl Gasoline, has not been shown to
i be appreciable. Garage mechanics, chosen by reason of the intensity and dura-
tion of their exposure to such exhsust gases, showed no signs of lead absorption.
The specific criterion employed for the detection of lead absorption,
namely, evideﬁce of increased lead excretion, has been found to have & high
i degree of sensitivity, even for short periods of exposure. Since the subjects
employed in this investigation have had exposures ranging from one to six years,
continuously, the absence of signs of lead absorption meens that no significant
lezd exposure existed. |
With the observation that the lead which 1s excreted by normal human
beings is derived largely from food materials, it becomes apparent that the mag-
nitude of this factor in lead absorption may be sufficient to mask the effects
due to the use of Bthyl Gasoline. IZf this be trus, the insignificance of the

contribution made to the lead absorption of the community, by the advent of

77
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#hyl Gasoline, {s thereby established. Moreover, an attempt to measure the

#hyl Gasoline factor in lead absorption, while controlling the food factor,

ps resulted in failure. The conclusion is inescapable that lead abscrption In

fine comrmnity, as the result of the distribution of Ethyl Gasoline, is insig-

pificant,.
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Appendix 1

Lead and Ethyl Fluid

The dangers assoclated with the manufacture of tetraethyl lead have
been controlled through the joint application of engineering and medicel know-
ledge. It has been possible to design essentially closed systems for the Pro-
duction, distillation, purification and storage of tetraethyl lead; to handle
sludge, to reclaim the residual lead after the completion of the reaction; to
miz the tetraethyl lead with the other ingredients of tetraethyl lead; and to
fill suitable containers in preperation for shipment by rail or water. wWith
sound toxicologicel information available it hes proven to be feasible to use
ventilating equipment in such a way as to maintain a safe atmosphere in work-
rooms, despite the occurrence of locelized air contamination with lead com-
pounds, incident to daily operation of the plant. Constant supervision of
plant activities is maintained for the sake of safety as well as productivity.
An exact technique for every operation is prescribed, with due regard to
safety., In addition to these measures, every person who is employed in any
vart of the plant area is under medicel supervision. FEach worlman is seen by
g physician every week, and in case of absence from work by reason of any kind
of illness, investigation of the character of the illness is made promptly.
Blood exsminations, including an erythrocyte count, haemoglobin determination
and the examination of a2 film for stippling of erythrocytes, are carried out
every third week. Measurement of the lead concentration in the air of various
parts of the plant are made in such a way that the entire plant is thus in-
vestigated quarterly. As a further check on the plant conditions the lead
excretion of representative groups of workmen is determined at quarterly in-
terials.

During a period of six years in vhich such a regime s been in
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@ffeot, there have been no cases of lead poisoning among the workmen. 3ore-
jver. no workmen hes been removed from his employment by reason of symptoms of
imnending lead intoxication. In a few instances, ﬁen without symptoms have
shown an increase in basophilic stivpling or some other sign which may have
teen due to absorption of lead, whersupon they have been transferred to posi-
tions which involved little or no lesd exposure, eilther temporarily or permesnent-
lys The labor turnover has been very small, however, so that most of the worke
nen have been employed at the same type of work for four to six years. The
physical character of the plant is such that men engaged in specific parts of
the operation are sharply segregated from each other, XExcepting the general
suvervisors, who spend variable periods of time in a2ll parts of the plant,

and also the staff of men who carry out meaintenance and repair of equipment,
the workmen can be grouped in accordance with their specific occupations.

The above circumstances have provided an opnortunity for prolonged
study of the lead excretion (and stippling of the erythrocytes) of groups of
workmen who are representative of the cross-sectional lead hazards of the
iplant. The conditions &8s to lead exposure have not remeined c¢onstant during
?the veriod of such observations. As potential hazards have been recognized

they have been eliminated or reduced. To this extent the combination of all

;the results for the past five years does not give an exact picture of present
gconditions. On the other hand, the number of subjects used at one time was

- @necessarily small, so that repeated observations over the entire period re-
‘veal the situation most satisfactorily. Several representatives of each type

{
0f work were selected as characteristic subjects. OQbservations on the same

lubjects have been repeated querterly so that the number of items recorded in
the data represent the total number of observations.

