


Janvary 17, 1325,
Surgeon General H. S. Cuming,
Tnited Stztes Public Eealtl Service,
Washington, D. C.
Dear}Sir:

The committee zppointed by you at the recuest of the confer-
ence held in VWashingtor May 20, 1825, was directed to present to you
"if possible by January first next, a statement as to tlie health hazards
involwved in the retail distribuwtion and general use of tetra-ethyl lecad

oline motor fuel". 4s soon as practicadble after its appointment, the
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commistee met in your ~ffice for organization and Zfor discussion of the
trocedure to be followed in carrying out its iustructions.

The members of the committee fomiliarized themselves, as far as
tossible, by conferences and by reeding, with the existing data bearing
uwpon thie subject and upon lead woisoaning in general. They had access to
122 steonographic report (Sce Public Eealtlh Bulletin lo. 153) of the ad-
iresses and JIiscussions which took place nb thie confereace of May 20, and
sutscquently they madé,a parsonal examination of the plant at Deep Woter,
o+ J. Zor the mrpufacture of tetra-cthyl lend, ond of one of tlie stations
~t wizich the eﬁhyl fluid is mixed with gesoline.

Bthyl zosoline was first ploced on ssole February 1, 1923, and
<ts sale wos voluntarily discontinued May 5, 1925, chout 300,00C,000 gal-
~ons of ethyl gnsoline bein: distriduted during tnis period. Serious
enses of poisoning occurred smong men handling lead teira-ethyl sud ethyl
Tluid in the States of Wew Jersey and Ohio. As far as tlio committeec is
awere tlese accidents nnd all occurred in connection with the manufacture
~rd tlending of concentrated tetra-ethyl lead, and tihrew no direct lisht

1991 the problem specifically laid beiore us -- thot of the retail distri-
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bution and gencral use of ethyl gasoline. The valuabdble expcriments re-
ported by the U. S. Burcau of Mines and by investigators at Columbia Uni-
versity and others yielded important results, dut we folt that the crucial
test of the situation must be derived from actual experience in the use of
ethyl gzasoline under practical conditions of operation.

It was therefore decided that the committee should make a direct
investigation of the guestion submitted to them, planning the work on as
extensive a scale as was possible in the time allowed. Fortunately this
mode of zpproach was made feasible by the fact that ethyl gasoline has been
in constant use as a motor fuel in certain parts of Ohlo for several years;
and although the production and distribution of tetra-ethyl lead and ethyl
fluid hod been suspended by the voluntary action of the menufacturers, pend-
ing the preseat investigation, it was known thap\in the region indicated, a
supply of ethyl fluid was still in the hands of)ccrt;in consumers cnd would

; ,
te continued in use. We were thus presented with an opportunity of studying
a fairly large group of individuals who had been using and h&ndling ethyl
zasoline and of comparing the findings upon them with the sxamination Qf a
similar group erploying gasoline fres from lead.

In several conferences, the committee, with the assistance.gf
Surgeon General Cumming and Surgeon ﬁ. R. Thompson, U. S. Public‘Heaith.
Service, in chorge of the section of Industrinl Eygiene and Sanitation, for-
mulated a generzl plan of investigation. The actual conduct of the work was
antrusted to Doctor J. f. Leake, Surgeon, U. S. Public Health Service, who
at once organized a corps of workers and began 6bservations upon certain
groups of individuals in Dayton and Cincinnati. The committee desires to

express its appreciation of the cordial cooperation extended to this group

of observers by both the employers and workers in the garages selected for
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the investigations. After all the preliminary arrangeoments had been com-
pleted, the work was pushed with great vigor during the autwm months, and
on December 19, Doctor Leake presented to the committee a full report of the
results of his study. The Committese wishes to express its great satisfac-
tion with thc promptness, encergy and ability with which these investiga-~
tions were carried out. The general character and scope of the work may
be summarized bdriefly as follows:

Two hundred and fifty-two individuals were studied. They wers all
adult males, and fall into five groups.

1. Group A, a control group, consisted of thirty-six men who
were cmployecs of the City of Dayton. Their duty was to
drive cars during the working day. In these cars the gaso-
line used contained no lead. The cars were housed in the
maunicival garage, which in the report is designated as the
Dayton Control Garage.

