


Surgeon General H. S. Cuwmming,
Tnited States Public Zealtlh Service,
Teshingtoa, D. C.
Dear Sir:
The committee zppcinted by you at tlie recusst of the confer-
ence held in Washingtor Mey 20, 1925, was directed to present to you

"if possible by January first next, a statement as to tie health hazards

involved in the retail distribution and general use of tetra-ethyl lcad

l‘l

znsoline motor fuel®. 4s soon as practicable after its appointment, the
cominittes met in your ffice for organization and for discussion of the
vrocedure to be followed in carrying out its instructions
The members of the committee fomiliarized themselves, as far as

rossible, by conferences aud by reading, with the existing data tearing
woen the subject aud upon leand noisounilnz in genernl. They nad access t0
1Z2 stcnogravhic report (Sce Public Eealth Bulletin o. 153) of the ad-
iresses and Jiscussious which took place ot the conference of Moy 20, ond

sequently they madé,a parsonal examination of the plont at Deep Weter,
-+ J. for the mrnufacture of tetro-cthyl lead, cnd of one of tlhe stations

~3 ownich the ot“"' fluid is mixed with gosoline.

13

thyl zosoline was first ploced on sale Fedbruary 1, 1923, and

1ts sale wos voluntarily discontinued May 5, 1925, cbout 300,00C,000 gal-

o
O
¥
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thyl zosoline bein: distriduted during this periocd. Serious

crscs of

g

cisoning occurred smong men handling lead tetra-ethyl and ethyl

5%

Tiluid in the States of New Jersey and Ohio. As far as thie committee is
awere tliese accidents ad all occurred in comnection with the monufacture

~nd tlendiang of concentrated tetro-ethyl lecd, and threw no direct light

100 the problem specifically laid besore us -- thrt of the retail distri



bution and gencral use of ethyl gasoline. The valuable experiments re-

ported by the U. S. Burcau of Mines and by investigators at Columbia Uni-

versity and othcrs yielded important results, but we feolt that the crucial
test of the situation must be derived from actual experience in the use of
ethyl gasoline under practical conditions of operation.

It was therefore decided that the committee should make a direct
investigation of the cuestion submitted to them, planning the work on as
extensive a scale as was possible in the time allowed. Fortunately this
mode of approach was made feasible bty the fact that ethyl gascline has been
in constant use as a motor fuel in certain parts of Ohio for several years;
and although the production and distribution of tetra-ethyl lead and eth&l
fluid had been suspended by the voluntary action of the manufacturers, Ecnd-
ing the preseunt 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

; 1
be continued in use. We were thus presented with an opportunity of studying
a fairly large group of individuals who had been using and handling,ethyl
zasoline and of cowparing the findings upon them with the examination qf a
similar group erploying gasoline free from lead.

In several conferences, the committee, with the assistanc§.pf
Surgeon General Cumming and Surgeon ﬁ. R. Thompson, U. S. Public‘Heaith.
Scrvice, in chorze of the section of Industrisl Hyglene and Sanitation, Zor-
mulated o genernl plan of investigation. The actual conduct of the work was
entrusted to Doector J. f. Lezke, 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



the investigations. After a2ll the preliminary arrangements had been com-

pleted, the work was pushed with great vigor during ths autumn meonths, and

on December 19, Doctor Leake presented to the committee a full report of the

results of his study. The Committse wishes to express its great satisfac-

tion with thc promptness, encrgy and ability with which these investiga-

tions were carricd out. The general character and scope of the work may

be summarized briefly as follows:

Two hundred and fifty-two individuals were studied. They were all

adult males, and fall into five groups.

1.

3.

L.

5.

Group A, a control group, consisted of thirty-six men who
were cmployeces of the City of Dayton. Thelr 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
rmanicival garage, which in the report is designated as the
Dayton Control Garage.

Group B, a test group, consisted of seventy-seven men who
were 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 xasoline, and this
fuel had been in’ constant use in this service since July,
192%. The garage in which these cars were housed is desig-
nated as the Dayton Test Garage.

Group €, a control group, consisted of twenty-one men. These
were employed as garage workers in the Dayton Control Garage
or in a similar control garage in Cincinnati, or as gasoline
fillers at service stations or on trucks delivering gasolina
in Dayton and the. adjoining region. In none of these garages,
service stations, or trucks was gasoline containing lead

used or handled.

Group D, a test sroup, consisted of fifty-seven men. These
were employed as garage workers in the Dayton Test Garage or
in a similar test garase 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.