It is not necessary for present purposes to describe the operation

-
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¢f the plant in detail. The general nature of the procedure is indicated in
ths following classification of the workmen:

(1) Eandlers of a lead-sodium alloy, made by heating lead and sodium
in a melting pot; (The alloy is made, poured, cooled, ground to suitable size,
and weighed into hoppers, by these workmen, )

{2) Autoclave operators, who introduce ths alloy intc the autoclave
without coming into contact with it, and who tend the autoclaves durlng the re-
action whereby tetraethyl lead 1s produced;

{3) still operators, who regulate the distillation of tetraethyl lezd
from the reaction mixture and residue;

{4) Furnace operators, who reclaim unused lead from the sludge by a
melting process;

(5) Blenders, who take-the finished product, tetraethyl lezd, and
mix it with other ingredients, to prepare a fluid which ultimately is to be in-
troduced into gesoline;

(6} 1aboratory workers, whose analyses of alloy, sludge and finished
preduct provide information for control of the manufacturing operations; and

(7) Foremen, who supervise the various operations,

The exposure is of two types, essentially, - that occasioned by lead
dusts, and that arising from the escape of tetraethyl lead vapors. The re-
spiratory channel alone is of practical importance, in the absorption of lead,
under the present plént conditionss The furnace operators and the alloy
workers have little or no exposure to tetraethyl lead vapors. (n the other
hand the still operators, the blenders and the laboratory workers are not ex-
posed to dusts. The hazards of autoclave operators are éhiefly from vapor,
but the possibility of dust inhalation cannot be entirely ignored. The fore-
men move about from place to place but they spend their emtire time in the

plant. They are subject to-all the possibilities of exposure in the entire

. Y. Y . .Y
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A% rlant, to a considerable degree. The other groups are 1imited to the exposure
¢heracteristic of their own ooccupation and area,

In accordance with the above facts a series of tables has been con-
structed in vhich the groups of workers with related exposures are handled %o~
gether, so far as possible. Tables 40 4, 41 A, and 42 A present the analyti-
cal findings for the still operators, autoclave operators, blenders and labora-
tory workers, while Tables 40 B, 41 B and 42 B give the findings for the furnace
operators, the alloy workers, the foremen, &nd for the entire group in cross-
section. The results shown in these tables are clearly different from those
which have been obtalned on workmen in dusty lead trades. Indeed, the lezd
exposure of the laboratory group falls within normal limits, as judged by lead
excretion, The number of observations, in the case of this group is too small
to produce any appreciable effect upon the composite group, so that the mean
values for the latter may be taken as properly representative of conditions of
exposure in the plant,

(ne other matter of importance is suggested in the relationship be-
tween the mean urinary excretion and the mean faecal content, for certain
groups. IZ2 we employ the concept that faecal lead content is 2 measure of 6x-
vosure to lead compounds, it would appear that the exposure of the furnace
operators is approximately equivalent to that of the still‘operators. Yet the
uarinary excretion of the former group 1is significantly small as compared to
that of the latter. This may be due to the large variability inherent in a
limited number of observations, but 1t seems more probable that it is an ex-~
pression of the difference in the physlologlcal activity of different lead come-
pounds. Tetraethyl lead vapor 1s readlly absorbed, whereas particulate
metallic lead and lead oxide are doubtless absorbed more slowly from the lung

surfaces. This may explain why the stillmen, exposed only to tetraethyl lead
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Distribution of Workers in the Manufacbure of Tetraethyl Lead

TABLE 40 A

According to Lead in a Single Sample of Faeces

Lead in

i of Faeces

Milligrams
per Sample

Still Operators

Autoclave
Opsrators

Blend ars

Laboratory
Vorkers

0 -0.09

n

0.10-0.19

1 0,20-0,29

0.30-0,3%9

e e 8

!
1
i 0.50-0.49

! 0.50-0,59

(WIS CVR NI TR T

0.60-0.69

[ 2 AN B Sl A\ VI § o P el £ M)

