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standpoint very largely, because we recognized that wi
mous demand for internal combustion-engine power so
would have to answer this question, and we started a g
years ago with the idea purely of an elementary scientific
direct the general laboratory research to the problem '0#
could do to modify our engines.
We found out that we could do nothing to modify en
we could do something to remove from the fuel a very ;
property, and that is why our research organization uni
study of fuel relationships, to find out what that had
recognizing that the changing of parts of the motor co;
made after that problem was solved. I thank you very mug
The Crarrman: I may relieve the minds of some of yo
that we are having a verbatim report of the conference, w
‘available as soon as practicable. ‘
Before going into a general discussion I would like to a
one else here has any facts to bring before the conference w
ence to the manufacture of the tetraethyl lead compov
Edgar, are any of your people who are interested in t
ture present? I have not picked out anyone in pa“rt‘icql
not want general discussion just yet, but anything else
like to explain with reference to it at this time. |

_the correctness of such an assertion. We started out origi-
) ‘eto manufacture tetraethyl lead by the ethyl-bromide process.
g ot into trouble. We did not have a background necessary to
"Znt some of the difficulties which are always incumbent upon
" ufacturing operations when going from the laboratory scale
5°n Jant scale of manufacture. We had fatalities. The last we
" e manufacture of tetraethyl lead by the ethyl-bromide proc-

d 10 i
¥ s in July, 1924,
® o that time we had manufactured approximately 400,000
Cnds of tetraethyl lead. Since that time in the plant we have
nufactured something like one and three quarters million pounds
! piracthyl lead without any serious mishaps. The fact is that in
jis plant we have not even had any man very seriously sick, and yet
- pave had, as is always to be expected, certain mechanical mis-
aps, co-called messes, which are the result of mechanical failures
1 which have had to be house-cleaned. About a year ago it was re-
lized that bromine had to be used with tetraethyl lead in making
fhyl gas. There was not a sufficient supply of bromine in sight at
ut time to treat the ethyl gas. At about this time a process for the
unufacture of tetraethyl lead via the ethyl chloride route was de-
doped. This process seemed to be simpler than the ethyl-bromidé
mocess and attended with no more hazards of manufacture. Here
\nin a long laboratory experimentation was carried out followed by
g experimentation in the semiworks. A plant was then designed
ind constructed according to the most modern ideas as to industrial
fety and ventilation. No expense was spared to insure safety of
perations, However, we did err in our calculations in the design of
s plant, with the result that difficulties were encountered when the
Mt was started and fatalities occurred. The plant was closed
0, the difficulties in ventilation and operation were corrected and
, ufacture was resumed on March 25 of this year. Until the clos-
down on the first part of this month, when at the request of the
vg’l Gasoline Corporation the manufacture was discontinued, we
Y manufactured successfully some 50,000 pounds. No men at all
rcllls plant, since we recti.ﬁed errors and resumed operation in
X Sa’ have shovs.rn any phys1ologlcal symptoms of poison, so that I
ﬂetyh’ and T think I can say with correctness and conviction, that
ot Coyl lead can be safely manufactured. I say that for the du
.. V0 and I think that the du Pont Co. has a right to a conviction
o . "hat can be done in the way of manufacture of dangerous

MR. W. F. HARRINGTON
General manager, representing the E. I. du Pont de Ne

Mr. Chairman, ladies, and gentlemen, I understan
you want first is the question of information as to wh
opinion tetraethyl lead can be manufactured safely.

The CmaremaN. We would like to have that. ‘

Mr. HarrineroN. I imagine this is the most importa
discussion, and it is the manufacturing factor which Tam P
discuss right now. The tetraethyl lead desired by the
line Corporation has been manufactured by the d
We were called upon to manufacture, and we proces
effort to determine a method of manufacture because at |
this work was started no method of manufacture Was
the product was almost a laboratory curiosity. The I¢
had to be conducted in the laboratory and carried into U
for further experience, and finally manufacture wasE
newly constructed plant. I am prepared to say DY

)
experience that we have had in the last two years ueil_s- That has been the experience of the du Pont Co. almost
: : d oSt its whole period of existence—first, the manufacture of black
facture of tetraethyl lead by the ethyl chloride an dep )

oy s then the manufacture of dynamite, smokeless powders, deto-

i fel A
mide processes, that tetracthyl lead can bo & o - all these products have been manufactured successfully. If

manufactured. I believe that I can also give suffi
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there is any question of doubt I refer you to the statistics,
cently we have manufactured organic chemicals also of g ¢
nature. Truly we have had a background in the man
various chemicals which has been of inestimable assistan,
ing safe performance. We have, moreover, manufactuy
fully such products as aniline, nitrobenzol, dinitrobenzol, ni ’
benzol, ete. !