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



in these plants. This group was selected to serve for what

¥ethods used:

Zach individual was subjected to a careful clinical examination, and
in addition, smears were made from his tlood and a specimen of his feces
was collected. The blood smears and the fecal specimens were sent to Wash-
inzton to 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 sspeclally trained in the techrique of the method.
The blood examinations were made by o group of skilled observers, and were
arranged so thnt the counts in each case were checked by several workers.
The clinical examinntion was conducted by four physicians. The first
oT tuese took a careful industrial history of each subject, ond assigned to
2im o cértain aumber. These aumdbers were taken at raandom. Thercaiter
this individuwal was recorded by his number, and none of those making the
sutsecuent examinations or the lazboratory tests xnow whether or not the in-
iiviiual had Tteen exposed to gthyl gasoline; nor, ia fact, did any ex-
aniner, oxcept the ono who tool the industrial history, knew to which
group the individual belonged. )

After toking the industrial history, other examiners made a thorough
medical examination, including a medical history, hemoglobin extimation,
red-cell couut, blood‘pressure rocords, visual acuity tests, urine exanina-
tions, ete.; and finally a determihation, by a special method devised for
the occasion, of the rmscular strength of the extensor and flexor muscles

¢f the forearm.

Thile all of the excminations were made with as much care as possible,




special attention was given to three methods which, 1t was hoped, wowld

vield 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 stipvpled
red cells, which, in the absence of other causes, might also be considersd
as an index of lead absorption; third, measurements c¢f the strength of
the extensor ruscles of the forearm, as an index of lead poisoning. The
two first methods yielded results of positive value, out the last was
practically negative so far as the present investigation is concerned.

When all the data had been colizcted, 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 detaiied report
containing a deseription of the method;\usedﬂ tabular- supmaries of resulis,
and protocols of the findings for each 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 thaﬁ they failed to
sive any decisive indication of lead poisoning among the chauffeurs or
workxars 1n garages in which ethyl gasoline wos used as aAmotor furel
(Groups B and D).

The median time of potential exposure among these men apprbximated 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

Footnotc: The only injury observed was acute irritation of the eyes in.a
few cases, due t0 getting gasoline into the eyes. This occurred both 71th
ordinary gascline and with ethyl gasoline but was perhaps more severe in
one case dus to the latter. This case is mentioned specifically in the
full report.



these workers had been exposed for shorter periods of tine.

More 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.
{Grephs 1 to 4 and Tables 4, B, C and D.)

Graph 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 ¢ the feces, from 0.1 mgm. to 3 mgm. The ordinates represent percent-

(gx)

ges of the workers in eacir group. It will be scen that in Groups A and 3B,
representing drivers of cars, oxne using gasoline without lead and the other
the cthyl gasoline, the amount of lead in the feces was practically identi-
cnle The exposure of these men was mainly to the exhaust gas from the
ﬁﬁtors& and it would appear that in Group 3, using the cthyl gasoline,
theré was no positive indication of increascd absorption of leoad. The fact
thet in Group 4, some‘lead was also found in the feces, shows that these
min owere exposed to lead from some other undetermined source. In this
connection it is to be néped that twenty exoamiuctions were made in oshing-
ten by the some methods of the feces of ten of the workers in the Hyglenic
Laboratory of the U.vé; Public Health Scrvice. These workers had had no
!Tiowil exposures to‘lead but their feces showed ot each exomination small
cmounts of lead ranging from 0.047 mgm. to 0.230 mgrm. per gram of ash of
the feces. In what miéht be called normal feces, thersfore, lead may te
vraesent, fron accidental exposures of one kiand or another, in concentrations
not differing moterially from thoss found in Groups A and B.

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

exposed to cthyl gasoline, there is an indication of a slightly greater ex-



cretion of lead. In the control garages and repair shons, as will be showm

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

In Group D, representing the garage workers and gasoline handlers using
etnyl gasoline, there is a still further increase in the amount of lead
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 with a lesscr cxposurc to ethyl gasoline, as
regerds time and intensity, D1 & 2, and those with a greater exposure,

23 and 4, indicates that in the latter therec was greater excretion, as 1is
saown in Grap 2 and Table B.

In Group E, as would be expccted, there is evidence of much greater /\
ingestion or absorption. Over 80 per cent showed more than 0.3 mgm. of
icad for each gram of ash of the feces, and in some coses the lead was
vresent in concentrations as great as 3 mzms. per gram of ash.