0470=0,72

N N W A3 ] I (]

]

0,80=0,82

0090’0c99

1.00-1.09

1.10-1.19

1,20~

6%

__Totaels

37

26

18

|
i
S——

i Mean

0.51

0.5

0.39

0,154

‘;\-—‘
! Protable
Error of

.03

Yo,0l

Ef

Ol

0,02

Mean

42 Stendard

*0.25

*0.71

0,26

0408

 Devietion

1/ AN AM™MAND

. *Excluded in Calculetion of Means

#Calculated on Wider Distribution




TABLE 41 A 86.

Distribution of Workers in the Manufactoring of Tetraethyl Lead
According to Milligrems of Lead Per Gram Ash of Faeces

p—

ligrams of 1eac4 Still Operators Autoclave Operators Blenders Laboratory Workers

r CGran of Ash Number | Percentagd Number] Percentage |Number| Percentage | Number| Percentage

0 -0.04 3 11.5

0,05-0.03 8 21.6 S 19.2 . S 7.8 5 41.7

0.10-0.14 10 27.1 8 30.7 5 27.8 6 50.0

0,15-0.18 7 18.9 3 11.8 4 &R 2 1 8.3

0.2C-0.24 8 21.6 1 3.9
i

0.25-0.22 1l.5 1 5.5

(923

5.4

™

4

10,50-0.24 2 11.1

i

0,85-0.533 1 2.7

]
§0.40—O.44

i,

10,45-0.49

-

10.50-0.84 1 2.7 1 5.9

e ristidi
f=l

+55-0.59 1 3.9

|

R
{an)

+£C-0.€4 1 5.5

f

RS §

:0.65-0.€9

WIFPRY

10.7C-0.74

FREE R

0.75-0.72

:

10,60-0.84 1 * 5.2

JETERUIW PN

10.85-0.83

ik

10.20-0.94

1lotals 37 100.01 26 100.0 18 100.0 12 100.0

FERN
AR
e

Allean 0.172 0.185 0.181 0.112®

3 Probable Error +
3L lean = 0.010 -4 _*0.018 £0.021 *0.007

{ Standard
Leviation ¥ 0.020 +0.134 *0.133 + 0.037

RPN

#* Excluded in Calculation of Mean
@ Calculeted on wider Distribution



vapor from day to day show a higher rate of lead excretion in the urine than do
the furnace operators. This explanation gains in plausibility when it is ob-
served that all the groups exposed chiefly to tetraethyl lead vapors (excluding
the essentially unexposed laboratory workers} have & higher rate of urinary ex-
sretion, in proportion to their faecal output, than do the groups exposed to
lead dusts.

In the matter of stippling of the erythrocytes, as shown in Tables
13 A and 43 B, we fail to find a differentiation of the workers in this plant.
}rom thisg alone, it is perfectly clear that though stippling may bve a valuable
Indication of the occurrence of lead absorption, the number of stippled cells
tannot be employed as a criterion in making fine distinctions as fo the magni-

fude of lead exposure and lead absorption.
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Distribution of Workers in the Manufacture of Tetraethyl Lead

TABLE 42 A

According to Milligrams of Lead Per Liter of Urine

87,

1ligrams of Lead | Still Operators | Autoclave Operators Blenders Laboratory Workers
r Liter of Urine )
0~0.03 1 2 5
%-0.07 S < 2 8
18-0.11 2 4 4
12-0.15 8 4 5 1
16-0.19 4 4 1
20-0.23 5 2 3
26-5.27 4 2
28-0.31
3£-0,35 3 1
36-0.323 1 1
$0-0.43 1
4-0.47 2 1
i8-0,51
8-0.55
$8-0.59
80-0.083
#4-0.67
tals 38 25 17 12
‘tn\ 0.198 0.146 0.151 0.05
}"’bable Error
Yean t0.014 *0.105 +0,010 0.006
:lndard
Yation +0.120 £0.108 £0.060 +0.021 )
- NE 00179naq



TLBLE 40 B gs.