One seldom nowadays hears of an aniline poisoning 'q}
from a plant where aniline is manufactured. Nitroben
the same class as a poisonous article. Dinitrobenzol is‘
and nitrochlorobenzols, in my opinion, are still worse ;
cessful manufacturers of every one of these products; |
doubt at all from a manufacturing point of view that tetx
in proper hands, in the proper plant design, and undeEm D
cipline can be manufactured successfully. ik

The CuaRMAN. Are there any further remarks on th
ture of the compound? Before starting the discussion of
I think it is better to develop the facts which we kno:
not a cut and dried program, but wish suggestions fre
here who has any facts to present first to the conference
dustrial hazard in the manufacture of the compound.
has any suggestions as to change of program, we shall
hear them. ' |

The next thing logically is about the facts as to the
bution, and transportation of the substance from the -
the distributer of the compound. Has anybody anythi
to the conference with reference to that? 13

pping in the drums from the du Pont Co. to us has never
511'1 any effects whatever of hazard to the people handling it.
"“I,ltox{c things are handled in the same way. In handling tetra-
( ell jead in our plant we had trouble in the early days from lack
gqckground. It was natural to expect the symptoms of tetraethyl
.‘Oning to be the symptoms of ordinary lead poisoning, which were
lfuuv watched for. This was quite deceptive, as was only de-
inea after sad experience, ordinary chronic lead symptoms not
ing until serious poisoning had already resulted. That was in
_arly days of handling the material—not more than 1 or 2 per
|t of what has been handled since. After such a background had
eloped we found the essential thing necessary to safely handle it
s careful discipline of our men. Tetraethyl lead is not so much a
gerous poison as it is a treacherous one. It becomes dangerous
i to carelessness of the men in handling it, but by enforcing proper
jeipline, with mechanical devices to perform certain operations so
it the men did not have any excuse for contact with the material,
erecord has become quite good.

ixing the gasoline is carried on by using a special device. The
eator at the bulk station is a trained operator, and as many as
00 such stations have been in operation. The men operating them
ie been observed for evidence of any abnormal hazard, and no evi-
ice has developed. .

With regard to our own plant, where we have quite accurate data,
would like to ask Doctor Kehoe, who was in charge of the work,
give a brief summary of what has taken place.

DR. ROBERT A. KEHOE

MR. THOMAS MIDGLEY, JR. - Department of Physiology, College of Medicine, Cincinnati, Ohio

Vice President, Ethyl Gasoline Corporation farly in June of last year, as a result of some difficulties which

‘occurred at the plant of the General Motors Chemical Co., at
Vo, Ohio, T was asked to take under observation the men at the
t to make studies of the hazards which were existing at that
“band also at the same time to undertake to obtain some experi-
i data as to the means of combating and eliminating the haz-
that existed.

S:ff_ned perfectly plain at the outset that there was only one
™ In which to deal with this problem, and that was not the
w 50 men who were sick, but the prevention of sickness among
‘ ! he ‘men in this plant were exposed to several possible
o) ‘;7 First of all there was the inhalation of tetraethyl lead,
13}51 delponstrated to occur. Second, there was absorption
- 1 e Sk‘m of tetraethyl lead, which we also demonstrated to
R this being largely explainable on the basis of the fat-

In this connection, for your information, it might be ¥
the passage of the tetraethyl lead from the manufac
where it is finally sold to the public. '

It is shipped to our plant at Dayton, Ohio, in steel ¢
a liquidd, taken from the drums and put into storag
with ethylene dibromide—producing the final product—
to the drums. These drums are then shipped out to 0
various so-called “bulk stations” in 27 States. (B
where the gasoline is put into the tank wagon, not W:
to the public.) It is mixed at the bulk station with
the tank of the tank wagon, which then takes it in th
to the service station, where it is put into undergro
then sold to the public through the customary pump-

)
0
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oluble character of tetraethyl lead. In addition, there
another hazard, the inhalation of dust decomposition prg
tetraethyl lead, which might be found in containers of ¢
lead. Those who were responsible for the general care of
made possible the elimination of practically all these facto
installation of suitable automatic machinery, so that the g
posure of the men was reduced to a minimum, and so thg
number of men employed in the plant was reduced to A
It was also possible, since it was found experimentally
use gas masks at points at which there might be moderate ¢
tion of the tetraethyl lead vapors; and the use of these mag
time, plus also extremely high rates of ventilation, (of
down ventilation because of the specific gravity of the va
possible almost complete elimination. The matter of
taken care of largely by changing the methods of distributi
material in such a way that it became quite unnecessary
small containers, so that from the time the distribution
in large drums, it was possible to handle that hazard cc

Early in the course of the work of the plant there had
siderable number of poisonings and two fatalities. This
the time I undertook the work at the General Motors plan
was the unusual circumstance which brought about my ap
the plant. Since that time there have been no fatalities.
been some cases of varying degrees of poisoning. The
all in all, in the entire history of the Dayton plant, includi
in the laboratory and all others who were affected with s;
any type, number about 60 men.

Since the installation of proper equipment, the initi
ful medical examination, and careful selection of men
been, all told, since August 1, 18 cases. In these 18
cluded all men who have shown the slightest symptoms 0!
of intoxication. i

I might say by way of explanation that the recog
symptoms of tetraethyl lead poisoning are by no means
would appear. They are easy only after experience bec
nothing in the early symptomatology of tetraethyl poist
resembles ordinary lead poisoning, as we see it in the 1D
became necessary, therefore, to observe carefully and to 1
and frequent observations of men. In the course of th
tions an occasional man has been found who show!
symptoms suggestive of tetraethyl lead intoxication.

The 18 men whom I mentioned as having been aff
extent since August 1 include all men who have been
any toxic symptoms whatever. Those men were imme!