Group B, a test group, consisted of seventy-seven men who

/ wére employees of a public service corporation in Dayton,
,and whose duties were similar to those of Group A. The

cars that they drove, however, used ethyl zasoline, and this
fuel had been in' constant use in this service since July,
1923. The garage in which these cars were housed is desig-
nated as the Dayton Test Garage.

o

3. Groun C, a control group, consisted of twenty-one men. These
were employed as garage workers in the Dayton Control Garage
-0r in o similar control garage in Cincinnati, or as gasoline
fillers at service stations or on trucks delivering gasoline
in Dayton and the adjoining region. 1In none of these zarages,
service stations, or trucks was gasoline containing lead
used or handled.

4. Group D, a test group, consisted of fifty-seven men. These
were employed as garage workers in the Dayton Test Garage or
in a similar test garage in Cincinnati, or as gasoline
fillers at service stations, wholesale gasoline plants, or
on trucks delivering gasoline in Dayton, Cincinnati, and
vicinity. The duties of these men were similar to those of
Group C except that ethyl gasoline was handled in the garages,
stations, and trucks.

5. Group E, a control group, consisted of sixty-one men employed
in two industrial plants of entirely different character from
the foregoing in which there was known to be a serious exposure
to lead dust. Numerous cases of lead poisoning had occurred
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0 these plants This group was selected to serve for what
5:t be called a vositive control or check in regard to the
lidity of the clinical and analytical methods wused in the

i
mi
va
study of the izddviduals of Groups A, B, C, and D.

Methods used:

Zach individual was subjected to a careful clinical examination, and
in addition, smears were made‘from his blood and a specimen of his feces
was collected. The blood smears and the fecal specimens were sent to Wash~
inzton t0 be examined by trained experts for stippling of the red cells
and for content in lead. The examination of the feces for lead was made
Oy chemists who had been especially trained in the technique of the method.
The blood examinations were made by a group of skilled observers, and wsre
arranged so ticot the cowilts in each case were checked by several workers.
The clinical examinotion was conducted by four physicians. The first
or tiiese took a careful industrial history of each subject, and assigned to
Zim o cértain number, These aumbers were token at random, Theresafter
this individual was recorded by his number, aznd none of those making the
sutseguent examinations or the laboratory tests xnow whether or not the in-
iiviiual had Teen exposcd to cthyl gasoline; nor, ia fact, did any ex-
aziner, e¢xcept the one who took the iadustrial history, know to which
group the individual bvelonged.

After toking the industrial history, other examiners made a thorough
medical examination, includinzg a medical history, hemoglobin extimatiocn,
red-cell couut, blood<prcssure records, visual acuity tests, urine exanina-
tions, etc.; and finally a detenmiﬁation, by a special method devised for
the occasion, of the ruscular strength of the extensor and flexor muscles

of the forecarm.

Thile all of the excminations were made with as much carc as possibdle,
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special attention was given to three methods which, if was hoved, would

yield quantitative data of an objective character. These were, first, the
determination of the amount of lead in the feces, as an idex of lead in-
gestion or absorption; second, the estimation of the number of stivpled
red cells,bwhich, in the absence of other causes, mizght alsoc be considered
as an index of lead absorption; third, measurements of the strength of
the extensor muscles of the forearm, as an index of lead poisoning. The
two first methods yielded results of positive value, but the last was
practically negative so far as the present investigation is concerned.

When all the data had been coliacted, they were submitted to study
and statistical analysis ty Doctor Leake and his collaborators, and the
results were presented to the committee in the form of a detailed report
containing a description of the method;\used} tabular. summaries of results,
and protocols of the findings for cach indiégdual studied. This report

; ,

will be published in full by the Public Health Service. So far as the
clinical examinations are concerned, it may be said that they failed to
give any decisive indication of lead poisoning among the chauf?eurs or
workers 1n garages in which ethyl gasoline woas used as aAmotor furel
(Groups B and D).

The median time of potential exposure among these men approximated two
vears, and this negative result, therefore, holds good only for a period of
this duration. It should be added that in Group E, comprising workers in

industrial plants in which there was a known and serious exposure to lead

dust, definite clinical symptoms of lead poisoning were revealed, although

Footnote: The only injury observed was acute irritation of the eyes in'a
few cases, due to getting gasoline into the eyes. This occurred both Ylth
ordinary gascline and with ethyl gasoline but was perhaps more severe 1n
one case due to the latter. This case is mentioned specifically in the
full report.
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these workers had been exposcd for shorter periods of time.

wore significant results were obtained from the analysis of the feces
and from the microscopic examination of the blood smears. These results
are presented in condensed form in the accompanying graphs, and tables.
(Graphs 1 to U4 and Tables 4, B, C and D.)