Distribution of Workers in the Manufacture of Tetraethyl Lead
According to Lead in & Single Sample of Faeces

Leed in

¥i11ligrams
rer Sample
of Feaeces

Furnaoe
Operators

Alloy
Vorkers

Foremaen

Cambined
Groups

0  ~0.09

0,10-0.12

28

0.20-0,29

=

25

0430-0.%9

25

0e:0-0,19

RN NV

[ AN LB f vaul AV T AN ]

15

0.£0-0.59

-

15

0.60-0,69

0070“0~79

[ SN (S YIRS £ \VIR (CTRN Vs TN SNCRES BN B N

0,80=0,89

N o N

0690=0,99

1400e1,09

1010-1019

SN \CT I AN

1.20-

L

L*

2%

17*

Totals

18

23

36

170

—

1

Mean

0,38

04.3hL

O-h18

Probable
Zrror of
Mean

¥0.06

0.0,

0,02

+0.01

Stendard

Deviation

30,26

10.26

¥0.19

to.061

*Excluded in Calculation of Mean

These oonsist of 13 widely soattered results fram 1,20 to 2,50, and i results from

3,00 to 5.00.

Ty r

.. . V.S

Including all results except the last four, the mean for the combined
groups is 0.504 mg. £0.023, with a Standard Deviation of O.LL6.




Distribution of Vorkers in the Manufacture of Tetraethyl Lead

TABLE 41 B

According to Milligrams of Lead Per Gram Ash of TFaeces

89,

Liligrams of Furnace Operators £lloy Workers Foremen Combined Groups
wead per Gram
if ssh Ho. i % No. | % No. 4 No. %
0-0.04 4 17.4 1 2.8 8 4.7
1.05-0.03 3 16.7 3 2.0 9 25.C 38 22.3
10-0.14 4 22.2 7 30.4 11 30.6 51 30.0
.15-0.19 3 16.7 1 4.4 9 25.0 28 16.5
}.20-0.24 1 5.5 5 13.0 2 5.5 | 15 8.8
0. 25-0.23 2 11.1 2 5.5 10 5.9
3.30-C.24 2 8.7 1 2.8 5 2.9
2.25-0.29 1 5.5 2 1.2
2.£0-0.44 1 4.4 1 0.6
0.45-0.49 -
3.50-0.54% 2 8.7 4 2.5
2.£5-0.53 1 0.6
0.50-D.684 2 * 13.1 3 1.8
0.85-0.639
9.70-0.74 e
0.75-0.72 —_
0.%6-0.5%4 1 0.6
0.85-0.33 1 2.8 1 0.6
0.90-0.94 2 * 11.1 2 1.2
Jotals 18 100.0 23 100.0 Z6 100.0 170 100.0
dean 0.201 0.2 0.185 ® _ _
Probgble Error )
of Meun *0.017 0,007 %0.003
Siandard Deviation t0.158 *0.065 ‘1'0.136

¥ Ixeluded in calculation of lean

® Excluding the last twelve aberrant resulis the mean is 0.147% 0.004, with a Standard
Deviation of 0.078.
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Distribution of Workers in the Manufacture of Teiraethyl Lead

TABLE 42 B

According to Milligrams of Lead per Liter of Urine

90.

¥illigrams of Furnace Operators Alloy Workers Foreuen Combined Gooups __
Lead per Liter |
of Urine
0-0.03 4 9 21
0.04-0.07 4 10 9 42
0.08-0.11 4 7 7 28
0.12-0.15 ) 3 1 3 25
0.16-C,13 1 1 4 15
0.20-04/23 2 12
0,24-0.27 1 1 8
0.28-0.31 1 1 2 .
0.32-0.35 4
0.25-0.39 2
0.40-0.42 1
0.44-0.47 3
0,48-0.51
0.52-0.55 1 1
0.56-0.59 1 1%
0.60-0.63
0.04-0.67
Jotals 17 24 34 165
Jean 0.140 0.074 0,092 0.123
Probable Error
Of Mean 0,012 *9.005 *0.008 +0.005
Standard
Qeviation *0.073 $0.038 10.070 *0.098

*  Ixcluded in calculation of means.