Jork and have since been able to take up other occupations in

) Jaces.
i t%e interest of completeness I might say that one case occurred
e plant, approximately tW(? month.s ago, (?f rather .unu:sual type.
Y 1. who had shown no signs or indication of poisoning what- .
g : . : ! i
4 “ developed a type of infection resembling epidemic influ-
. which was at that time in the community in which he lived.
s,
| as sent home and was apparently convalescent when he devel-
L] what was either an acute tetraethyl lead intoxication or an
“i enza encephalitis. The diagnosis in this man’s case is a matter
joubt, and it is quite impossible for me to say whether the con-
on 1s lead poisoning or infectious encephalitis. At any rate, the
L recovered from the maniacal condition. When last seen he
_in a good physical state, but had some mental abnormalities.
1o that time there has been no evidence of poisoning in any of
o men. The number of men who have been employed over this
iod of time is in the neighborhood of 100. So altogether, of the
g employed in the plant since August 1, there have been 18 cases.
s indicates the possibility of a reduction of hazard in the blend-
¢ of ethyl fluid to the point of almost complete disappearance,
lthere is every reason to think that by further close observation,
fhe closest attention to details of discipline and careful warning
these men, that the hazard at this point may be reduced to a
nt of complete disappearance.
The Crrarryran. I would like to hear from anyone else interested
) has facts to present. There must be somebody else who has
Lexperience along these lines.
doctor Aus, Have any determinations been made in regard to the
fetion of lead ? !
'»etor Krmoe. I will answer that question at once or await fur-
Questions, ‘
e Crarpyraw, T think it would be better to follow the facts
a‘ &nd'then open up discussion. Otherwise we would not get all
a<t3ts, if that is agreeable to Doctor Aub.
h (;)Ir Aus. And has anyone had under observation men engaged
oo ¢ and selling to the distributer and the effect of the com-
" Upon thern ?

MR. FRANK HOWARD

Standard Oil Co. of New Jersey

:;;Ot give you any medical data on that. T think the con-
3 bould be interested in knowing of the handling of this
: t.V the Standard Oil Co. of New Jersey, beginning June,
. U that time the General Motors laboratory, with whom I
Working on this problem, as Mr. Kettering described to you
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this morning, first placed in our hands tetraethyl lead fq
the experimental work that they had been carrying out
with gasoline. i
We have had tetraethyl lead continuously in use in
_ laboratories and garages since that time, June, 1922. T§
handled without any precautions at all, that is, withou;
more than the most obvious precautions, until the unfo
dent which happened in our pilot manufacturing plant I;
ber. That was a manufacturing hazard and is not a po
cussion here. ‘
With regard to the use of this material, it has been free
in the engine laboratory as received in a pure state from
facturer (Doctor Kraus produced our first supply at Clark i

o t0 th.is particular phase of the matter would serve to give quali-
five e,v1den<_:e only, not quantitative. : —
Theyefore, it seemed important at the outset to make observations
. the actual field where hazards existed, because there we had
Joper experimental conditions to handle. It so happened that
) pumber of places in Dayton ethyl gasoline has been used over
considerable period of time. At the time these observations were
pade; the data that I will present to you show that a considerable
qumber of men had been exposed to actual hazard over a period of
0 years: The observation of these men, therefore, was thought to
esent a good situation for the determination as to whether or
ot these hazards really existed. In the first place it might be
gorth while to consider-just what those hazards are. The hazard
sity), by simply pouring it from an open vessel into th fom the use and distribution of ethyl gasoline, omitting for the
the proper quantity, this being done by regular mechan time being the matter of exhaust gases, may be subdivided inte
attendants in the laboratory. The supplies handled in th o parts:
the garage at our refinery were sufficient for 80 trucks, First, the possibility, theoretically at any rate, of absorbing tetra-
ark 15 trucks, and we handled the product in the same W shyl lead out of gasoline by reason of the skin contact; second, the
it out of the bottle into the gasoline in which it was used possibility of obtaining tetraethyl lead outof gasoline by inhalation.
As further evidence of the use which we have put the There is a third, the rather remote possibility of absorbing by
in the past three years—it will be three years this J ‘.}mlation the dust of decomposition of any tetraethyl lead which
worked with it in experimental carbureters of the wi might be dropped on the floor as the result of spillage of gasoline.
That is, we have had a wick an inch in diameter imm Ihat might be a remote possibility but should be considered for
tetraethyl lead which fed the material, and from the su bmpleteness.
it was evaporated by the passing air current. These w ‘We beggn phe observation of these men and made arrangements
with a deposit from the tetraethyl lead and the regula iith an oil company of Dayton that had been handling material
a foew months was to take them out and wring the: hger than any other company, that if symptoms of any type devel-
hands. I had such a carbureter on my own car for six :,ped_n_1 their own men when they were being examined by company
there has been any symptom of lead poisoning during ,i:smlan% they would be sent to us for observation.
experience of three years in the handling of the pr he men.m the research garage of the General Motors plant had
central laboratories and garages of the Standard 0il a? handling the material and had also been handling machines
Jersey, not only in the regular manner of use and.eﬂa hig t}'lad been usi.ng it. (I should like permission to discuss at
public, but in the experimental methods T have describ ' ellclll.e, the subject matter of a title which comes under a later
symptoms have not been such as could be detected. : - i‘hmg’ that of garage employees and the general public, be-
have had at least a yearly medical inspection of all men by, te garage mef:hanicians are subject to hazards from handling
the handling of this material. I think this is importd - fetfrs and tearing down the motors, etc.) We observed a num-
believe our work of three years has demonstrated thaﬁ hicl, . lese mep, and now, if I may, I will read from an article
poisoning difficulties in long-continued experimental an ' L have written on the subject, as follows:
work. In connection with the experimental work re:
haps Doctor Kehoe can give you medical data. :
Dr. Roperr A. Keaor. We were asked in the first pla
whether there would be a hazard in the handling Of
and investigate it from an experimental point of ¥4
to us, even months ago, that the application of anim