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

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

Here again the results for Groupé A 2nd B are practically identical.
In each group a2 small number, twolva‘pcr cent, showed definite stippling.
Mo examinations of persons who are neither drivers of cars nor garage
workers are available, carried out by thc samo obscrvers using the/same
method. It is not possible to say whether the slight degree of stippling

ahaarved wi+hr Oranmnae A ~nd B possescses ~nv sismificance. but it seemns to



be clear that the members of Group B, exposed to the exhaust gases from

engines 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 increase is more marked in the workers of
Group D. These results, therefore, corroborate the findings from the
arnalysis of the feces ia suggesting a beginning storage of lead in thess
two groups. 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 %, (Table D), in which the curves are plotted for the two classes of
D referred to abovae, 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 an entirely diff;;ent character.

Over 50 per cent showed distinct sé;ppliég, and in most. of thiese cases

/
the stippling was relatively very abundant.

/
i

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

iR}

So far as the committee could ascertain, =2ll the:reported cases or
fatalities and serious injuries in connecticon with the use of tetra-ethyl
lead have occﬁrred elther in the process of monufacture of this substance
or in the procedures of blending and ethylizing. It seemed desirable to
institute an inquiry in the reéion where this investigation was made, ond
where othyl gascline had‘bcen employed 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 inquiries were made in the Dayton and Cincin-

nati districts aﬁong local health officers, physicians, public health



cvirers, and labor leaders. The few clues obtcoined from this inouiry were
~z33izated in detail, but the results were negative. 10 positive evidence

11 Te obtoined of hormful effects attributoble to the use of ethyl zaso-

13 uoon the lead in the dust and gir of the zarsges investisated
e amount of cnrbon monoxile.

the exominnotions mnde unon the workers themsclves, some

=
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~zo wera collected in rezard to tiie cmount of lead in the air and dust of
- zerazes and work rooms, ond also in regord to the concentrotion of cor-
"o monoxide. These observations were made during October, 1825, znd owing
.2 otze unasunlly cool weather vrevailing during thot month, the doors and
inasws were closed during most of the day. The conditions regaordinzg venti-
otion were those to be expected for winter rother thon summer weother., The
tevarﬁl mothods employed in this part of the investigotion zre given in de~
oiloin the Tl report. The findings obtoined are summarized in the ac-
n:mp::ying/tabular statements for the several garages iavestigoted as well
s for the industrial plants in which there was a serious exposure to lead
3. This part of the investigati;ﬁ was 00t s¢ exiensive as was desired,
»ving to the shﬁrtnass of the time zlilowed, but it is evident frem the ro-
sults obtnined that some lead was preseat in the air ol the garages and work
sooms whether the gosoline used contained lend or not; ond in the swecpings
of dust from the floors aud venches there was a distinct amount of lead pre-
sent, the figures.runﬁing 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 zerages in which automobiles are being

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

of lead dust, and this fact would tend to emphasize the importance of provid-



ing such rooms with adecuate ventilation, and of keceping both the floors and

the benches as free as possible from the accurmlation of dust. Owing to
the 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-
lirne was used. It is very desirable that these investigations should be
continued.
On the basis of this investigation, the committee feels that the fol-
lowing general conclusions are justified:
1. Drivers of cars using ethyl zasoline as a fuel and in which the
concentration of tetrasthyl lead was not greater than one part to
1500 parts by volume of gasoline, showed noc definite signs of
lead obsorption after exposures approximating two years.
2. Employces of garages engaged in the handling and repairing/gf )

{
automobiles and erployecs of automobile service staticns may show
evidence of lead absorption and storage, as indicoted by the lead
content of the feces and the appearance of stippled cells in the
blood. In garages and stations in which ethyl gznsoline was used,
the amount of apparent absorption and storage was somewhat increas-
ed, but the effect was slight in comparison with that showﬁ Ty
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.

Al

. 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

ethyl gasoline. -l BT My W



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

tieir opinion there are at rresent no good grounds Ior prohibiting the use
of ethyl gasoline of the composition specified, as a motor fuel, provided
that its distribution and use are contrclled by proper regulations. The
commititee feels that the formulation of specific regulations in regard to
the menufacture, distribution and use of tetraethyl lsead, ethyl fluid, and
gtizyl gascline for adoption aond enforcement by the several States belongs
properly tc the cfiice of the Surgeon General of the Public Health Service.
In an appendix to this report, attention is called to certain suggestions
waich have been made in the course of the discussions of this committee and
which 1t is believed should be taken into consideration in making such re-
sulations.