Grapnh 1 and Table A represent the amount of lead found in the feces
of the individuals of Groups A, B, C, D, and E., The figures along the
abscissa of the graph give the amount of lead in milligrams per gram of

ash of the feces, from 0.1 mgm. to 3 mgm. The ordinates represent percent-

(gx)

ges of the workers in each group. It will be scen that in Groups A and B,
representing drivers of cars, one using gasolinc withoui lead and the other
the cthyl gasoline, the amount of lead in the feces was practically identi-
cnls Fhe exposure of these men was mainly to the exhaust gas from the
fﬁtors& and it would appear that in Group 3, using the cthyl gasoline,
theré was no positive indication of increascd absorption of load. The fact
thet in Group A, some’lead was also found in the feces, shows that these
mon were exposed to lead from some othier undetermined source. In this
connection it is to be népcd that twenty cxamiunctions werc made in Tashing-
tcn by the some methods of the feces of tea of the workers in the Hygienic
Laboratory of the U.vé; Public Eealth Sorvice. These workers had had no
!;own exXposures to‘lead but their feces showed ot each exomination swmall
rmounts of 1§ad ranging from 0.047 mgm. to 0.290 mgm. per gram of ash of
the feces. In what miéht ve called normal feces, thersfore, lead may be
prosent, from accidental exposures of one kind or another, in concentrations
not differing materially from thoss found in Groups 4 and B.

In Group C, rcpresenting the garage workers and gasoline handlers not

exposed to cithyl gasoline, there is ax indication of a slightly greater ex-
X v ¢
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cretion of lead. In the control garages and repair shows, as will be showm

later, there was a perceptible amount of lead in the dust upon the floors
and cenches.

In Group D, representing the garage workers and gasoline handlers using
etnyl gasoline, there is a still further increase in the amount of laad
excreted, although the number who showed excretion of as much as 0.3
mgm. per gram of ash is small (15 per cent). It seems probable that this
increase was due to the use of ethyl gasoline, since subdivision of this
group into two classes, those wita a lesscr cxposurc to ethyl gasoline, as
regaerds time and intensity, D1 & 2, and those with a greater exposure,

23 and 4, indicates that in the latter therc was greater excretion, as is
saown in Grap 2 and Table B.

In Group E, as would be expccted, there is evidence of much greater /\
ingestion or zbsorption. Over 50 per cent showed more than 0.3 mgm. of
icad for each gram of ash of the feces, and in some cases the lead was
vresent in concentrations as great as 3 mgms. per gram of ash.

Graph 3 (see Toble C) gives curves indicating the number of stippled
cells found in the blood of the workers in Groups 4, B, C, D, and E. The
vzscissa in this cose reoresents the.number of definitely stipoled cells
ver 100,000; the curves are plotted for the valves 1 to 2 per 100,000,

3 to 6, 7 to 20, 21 to 100.

Here again the results for Groupé A and B are practically identical.
In ecch group o small number, twolvg per cent, showed definite stippling.
Mo examinaticns of persoas who are neither drivers of cars nor garage
workers are availeoble, carried out by thc some observers using the/same
method. It is not possible to say whether the slight degree of stippling

observed with Groups A and B possesses any significonce, but it seems to
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be clear that the members of Group B, exposed to the exbhaust gases from

ergines using ethyl gasoline, showed no noticeable increase in stivnling
as compared with Group A.
In Group C there is a distinct increase in the percentage of workers

showing stippling, and this increass is more marked in the workers of

Group D. These results, therefore, corroborate the findings from the
analysis of the feces in suggesting a beginning storage of lead in thess
iwo grcups. That the greater indicated storage in Group D is connected with
the use of ethyl gasoline scems to be borne out by the curves shown in
Graph 4, (Table D), in which the curves are plotted for the two classes of
D referred to above, the workers with the greater exposure showing a very
slight increase in the percentage of those exhibiting definite stippling.
The curve for the workers in Group E is of zn entirely diff;;ent character.
Over 90 per cent showed distinct ségfpliég, and in most. of tlhiese cases

/
tiae stippling was relatively very abundant.