el

kg Aza
RD OF LEAD POISONING FROM THE HANDLING AND USING OF ETHYL
GASOLINE

B inte, .
(Illltlilft}ll(ifa:llon (?f animal experimen‘@ in term's of human beings is, at
b pm(: )ei plo'eeduf'e. When one is determining the toxic properties
o .mportan oplasmic p01so_n, a reasonable assurance exists as to the quali-
ce of the experiments. The quantitative value of such experi-
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ments is always a matter of doubt because of certain variat;
physiological mechanisms of different organisms, and because of ;

variation in the manner and rate of introduction of the materig] jusSSHbIGaNY o 1)
into the tissues of various animals. Aol i st e G B RI T i

The interpretation of the hazard existing from the handling g R TR S i A __" None
“ othyl gasoline,” in terms of animal experimentation is doubly gy ’ugom lﬂ;—&;-e;;g ------ i i 29
because it is impossible to duplicate the actual conditions under vy tlfbm ___________________________________________________ None
handling occurs. An attempt was made to err on the side of an LV““ﬂ ___________ W Helg
exposure of animals oyer that likely to occur. Whether or not that gtric * amps_l; o y W T Vg
plished is a matter of judgment. “t jges pstive distat SEMes e s otGe T T SEESR R TR  N TR T e

In this situation the advisability of making observations in the g
of operations suggested itself months ago.
Accordingly arrangements were made for the careful taking of hj

exposure, the making of careful physical examinations, and the analy L el e T e e o 2
specimens of urine and feces of a considerable number of men who 1 pnormal temperature (3 (97.6), 1 (97.2))_ 0 s 4 4
exposed to actual conditions over a considerable period of time, Th raﬂV(Oldla _____ S 0 N Uk P e RS N 1000 None
tunity to do this was present in that employees of the General Motors Gpnormal blood pressure (@), 11472, (1): 112-70, (1) 110-74," (1)

garage and of the Dayton Power & Light Co. and of the Refiners Q 10&6()) ___________________________________________________________ E
Dayton had been exposed to all the conditions which could pos: R 4 None
danger of lead poisoning from the distribution and use of ethyl g TR e o ot ol + W MG e None
from the use and mechanical care of cars using ethyl gasoline, and oy o haemoglobin L = 2

siderable period of time. (It must not be supposed that these me
carelessly allowed to assume these dangers without any knowledg
or without medical observation at regular intervals. The fact ren
ever, that the early methods of use and distribution of ethyl gaso(l
such a sort as to present hazards of such a magnitude as will never
the present methods of use and distribution.) i

Full data are available as to the histories of exposure, the phys1
and the clinical symptoms of these men. Analytical data will be p!
as many of them as are now available. BER,

The following table presents in brief the items of importance Q
analysis of these data:

Nore—Of the two showing pallor, one has a chronic cholecystitis and the

fher has a history of tuberculosis of long standing.

The other findings are of no more frequent occurrence than may be seen in
group of men taken at random, and they are explainable on the basis of

fher physical findings, such as very bad dental condition, existence of common

ilds, etc.

A t the same time, 64 men, at no tune exposed to ethyl gasoline, have been

stioned as to the details of their employment for the past several years,

dhdve been carefully examined. Specimens of urine and feces have been

ltained for analysis so as to furnish a comparison with the pleuously ex-

lined exposed men.

kdetalled analysis of the data obtained from unexposed men as to their

General Motors research garage: Stories and the results of physical examinations would require too much

Mechanics e lice for the present needs. However, the data now available as to the results

Handlers of ethyl gasoline-- S - the chemical examination of specimens of urine and feces are appended
feto
b 4

Drivers des ek

Persons examined

CONCLUSIONS

TR OLAl, s o a1l f besp Ll Ua e R il e bR SR

Refiners Oil Co. at Dayton: ¥
Handlers of ethyl gasoline e

Dayton Power & Light Co.:

careful consideration of the results of the examination of 30 men who
been exposed over a period of about two years, to one or more of the
X‘ds arising from the general distribution and use of ethyl gasoline, fails
0w any evidence of the appearance of either symptoms or signs of lead

Mechanies.. st e ning
Handlers of ethyl gasoline [ : .
Drivers _— ) PR De‘nded hereto are data as to the analyses of urines and feces. They are
lnCOleete, and are submitted for what they are worth.
Motalbiisly A0 bbby QRN oniis I TaiiEE S

t;m;m lost weight following an attack of cholecystitis.

ter lthese men gave a history of dreaming for years and admitted the condition
eading questions.

Yman gave a history of diarrhea and fever, followed by constipation.