K E
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Distribution of Workers in the Manufacture of Tetraethyl ILead

TABIE 43 A

According to Stippling of Erythrocytes

Nurber of Still Operators | Autoclave Operators Blendgrs Leboratory Workers
Stippled Cells
per 50 Field
0 6 7 3 3
1-4 10 7 3 3
5-8 3 3 4
9-12 3 2 1
Z-16 2 1 1 2
17-20 6 1 1 1
21-30 3 1 2 1
31-40 3 1 1 1
41-80 1 1 1
61-80 1 1
85
94
_ 97
- 146
Totals 57 25 17 12
leen 12.64 © 10.21 & 15,5'3 11.59 ©®
vProbable Error
of Heens +1.32 11,87 +o.27 t2,37
%Standard
Deviation *11.88 112,62 *135.85 +11.54

D Means calculated on even distribution.

1} ¢
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TABLE 43 B

Distribution of Workers in the Manufacture of Telraethyl Lead
According to Stippling of Exythrocytes

92,

wrber of Furnace Operators Alloy Workers Foremen Combined Groups
wippled Cells
er 50 Fields
0 2 5 10 36 ~
1-4 8 12 10 53 )
5-8 1 5 16 =
3-12 2 3 11 n
22-16 3 1 10
17-20 9
21-30 2 3 12 5
31-40 1 3 10 _
41-80 1 1 S
61-80 1 * 3
85 1 % 1 +# ]
94 1 1 *
97 1 1 s
146 1 3 1 % _
Toteals 18 24 36 169 §
Ban 10.83 @ 8.54 @ 8.95 ® 10,77 ®
Tobable Error
{ Mean t2.34 1.8 £1.39 %0.68
tandard
sviation £14.72 113.15 +11.51 412,93

* Excluded in Celculation of Means

® Means Calculated on even distribution.
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TABLE 44 3%

Distribution of Workmen Employed in Mixing Tetraethyl Lead with
Gasoline According to Lead in = Single Sanmple of Faeces

Lead in 1927 1929 1931 Camposite
¥$1ligranms
per Sample
of Faeces ) Y T

Number % Number % Number % Number A

0 =0,09 16 i 3 75 7 15.2 26 2143
0.10-0,19 7 19.4 11 2745 10 21,7 28 23,0
0.20-0,29 5 13,9 9 22.5 9 19,6 | 23 18.8
0.30=0439 3 8e3 6 15,0 5 10,9 1, 11.5
0.,1:0=0.19 2 546 L 10,0 L 847 10 8.2
0.50~0459 1 2.8 L 10,0 L 8.7 9 ysn
0.60-0.69 2 540 3 645 5 Lel
0.70-0.79 1 2.2 1 0.8
0.,80-0,89
0490 2% S5eb 1* 245 3% 6.5 &+ L9
Totals 36 100.0 Lo 1.00,0 L6 100.0 122 100,0
Mean ' 0.20 0.29 0.29 0426l
Probable

gf‘:;ﬁr of to,02 t0.02 $0.02 +0.011

¥SDZ$::§?m 10,19 *0.16 *0.19 $0.176

*Excluded in Caloulation of Means

- Vr Fa W0 B Y.



TABLE 45

94.