/
|

Inouiry into reported cases of injury resultinz from the use of ethyl
gasoline.

oy

So far as the committee could ascertain, 2ll thexreported cases of
fatalities and serious injuries in connection with the use of tetra-ethyl
lead have occﬁrred either in the process of manufacture of this substance
or in the procédures of blending ond ethylizing. It seemed desirable to
institute an inquiry in the reéﬁon where this investigation was made, ond
where ethyl gasoline had‘bcen amployed as a motor fuel for the longest
time as to possible cases of injury resulting from its use. All the work-
ers examined were questioned, therefore, in regard to¢ their knowledge of
cases of possible injury, and inguiries were made in the Dayton and Cincin-

nati districts aﬁong local health of ficers, physicians, public health
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cvizars, and labor leaders. Tle few clues obtoiuned from this inouiry were

.w2stizated in detail, but the results were negative. o positive evidence

=1l Te oObtoined of harmful effects attributable to the use of ethyl zaso-

~ervotions woon the lead irn the dust and oir of the zarssges investizoted
tihe amount of carbon monoxile.

In eddition to the exominotions mnde unon the workers themsclves, some
~Zo werg collected in resard to tihe amount of lead in the air and dust of
sorages and work rooms, and also in regord to thes concentrotion of cor-
Toin monoxide. These observations were mode during October, 1325, and owing
.2 Tze unusunlly cool weather prevailing during that month, the doors and
rinzzwas were closed during most of the day. The conditions regarding venti-
_otion were thwse to be expected for winter rother thnn summer weother. The
tevsrél mothods employed in this part of the investigotion are given in de-

-

miloin the Tull report. The findings obtcoined are summarized in the ac-

7

comeanying toduler statements for the several garages investigoted as well

s for ile industrial pleonts in which there was a serious exposure to lead
£3. This part of the investigati;ﬁ was not so cexivonsive as was desired,
»ving to the sh@rtnass of the time cllowed, but it is evident from the ro-
sults obtnilied that some lead was preseat in the alr ¢f the garages and work
rooms whether the gnsoline used contained lend or not; oand in the sweepings
of dust from the floors aad denches there was a distinct cmount of lead pre-
sent, the figures>runiing from 0.32 mgms. to 22.31 mgms. per gram of dust,
according to the time and place of the gathering of the sample. It would
seem probable, therefore, that in all garages in which automobiles are being

nandled and repaired, the workers are constantly exposed to certain amounts

of lead dust, and this fact would tend to emphasize the importance of provid-
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ing such rooms with adecuate ventilation, and of keceping both the floors and

.

the benches as free as possibdle from the accurulation of dust. Owing to

tne incompleteness of the data, it is not possible to say definitely whether

the exposure to lead dust was greater in those garages in which ethyl gaso-

line was used. It is very desirable that thcse investigations should te

continued.
On the basis of this investigation, the committee feels that the fol-

owing general conclusions are justified:
1. Drivers of cars using ethyl gasoline as a fuel and in which the
concentration of tetrasthyl lead was not greater than one part to
1500 parts by volume of gasoline, showad no definite signs of
lead absorption after expecsures approximating two years.

e Employees of garages engaged in the handling and repairing/gf )

{

automobiles and erployecs of automobile service stations may show
evidence of lead absorption and storage, as indicated by the lead
content of the feces and the appearance of stippled cells in the
blood. In garages and stations in which ethyl gosoline was used,
the amount of apparent absorption and storage was somewhat iacreas-
ed, but the effect was slight in comparison with that showﬂ by
workers in other industries when there was a severe lead hazard
(Group E) and for the periods of exposures studied was not suffic-
ient to produce detectible symptoms of lead poisoning.

. In the regions in‘which ethyl gasoline has been used to the
greatest extent as a motor fuel for abperiod of between two and

three years, no definite cases have been discovered of recogniz-

able lcad poisoning or other disease resulting from the use of

athyl gaséline. m g% 01 "/‘ ? G



In view of these conclusions your committee begs to report that in

their opinion there are at present no good grounds for prohibiting the use
of ethyl gasoline of the composition specified, as a motor fuel, provided

~at its distribution and use are controlled by proper regulations. The

ct

committee feels that the formmulation of specific regulations in regard to
the manufacture, distribution and use of tetraethyl lead, ethyl fluid, and
etihyl gascline for adoption aond enforcement by the several States belongs
properly tc the ¢ffice of the Surgeon General of the Public Health Service.
In an appendix to this report, attention is called to certain suggestions
walch have been made in the course of the discussions of this committee and
which it is believed should be taken into consideration in making such re-
sulations.