History as to exposure
Not less than 2 years L
Not Tess than'l year-.._ —— - {
Less than 1 year ==

Total number exposed AL
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Analytical date from 10 men exposed to ethyl gas'ﬂlinq

(Nos. 13, 14, 15, and 17 were also exposed to undiluted fluid containing tetraethyl leaq and ethe

mide for a considerable period of time. See history)

21

DR. FRANK MORTON
Medical Director, Standard Oil Co. of Indiana

ieike samplOHRn: s e T i m here representing the company. Our company has not done
‘;}:f;:ge i SR R 55,05 ix erimental work in handling tetraethyl lead. We have taken
DRadiees o0 T SRR cticaﬂy all instructions in regard to handling the tetraethyl lead
i i , I oline from the Ethyl Gasoline Corporation. It is probably true
. Weight of dried | Volume of urine iy 205 e : :
feces in— G gt e have dlgtrlbuted a great deal more of this ethyl lead than any
Sample Y .\-" company in the country. We have developed a method of mix-
Grams | M ce‘llntti? Milligram Ly the ethyl solution with gasoline so that the solution is not handled,
ik L there is practically no danger of the men who mix the ethyl with
1 27.4 0.50 700 0.14 oline inhaling any of the fumes or coming in contact with the solu-
g Crit L " on their clothing or body. We have made it a point to examine
ey o I i men who are to handle ethyl solution. This examination consists
o e il ‘i wking their weight, urine analysis, blood pressure, examination
T M Y%l D% %6 o+ nervousness and anemia, and questions as regards prévious
o iy i b lnesses, particularly signs of nervousness. This examination is

Analytical datg from 10 control (uncrposed) 1worknue

Riverage samiplerurine il LAV I S0 e TS0 TR NG Sadai e sn R S

Ayerage samplo foces i LTI I IIIOa T MU Rt e AT LU RO LB G

R e AL S, SR R LR o G B B I e BN L
Mdpiodifocasds. &L lnliu il oy Sose Gl SRR b e L S e L

Weight of dried Volume of urine
feces in— in—
oalNpie|
Cubic
Grams |Milligram| centi- |Milligram
nmeters
29 2247 0.74 2,200 0.14
68 35.6 .32 1, 650 ail
74 45. 4 .24 1, 300 15
77 50.0 .22 1,170 g
78 11.8 .16 1, 850 .16
80 18.3 .22 1,320 .10
81 28.4 .14 1, 400 Al
82 7.8 .18 1, 950 4 b
83 32.8 . 58 710 o
84 23.4 .54 1,170 Nil.

I might say that to my surprise all of the specimens 00
exposed and nonexposed men showed a certain quantity o
analysis of this data will in all probability be made &

I only wish to point out the magnitude of the qua
controls as compared to exposed men is of such a sort
sions can be drawn as to the absorption of lead in th sl

as the result of their exposure to ethyl gasoline.

The Cuarrmax : Before we leave the question of th
think the Standard Oil Co. of Indiana, which is said t0
“distributer, is represented here and we should like to

company.

jecked every three months. ~As regards cases of supposed ethyl gas-
line or ethyl solution poisoning, we have had none, nor have we come
Jcontact with any cases which looked like lead poisoning.. =

The particular cases which have come to my attention, about 40 in
Il are mostly eye cases and skin irritations. The eye cases occur at
e stations when the station men in filling up the gas tank at times
iing the hose around, spilling the gasoline in their eyes or the cus-
mers’ eyes. L

If the ethyl gasoline gets in the eyes, from my experience, it only
lduces an irritation which lasts from 12 to 24 hours. It is not
lch different from spilling gasoline in the eyes, though the smart-
815 probably more severe. For treatment we have recommended
Sling the eye out with water or boric solution and then using
°bs of paraffine oil in the eye. One case who reported to an out-
,dOCtor had more trouble. The doctor used atropine so that the
. S bupils were dilated, and the man complained for several days
Mitation in his eyes. ;

, '®gards skin irritation, this irritation is no different from the
‘ Vhich occurs if gasoline, kerosene, or crude oil is spilled over
h Wds or body, particularly if evaporation is interfered with.
: %Il men are well instructed how to handle our products, and
“ reason we have very few cases of skin irritation. The so-
iy ethy] solution skin irritations were of the same type. Dr.
’;IIlldAllen Pusey, president of the American Medical Associa-
0 it 3 prominent dermatologist, saw one of these cases. He
iy o D Irritating dermatitis, such as could be caused by gasoline.
- Satlll‘dlay Dr. Alice Hamilton had an article in the American
“ Journal. As usual, after an article appears on so-called

S 4
R
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Kehoe seems to be reporting milligrams of lead in fixed amounts of both urine and feces although the table is not well labeled. While his data show a strong positive correlation (97%) between quantity of feces and quantity of lead in the exposed group, the same correlation for the unexposed group is extremely weak (3%). A strong positive correlation would have been expected for both. The dichotomy is repeated for urine albeit with different numbers. This suggests that exposure was fairly homogenous in the former group but not in the latter, that is, some individuals in the unexposed group were likely exposed. Kehoe himself questions the data. 