Distribution of Workmen Employed in Mixing Tetraethyl Lead with Gasoline
According to Milligrams of Lead per Gram Ash of Taeces

$1ligram of 1927 1929 1931 Composite

ead per Gran

f ish No. % No. % No. % No. %
0-0.02 14 38.9 3 7.5 5 10.8 22 18.1

.05-0.05 10 27.8 12 | 30.0 13 28.3 55 28.7

.06-0.08 4 11.1 10 25.0 14 30.4 28 23.0

.02-0.11 4 11.1 8 20.0. 9 19.6 21 17.2

.12-0.14 1 2.8 4 8.7 5 4.1

15-0.17 1 2.5 1 0.8

.18-0.20 2 5.0 2 1.6
21-0.23 1 2.8 1 2.5 2 1.6

.24-.28 1 2.5 1 0.8

27-0.29

z0- 2 % 5.5 2 ¥ 5.0 1%| 2.0 5 % 4.1

sals 36 100.0 40 | 100.0 46 100.0 122 100.0

an 0.051 0.084 0.070 0.070

obeble Error

{ Mean 10.004 *0,c06 10.004 *0.003

tendard

wiation $0.035 10.056 10.0z8 *0.047

- 1) -

rYw.SWe. r.uwrew.n

¥ Excluded in Calculation of Means



TABLE 46

95.

Distribution of Vorkmen Fmployed in Mixing Tetraethyl Lesd with Gasoline
ALccording to Milligrems of Lead per Liter of Urine

villigrams of 1927 1929 1931 Composite
Leed per Liter |Number Percentage| Number | Percentage| Number { Percentage |Number (Percentage:
of_Urine

0-0.01 2 5.6 2 5.0 19 41.3 23 18.9
0.C2-0,.03 4 1.1 10 25.0 14 30.4 28 23.0
0.04~0.05 11 30.5 8 20,0 8 18.0 25 20.5
0.08-0.07 9 25.0 8 20.C P 4.2 18 15.6
0.08-0,09 4 11.31 6 15.0 1 2.2- 11 9.0
0.10-0.11 3 8.2 2 5.0 5 4.1
0.12-0.13 2 5.6 2 5.C 4 3.3
£.14-0.15 1 2.5 1 2.2 2 1.6
0.E -0.17 1 2.5 1 2.2 2 1.8
0.18-0,19 1 2.8 1 0.8
2.20 2 4.3 2 * 1.6
Totels 36 100.0 40 100.0 46 100.0 122 100.0
dean 0.068 0.0686 0.033 0.C55
Probable Error :
of HMean +0,004 +0.004 +0.003 +0.002
$tandard Devietion| ¥0.036 $0.037 $0.034 $0.039

# Two rasults 0.32 and 0.64 excluded in Calculation of Means

"KE 0017917



Distritution of Workmen Employed in Mixing Tetraethyl Lead with Gasoline

TABLE 47

According to Stippling of Erythrocytes

Compoéite B

1927 1929 To51
Number of
Stippled Cells :
rer 50 Fielcs )
0 25 67.6 17 43.5 16 34.8 58 47.5
14 10 27.0 8 20.5 13 28.2 31 25.4
5-8 2 5.4 1 2.5 7 15.2 10 2
9-12 4 10.2 5 10.9 9
13-16 3 7.7 3
17-20 1 2.6 1 2.2 2
2124 1 2.6 1 2.2 2 1.6
25-49 1 L 2.8 3 6.5 4 3.3
50-74 5 7.7 3 2.5
Totals 37 100.0 39 100.0 | 46 100.0 122 100.0
. - €
fpproximate F
vean 1.66 @ 5,06 4.40 3,79 1
i
Protable Error
of Yean *0.22 *0.67 *0.54 10,31 S
Standard
Deviation *2.02 35,88 ts.22

® Calculated on a wider distribution

KE 0017918
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TABLE 48

Summeary of Mean Values of Lead Found in Single Semples of Faeces, of Lead in Milligr
Grem of Ash in Gaeces, of Lead in Milligrams per Liter of Urine, and of Stippling of
rocytes, for Various Groups within and outside the Lead Trades