-

In conclusion we beg to say that we are conscious of tie fact that the

-~

. . /. o .
coenclusions to whiclhh we havo come in this report, although based upon most
/ .
careful and conscientious investigations, are subject to the criticism that
they have veen derived from the study of a relatively small number of indi-
viduals who were exposed to the cifects of ethyl gasoline for a pericd of
Ty
time comperatively brief when we coasider the possivilities in connection
with lead poisoningz. A mere extensive study was not possible ¢n account of

the limited time. It remains possible, that if tiie use of leaded gasolines

becomes widespread, conditions may arise very different from those studied

o'

7 us which would render its use morc of a hazard than would appear to be tle
case from this investigation. Longer experience may show that even such
sliznt storage of lead as wos observed in these studics may lead eventuwally
in susceptible individuals to recognizable lead poisoning or to chronic de-
generative diseases of a less obvious character. In view of such possibi-

lities thre committee feels thot the investigotion begun under their directicn
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must not be allowed to lapse. The respective States would be dependent upon

tne Iindings of such investigations for changes in their regulations. With
tne experience obtzined and the exact methods now aveilable, it should be
20s3ible to follow closely the outcome of a more extended use of this fuel
cnd to determine whether or not it may constitute a menace to the health of
tae general pudblic after prolonged use or under conditions not now foreseen.
Juteide the qﬁestion of ethyl gasoline it would scem from this investi-

sation that wherever automobiles are housed together, there is an accumla-
ion of lead dust which may prove to be a source of danger to the workers
involved, in addition to the hazards arising from the vroduction of carbon
zzncxide gas. The vast increase in the number of automobiles throughout th
ountry maires the study of all such questions a matter of real importance
Irom the standpoint of wublic healtli, and the committes urges strongly that
o suitable appropriation be recuested from Congress for the coantinuance of
these investigations under the supervision of the Surgeon General of the
Public Health Service, and for a study of related problems connected with
pIRY:! use of wmotor fuels. B

W. 4. Eowell, Chairman.

“A. J. Chesley,

David L. Edsall,

Reid Hunt,

W. S. Leathers,

Julius Stieglitz,

C.-Z. A. Yinslow
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TABLE A - PZRCENTASE CF PZRSONS WI

"I"IG?A; Oz LuAD PZR Gf
mTrT

TZ MORET TEHAN O:
I OF ASH IN
IH0 EXPCOSURE GROUPS A, B3, C, D AD =,

MILLIGRANMS OF LEAD PZIR GRAM OF ASH

.101- . 301~
2300 1.0C0

A 29 | S

3 32 2

Cc S} 5

D 56 13

z 15 45

1,001~
3,000

7D TINTH

FICIS 1T

3,001 &

Over

— v e e e e e e e o e e e . ae v e e e mme e = me e = - v

.

TASLE B - PERCENTAGE OF PZRSONS WITZ MORE THAN OI'E TZNTH

HILLIGRAM OF LIAD PER GRAM OF ASE I

ECZS IN

GROUP C AWD HALF-GROU>S D1-D2 AND D-3-DH,

MILLIGRAMS OF LIZAD PER GRAM OF ASH

.101- .301-
) 2300 1.000

c 41 [5

D1 and D2 (1) s4 ' g

D3 and D4 . 57 18

(1) D1 and D2 are the two quarters

the greacter exposure.

1.
3

001~
. 000

3.001 &
Over

exposure group D
which hrd less exposure to ethyl gasoline and ethyl
fluid and D3 and D4 ars the two quarters waich had

e o wmm amm e m— e an e e e e Gem 4 mme MR e e e e e e wew e
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TABLE C - PERCENTAGE OF PERSONS SEOWING DEFTNITZ STIPPLING OF
DIFFEREIT DEGRTES IN ZXPOSURE GROUPS A, B, C, D
AND E.

TIPPLED CZILLS PER 10C,000 RED CELLS

1 -2 3-6 7 - 20 21 - 100 Over 100
A 6 - 3 3 -
B 9 3 - - -
c 19 5 - - -
D 28 9 9 - -

E 10 13 13 26 31

m— a m —n —— e mmn e amme o oo o — o w—h e ae G G e e v e e o

TASLE D - PZRCZKTAGE OF PE2SONS SEOWING DEFINITZ STIPPLING
OF DIFFERENT DEGREZS IN GROUP C AND EALF-GROUPS
D1-D2 AND D3-DH, ¢

STIPPLED CELLS PER 100,000 RED CILLS

1 -2 3-6° 71.-20 21 - 100 QOver 100
c 19 5 | _ - -
Dlanibe(l) 28 8 .10 - -
D3 and D& 29 11 8 - ;

(1) D1 and D2 are the two quarters of exposure group D

waich had less sexposure to ethyl gasoline and ethyl

fluid and D3 and D4 are the two qu.arters which had
the grsater oxposure.
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