Kehoe’s failure to accurately separate exposed from unexposed despite his attention to that very detail hints at trouble to come. For experience will show that once lead is let loose in the environment it becomes almost impossible to predict who will absorb it and who will not. 
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dangers of ethyl solution, we had a number of cases repor
time we had three or four cases. One case in particular‘
that the garage man in draining a crank case had the oj] | :

t the personal equation seemed to be the determining factor; that
;ne operators were very careful, in_fact the majority knew that
contact with his hands and produced a dermatitis with ¢ T g e%th.y sy i

T { they were to remove it immediately by washing with gasoline

This* was formerly quite a frequent condition, partic
i ular] B 0aps but some became careless, .and particularly as time went

handling screw machines or thread machines, where the oi] 5 P e PoanEllL BTE : e
over and over again and became contaminated with bacteria Bnd no eterious happened, they became more careless.

<o that T do not feel that the lea d had anything to do with th wipe? off dthe splash with waste 'and others a.llowed it to evapo-
tion. Now, manufacturers who have to use oil over and oy, We found that the Standard 0il Co. had evidently taken some

. ‘
use lysol, creosol, etc., to keep the oil from becoming conta utions to see that the operators were instructed how to take care

_ e
Monday we received word from Indiana that one of om K

't themselves, but we found that as time went on these instructions
Delphi, Ind., who had never handled ethyl solution or ethyl jare mOTe OT less neglected, and so we took the matter up with their
line (and the records show he had only used ethyl gasoli

fice in Baltimore, who assured us that the method of distribution
car for two weeks, that is as much as he handled it), jasor would be'cha.nge(.l and that the steel bombs were not to be used
lead poisoning. We sent a man from La Fayette 10 see uy 1?nger. DlStI‘l.butIOD was to be effected by mixing the ethyl
man thought it was meningitis. He ran a slight tempe fuid into the gasoline at the factory and selling the mixed product
came irrational, delirious, so they had to put him in a s .pulk. We checked up this practice about the city and found that
and remove him to the hospital at La Fayette, Ind. Consull .ch was the case. Therefore, as the matter stands to-day, the only
which five doctors were present, was called.  They all d s that we have (l)bservedv in contact with ethyl fluid in the past
as acute lead poisoning, pos sibly due to ethyl Auidl T Hadd “-. the station ol?erator.s,*‘,who' are now removed from that hazard.
Pollock, of Chicago, one of our Jeading neurologists, visit flo used as much ingenuity as we could to mask our identity to try
and see the case with two of the men who had cared fo

bsecure some ethyl fluid from the distributing station operators in
viously, Doctor Pollock repor tod back to me yesterday wer to see if we could still obtain some of the ethyl fluid as such, but
it was a peculiar case. He made a lumbar puncture and

shave not been able to obtain a bit of it.

marked increase in the cell contents, and made a diagno ThﬁneC?H arryaN. Has anybody any further facts to present along
ingitis. Since then further examination of the blood }
fluid showed that this man had a syphilitic meningitis.

This last case was the case which had the nearest ap
acute lead poisoning, and there were about 40 cases in 11

The Cratryax. Thank you, Doctor. Has anyone els
present with reference to further observations in the dis
garage workers or the public? e

o
§00°
fe

MR. A. M. MAXWELL
Vice President and Sales Manager Ethyl Gasoline Corporation

‘ will show by steps the distribution growth of ethyl gasoline. It
‘*‘i marketed commercially first on February 1, 1923, at -Dayton,
: 0(,1 ‘thrf)ugh the medium of the Refiners Oil Co. At that time it
‘“' ls}tlmbuted through the medium of small ethylizers which are
‘ l‘oym ;nd pumps attached to the customer’s gasoline pump.
k.. e}aruary 1 to August 1 ’c'here were about 30 of these small
By g Dperated by the Refiners Oil Co. From August to February,
: 60 erfe were about 500, at which time, in addition to the Refiners
"an‘ao Ohio, there came into the picture the Standard Oil Co. of
k, ) a’ and then the S_pears & Riddle Co., of Wheeling, W. Va.
e gy Bt,}’ 1924, approximately 12,000 of these so-called ethylizers”
g, Stale pumps of the customers of the Standard Oil Co. of In-
I, Ont(Jiarfl Qll Co. of New Jersey, Gulf Refining Co., Standard
i) ouisiana, the Refiners Oil Co., and Spears & Riddle Co.
O () E'tober, 1924, the number probably increased to 17,000.
hy iime, the accident happened at Bayway, N. J., and the
asoline Corporation issued orders to discontinue the distribu-

DR. J. H. SHRADER
Representing the City Department of Health, Baltimo

When this matter first came out we looked into the dist
and had some difficulty in securing any of the product:
was put up in small steel bombs or cylinders which Wettug
the delivery pipe of the service station gasoline tank and ¥
the ethyl fluid into the gasoline as it flowed from the rubl
the consumer’s machine. After much perseverence our &
obtained some samples from the distributing company -
We went around to the service stations to find out to wh
operators came into personal contact with the ethyl ﬂu{
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overnment undertake this work and one department of a well-

e bt e cmall othylizers, ol ﬂl‘; o university undertake it, and therefore we applied to the
¥ ou of Mines at their laboratories in Pittsburgh, and we com-

until May 1 of this year, there have been in operation g}, fure : : : .
installations  selling ethyl gasoline throughout approximg issioned Professor Flinn, Who is a men?ber of the 1ndustrlal. hy-
States, embodying the territories of the companies whicl ﬂ‘ene depargnent of Columbia University, to undertake animal
mentioned. : (e ¢ primentation. : Foondy g