Workers in Workers in Workers in a Workers |
White Lead Electrical Storage Tetraethyl Lead in Mi
Plant Battery Manufacturing Tetreaet!
Manufaoturing Plant Plant in Ge.
Lead in Milligrems
in a Single Sample 376 ¥ 0.26 253 ¥ 0.18 0.;2 T 0.014 0426
of Faeces
Lead in Milligrams +
per Gram of Ash in 0,57 * 0432 o5 1 0.03 0,19 ¥ 0,01~ 0.07
Faeces )
Lead in Milligrams
per Liter of 0.2 ¥ 0,01 0.18 ¥ 0,01 0.13 t o0.01- 0.06
Urine
Stippled
Er;,"l;}{rccy'ces per 18,73 ¥ 1.4 9.79 ¥ 1.8 1077 ¥ o.48 379
50 Flelds
Number of
Subjects or 86 71 170 1
Observations
Significance of Associated with Associated with No oocurrence Yo oco
Leed Occurrence of Oscurrence of of Plumbism of Pl

-




The results of the foregolng observations coincide with the chemical
avidences that the manufacture of tetraethyl lead has been carried out in such
a manner as %o prevent extensive lead absorption among the plant operztors.

(n the other hand, certain groups of the workmen can be differentiated from per-
sons who are not exposed toc lead, despite the fact that the magnitude of their
lead exposure has not been sufficlent to produce symptoms 0of lead intoiication.
This fact demonstrates the sensitivity of measurements of lead excretion as a
means 02 estimating lead exposure. The extent of this sensitivity in the
general method is displayed graphically in Table 48 in Appendix 2, where a
classification of groups of subjects of variable lead exposure is made in terms

of the magnitude of their ﬁean lead excretions.

Appendix 2

The Present Status of the Hazards in the Manufacture of

Ethyl Gasoline by Mixing Ethyl Fluid with Gasoline

Since 1925 Ethyl Gasoline has been prepared at gasoline refineries
and large bulk distributing centers by means of special equipment, designed and
prescribed by the Ethyl Gasoline Corporation. Regulations for the operation of
the equipment, and for the safeguarding of the mixing personnel have been pro-
mulgated, and medical supervision of the operating persomnel has been m=intained
by the medical staff of the same corporation. There are approximately two
hundred points at which the mixing is carried out, and from one %o six men are
employed at each point to carry out all the operatlons concerned with the
handling of the materials and their containers. The opportunities for lead ex-
posure in the course of normal opsration are meagre and since mixing is not

required more frequently than once & week, such exposure is irregular in

. AN1'792n
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occurrence. Nevertheless, the potential hazards of the work are sufficient to
justify the maintenance of precise techniqus and adherence to the prescribed
precautionary measures.,

No cases of lead polsoning have occurred among these workmen, and no
person has been removed from his employment as a result of occupational lead ab-
sorption. In coincidence with this indication o2 the safety of the work, ob-
servations of the lead excretion, and of stippling of the erythrocytes of repre-
sentative groups of workmen fail to glve evidence of a significant lead absorp-
tion.

Tables 44-47 show the findings obtained from time to time in the study
0of such workmen. It is not possible to differentiate them from persons in the
normal unexposed population. |

The last table (Table 48) gives the mean results obtained in our study
of several groups of persons within the lead trades and outside the lead trades,
This table has been referred to previously, as evidence of the sensitivityvof
the method of estimating lead exposure and lead absorption, through the accurate
determination of the lead output 1n the faeces and in the urine of representa-

tive groups of exposed persons,

TKE 0017921



APPENDIX TIT

APPROXIMATE GROSS AND COMPARATIVE

SALES OF ETHYL GASOLINE

IN 1930 AND 1931

ST

1930 1931
Millions Percentage Millions Percentage
of Galse. of Ethyl of Gals. of Ethyl
of Ethyl Gasoline of Ethyl Gasoline
Gasoline to Total Gasoline to Total
1,854 11.7 1,970 12.0
AVERAGE CONCENTRATION OF TETRAETHYL
LEAD IN ETHYL GASOLINE
IN 1930 AND 1931
1930 1931

1.84 cc/gallon

- KE 0017922

1.91 cc/gallon