-
In conclusion we beg to say that we are conscious of the fact that the
. . /. o .
coaclusions to whicli we havb come in this report, although based upon most
/ .
carcful and conscientious iavestigations, arc subject to the criticism that

they have been derived from the study of a relatively small number of indi-

-

siduals who were exposed to the offects of ethyl gasoline for a period of
xp 24 _

S
time comparatively bricef wheon we cousider the possibilities in connection
with lead poisoninz. A more extensive study was not possible ¢n account of

the limited time. It remains possible, that if the 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
cose from this investigation. Longer experience may show that even such
sliznt storage of lead as wos observed in these studics may lead eventually
in susceptible irdividuals to recosnizable lead poisoning or to chronic de-
generative diseases of a less obvious character. In view of such possibi-

lities tihe committee feels that the investigotion begzun under their directicn



m

Tust not be allowed to lapse. The respective States would be dependent upon

t2e rindings of such investigatiocns for changes in their regulations. With
the experience obtained and the exact methods now available, it should be
30s3ible to follow closely the outcome of a more extonded use of this fuel
cnd to determine whether or not it may constitute a menace to the health of
e general public after prolonged use or under conditions not now foreseen.
Tutside the question of ethyl gasoline it would scem from this investi-
Sation that wherever automobiles are housed together, there is an accumula-
tion of lead dust wnich may prove to be a source of danger to the workers
involved, in addition to tie hazards arising from the vroduction of carbon
zoncxide gas. The vast increase in the number of automobiles throughout the
zcuniry malkres the study of all such gquestions a matter of real importance
m the standpoint of »ublic healtil, and the committes urges strongly that
2 suiiable appropriation be recuested from Congress for the continuance of
“nese lhvestigations under the supervision of the Surgeon General of the
2:tlic Health Service, and for a study of rclated problems connected with
tlog use of motor fuels. a

W. H. EHowell, Chairman,

“A. J. Chesley,

David L. Edsall,

Reid Hunt,

W. S. Leathers,

Julius Stieglitz,



TABLE A - PIRCINTASE CF PZRS0OIS WII‘: HCRE TEAN OuT TINTR

e Wly

NILLIGRAL OF LR .D PIZR GRAUI OF ASZ 1IN FICIS IW
25

é&p D) cy D JLT-D Py

mT e
T ZXPOSTRE G

MILLIGRANMS OF LEAD PZR GRAM OF ASH

<101~ . 301- 1,001~ 3.001 &
L300 1.0C0 3.000 Qver

A 29 | S - -

3 32 2 - -

c b 6 - -

D 56 13 2 -

z 15 4g 29 5

e e e e e e e e e e e -
/\

TAZLE 3 - PERCENTAGE OF PZRSONS WITEZ YORE THAN OIE TEUTH
MILLIGRAM OF LEAD PER G2AM OF ASE I FECIS IN
GROUP C AID HALF-GROU>S D1-D2 AND D-3-D4,

MILLIGRAMS OF LZAD PER GRAM OF ASH

-101- . 301~ 1.001-  3.001 &
=300 1.000 3.000 Over
c 41 3 - ,
D1 and D2 (1) 54 ' g - -
23 and Db 57 18 n B,

(1) D1 and D2 are the two quarters of exposure group D
which hrd less exposure to ethyl gasoline and ethyl
fluid and D3 and D4 are the two quarteérs waich had
the grecter exposurse.
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TABLE C - PERCINTAGE OF PERSONS SHOWING DEFTNITET STIPPLING OF
DIFFERENT DEGRTES IN IXPOSURE GROUPS A, B, C, D
AND E.

STIPPLED CEILLS PER 1CC,000 RED CELLS

1 -2 3 -5 7. - 20 21 - 100 QOver 100
A 6 - 3 3 -
3 9 3 - - -
c 19 5 - - -
D 28 3 g - -

E 10 13 13 26 31

T AR e e e e e m e e e e e e v e e G e e e e o v - - o

TASLE D - PEZRCZKTAGE OF PERSONS SEOWING DEFINITE STIPPLING
OF DIFFERENT DEGREZS IN GROUP C AND EALF-GROUPS
D1-D2 AND D3-D4,

STIPPLED CELLS PER 100,000 RED GELLS

1 -2 3.6 7.-20 2L - 100 Qver 100
¢ 19 5 - | - -
D1 andbe(l) 28 8 U110 - -
D3 and D& 29 11 8 - -

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

wnich had less exposure to ethyl gasoline and ethyl

fluid and D3 and D4 are the two qu.arters which had
the greater gxposurs,
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