_ The cut down from 17,000 small ethylizers to 3,500 service st Joreover; the committee has made frequent visits since that time
was due to the fact that the material was mixed in bulk ¢

he various plants and done all it could to coordinate the work of
bulk mixing device, the ethyl fluid being shipped in steel

o different experiments and to aid in outlining it.

the bulk stations and to the refiners; the gasoline being th, The object of the experiments was to determine the hazards to
by these bulk pumps and hauled by tank wagons to the ,Sé,l‘,r mpublic, 1f.an3'r, which might exist in the use of ethyl gasoline in
tions for commercial consumption. i o 1,300 d%lutlon of ethyl lead. .Monkexs, goats, guinea pigs,
jgeons, rabbits, and dogs were experimented upon. The committee
i the end of July, 1924, ascertained that a great deal of experi-
gental work had already been done. There was some experimental
ok done on animals at the Bayway plant of the Standard Oil
(. of New Jersey a year ago last May by using the strong tetraethyl
Jad.
The committee also found that much experimentation had already
#n done, as mentioned by Doctor Kehoe, at Dayton, Ohio. They
wther ascertained that the Bureau of Mines was already making
meriments with exhaust gas from ethyl gasoline and its effects
jon animals.
me ed { 1t was further suggested, therefore, that the future experiments
the General Motors Co., that it would be well to have d cover the additional hypothetical hazard until it was proved
committee appointed consisting of representatives .from 8 way or the other of skin contact from the use of ethyl gasoline
companies interested in the manufacture, distribution, an ‘10 1,300 dilution, and also the possibility of any hazard from
tetraethyl lead and ethyl gasoline. This committee was flalation of the vapor. !
with a membership of three, Dr. A. K. Smith, representing the results of these experiments have been checked as rapidly as
du Pont de Nemours Co., of Wilmington, Del.; Robert . » Consistent with scientific thoroughness and accuracy.
representing the General Motors Co.; and myself rep : S whole matter, therefore, has been under the supervision of a
medical department of the Standard Oil Co. of New “Mittee appointed for the special purpose, and the results of the
committee was given carte blanche to ascertain all facts *liments will be presented here, in as much detail as may be
gt that time in regard to tetraethyl lead and ethyl gast o0 101, by those who have been conducting them. .
first thing that the committee did was to visit the several ¢ Crarrman, T will ask the Chief of the Bureau of Mines or
are interested in the manufacture and distribution and find of hig representatives to tell us about the experiments,.
already had ocurred in the way of fatalities and sicknes -
employees at the plants, look over the general method of
of the material, and then after visiting those several pla
mittee determined on a line of experimentation.

It occurred to the committee at once that the best th
get the facts in the matter from the experimental side W2
two impartial bodies that could conduct the experimel
this committee could keep in touch with the work and ¢

It seemed desirable to the committee to have one

tion of ethyl fluid through the medium of the small ethyliy,

¢ About 300,000,000 gallons of ethyl gasoline have been s
February 1, 1923, to date of suspension, May 5, 1925. . '
; The Cmairman. If there is not anything further along
I will ask Dr. Gilman Thompson to give us a bird’s-eye view
conditions under which the experiments are carried on. '

; ; DR. GILMAN THOMPSON
Ciiairman of Medipgl Investigation Committee representing the St
“Co. of New Jersey, the General Motors Co., and the E. I. du P
“mpurs Co. ' ' ‘ bl A4
“Tt will be of interest to state briefly the results of th
ments. It was suggested ‘on July 27, 1924, by the p

: DR. R. R. SAYERS
| ReIJresenting the Bureau of Mines, Department of the Interior

X
10 EFFECTS ON ANTMALS OF ETHYL GASOLINE AND ITS COMBUSTION
PRODUCTS

b . i

r(]Sepalj‘cment of the Interior, through its Bureau of Mines,
by :}tled In the economic utilization of mineral and allied prod-
o ¢ United States. Further, it is interested in the preven-
Mo o



Preferred Customer
The toxicology studies reported here employed research procedures that are still used today. These include testing several species of animals, administering high doses of toxin (or more commonly today drugs since toxicology is a mainstay of pharmaceutical research) to ensure that a toxic effect is seen, and humanely sacrificing animals at the end of a study so that tissues can be examined. What is missing from these reports however are studies of juveniles, a population that today would be included in any comprehensive toxicological evaluation and should have been included in 1925. 

These types of studies are not intended to provide definitive answers but rather to serve as the starting point of a scientific inquiry. They are meant to provide preliminary information about a toxin’s (or drug’s) lethality (if such exists), its in-life effects at doses of interest, and to allow for gross and microscopic examination of tissues. The information obtained, if sufficiently adverse, can permanently tag a toxin (or a drug) as dangerous at the doses studied. The converse is never true however, that is, it is never the case that such information, if sufficiently benign, can tag a toxin or drug as safe. The reason for this is that the goal of a toxicological campaign is to find harmful and/or lethal doses of a toxin or drug, not to find safe doses. Doses that are clearly dangerous, and need to be avoided, as well as those needing further study are thus identified. If humans are the population of interest then long-term in-life exposure in humans is a must before judgment can be passed on whether a safe dose actually exists. However in the case of a known poison, drug or otherwise, exposure is unethical if a substantial non-monetary benefit can not be reasonably expected for those exposed, if those exposed are not fully informed of the risks, and if their consent is not obtained. Those are today’s standards. What the standards were in 1925 are unknown to this author but would be of interest to most readers.  
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tion of illness and the safe production of such substan . tudy up to April 28. 1925 S 1
than two years ago the attent?on of the Bureau of Mineg tlllstslt_ JRED pril 28, 1925, are given in progress report No.
to the potential ecomomic importance of tetraethyl lead. P studies have been summarized as follows:
same time the possible public and industrial hazards wep a i
ered. On account of lack of specific knowledge in p 0T GASES FROM AN ENGINE USING ETHYL GASOLINE (COMBMERCIAL)
these hazards, the Bureau of Mines, in cooperation with
Grasoline Corporation, made a number of studies on animals
it was fully realized that the results of animal experi
can not be translated directly to man, it was believed
knowledge to be gained would be of value as a criterion. =
Turther, it was thought that some of the results from g
lead poisoning might be applicable in the mining, smel
refining of lead. {
The problem of the health hazard due to tetraethyl lea:
divided into three parts: il
1. The hazard in manufacturing and handling the conce
tetraethyl lead. ]
9. The possible hazard in handling ethyl gasoline (approx
1 part of tetraethyl lead to 1,300 parts of gasoline).
3. The possible hazard due to exhaust gases from
using ethyl gasoline. : o
The scope of the work undertaken by the Burea
included an investigation of all these possible hazards
The first, that of the danger in the manufacturing and
concentrated tetraethyl lead, has been studied ‘only to
extent. The second, the possible hazard in handling et
as sold to automobile drivers, was divided for study @
the portals of entry into the body; i. e., inhalation, skin
and ingestion. Tests were made to determine the effect
tion, of skin absorption; and of the sum of the three,
skin absorption, and possible ingestion (by the an
themselves or other animals). st
PTileI Iinhalauti.on studies are described in progress re f Ifloriﬁ)léﬁt Otf g,thyl fluid. Some of these animals were con-
art I1. ' b : e study on ; :

The skin-absorption effects and summation effects * :thyl gasoling P SRR R UTE dromian sReing himgteon:
rogress report No. 2, Part ITL. M L. quantity of lea, P B
‘s T%Te thirgl) of the akiove-out-lined problems, the possibl e air zvas tW(()i :fll(lingngf:ffa %?;nz’sgiﬁzuf}? I}? il lc(;blc
to exhaust gases from automobiles using ethyl gasoline 2 )’g:(?surning all the lead from commercial ethyl 10%(‘)"1’?1‘; i
sold, was carried on for about eight months, and the re | rom the engine and remained in suspensioigl. i

A i ‘ : ;
in progress report No. 1. (Monthly Reports of Invei tog lfs; dfr(f)zn the foog,af the fest chambor gontained,10.5
after six months without cleaning. .

rial No. 2661.) y the

A similar study was made, using gasoline contalr L0, arbon monoxide in the chambmbwas controlled b
the commercial amount of ethyl fluid, in an attem i, and 0.02 per cent. o
the necessary concentration of tetraethyl lead in g 1 of test animals was similar to the controls.
lead poisoning in animals exposed to engine exha ‘

5SS Rerort No. 1.
ne following species of animals o i
LT g sp animals, monkeys, dogs, rabbits,

ined pigS,.and :pigeons, were exposed 188 times to exhaust oas
p an engine using ethyl gasoline (commercial) during a peribod’
out eight months. These animals were exposed in two groups
ghour and .G—hour periods, respectively. it
: The qu?,ntlty of 'lead found (average, 0.0045 milligrams per
i f.OOt) In suspension in the air was about 28 per cent of that
reuf:ally possible. The remainder of the lead was retained in
bengine head, exhaust pipe, or muffler, or it was dischareed in
s too large to remain in suspension. i

The carbon monoxide in the chamber ai

] air was

s as controlled between
%he gro.wth of test animals was similar to that of controls.

lolses e;lf?lre gr;)}:p of am;lnals used in this study showed no lead
, appetite, or other sympto 1 1
. : ymptoms usually associated with

i Chemical analysis of animals :
! 4 that d :
fidence of lead storage. led or that were killed gave

HUST GAS
ES FROM AN ENGINE USING GASOLINE CONTAINING FIVE
TIMES THE COMMERCIAL AMOUNT OF ETHYL FLUID

-5 hSS R.EPORT No. 2, Parr 1.
| ;iﬂiollowvm.g species of animals, monkeys, dogs, rabbits
- P1gs, and pigeons, were exposed for 206 times to exhaust gases’

an enﬂ'in . o e
i gne using ethyl gasoline containing five times the com-



Preferred Customer
This comment about lead deposits in the engine, exhaust pipe, and muffler suggests that auto mechanics would be at risk for lead poisoning were tetraethyl lead to become widely used. For corroboration on this point click on entry on this web site that begins " 75 Bell System employees..." and then search for "auto mechanics".

Preferred Customer
This statistic fore-shadowed what would become another troublesome problem, that is, lead contaminated dust and dirt alongside heavily traveled streets and roads. Children playing in these areas were at risk; pedestrians tracked lead into businesses and homes.
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