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EEDINGS OF A CONFERENCE TO DETERMINE
gTHER OR NOT THERE IS A PUBLIC HEALTH QUES-
N IN THE MANUFACTURE, DISTRIBUTION, OR USE
OF TETRAETHYL LEAD GASOLINE

The meeting was called to order at 10 a. m., May 20, 1925, at the
oean of the United States Public Health Service (Butler Build-
U,Third and B Streets SE.), Washington, D. C., by Surg. Gen.
¢ §. Cumming, presiding. ; .
‘he CrratrMaN. I will ask the meeting to come to order. I wish
introduce to you Assistant Secretary of the Treasury McKenzie
ss, who will open the conference:

Mr. Moss. Ladies and gentlemen, I think I was born with too
1ch sense to endeavor to discuss the questions which will be before
1 for determination, or even to endeavor to state the issues. I do
tknow that I would be able even to pronounce some of the words
tained in the title. I am merely here to extend, on behalf of the
retary, a welcome to you and to express the confident belief that
ound this council table you gentlemen will be able to bring to a
I settlement and solution the problems which have brought you
ether., That is my mission and it has been performed. »

he Crmarrman. Ladies and gentlemen, I take pleasure in intro-
fing to you Secretary Work, former president of the American
lical Association. '
Xoretary Work. Surg. Gen. Cumming and gentlemen of the
‘erence, the applause that followed Secretary Moss’s address
 Partly due, perhaps, to the brevity of it, so I will take notice
i be equally brief. This conference has very much to consider
: d.lfferent angles. 1 became interested in it first from the
polnff of public health. If this new agent, which it is proposed
‘; dgo Into general use in every car, is prejudicial to health we
k. know it and the public should know it. I am interested in
\ .H:C‘EIHSG:. of my present position in association with the Bureau
.neS, which is a scientific bureau, as you know. The Bureau
: ors has been making a careful experimental study in this
t ., everal months: A few months ago they put out a state-
2% rIeCh was accepted as final. It was not intended to be final.
| rsi'ny a progress report. Since that time the bureau has
~SlWing these studies in the same general direction, and they
00 130\25&2 o




3

will lay before you the results of these studies. This mgag
you are called together to discuss, Is, I think, a very
one—one of the most important questions up before ¢
to-day. It has an economic bearing, possibly has a healg

rl.eports, would be available about the middle of May. I there-
e ook the liberty of requesting you to be present at this time.
It s Unnecessary to inform you that this is in no sense a legal
. . ¢ Sl R in fact, there are no Federal laws which authorize the Pub-
and its Fommercml re.latlons may be very extensive, indeed,, I ealth Service to take jurisdiction regarding the interstate ship-
This is largely con]ectl}be_ None of‘us knm?vs much abo £ of substances such as tetraethyl lead, even should it be deter-
(y;z;ibs; ;g;ingu:vfzﬁsia(]){i t}Insa Scs(ﬁlnflzregocre; ;Sd;;rs}r 11;1;:‘:?5( N f od that they are injur.ious to public hea}t«h.. On .'the other hand,
: ) ) < ‘ i the duty of the Public Health Service to investigate such ques-
moment with you, l?ut.I am pleased to haw.a had the op L qand to inform the public as to the result of its investigations, re-
gxpress Ty appreciation of your assembling here to d icti"e neasures being part of the police power of the several States
question. | : i 9 municipalities. However, I am quite certain, from assurances
The CramrMaN. First, I want to express my appreciati _en both to me and to the public, that no police measures will be
%entlemenI ;v?lo have accepti‘d an II;VHDatiOH .tOt come 13) iary in the premises should the use of tetraethyl lead be deter-
erence. is unnecessary for me to enter 1IONEHIGEEE 4ed to be detrimental to the public health.
planation as to .the purpose for which you have been as It is earnestly desired that we shall confine our conference as nearly
together or the importance of the outcome of the conferen; possible to the determination of such facts and to the reporting -
however, perhaps advisable to say a word in the beginnin fsuch investigations and experiences as may lead to a definite deter-
reason for. inviting you to a confqrence and the object ination as to the hazards, if any, which follow the manufacture, dis-
hope to gain as a result of your advice and counsel. 4 0f iution, and use of tetraethyl lead and similar substances, not only
W}?’;}:}? hl;glll;cd:l:;ltgx : S:r;llfg;’ g;r';)l::éilerrlnys :2111;1;5: e those v(;h% atfe engaged in tile manufacture and distribution of the
medicine, has long been interested in lead poisoning in ﬂ;g ' p(:llll)rlli ’ tu 1, i 'If‘irtl](;u ];l 1'1y, i fr(.)m Y FiAedrahito
and has ,made some investigations along this line. We.- v w in air?vilfgg:a,i' the peropzr lsl((:lgie:itohf %ﬁzvrl)clf)baizl;isyour il
e e S o e O
of fuel used in internal combustion engines was experi and hglpeeacﬁ gl%e:n Sl tqultels:_re yOE i all going to help
certain lead compounds to be used in commercial gasolin Lam sorry that dhidpry ?l Al S g
A little later on the question of an investigation as to ¢ idy we .h;:i t}?e Z;V:;iam)t af t}alround}s: i:)nall tfa b%e.. In, qur. Orek
these compounds came up, and after a conference with : lierence table—we h i ;ﬁsyc ARl SlikiRg ar01.1nd i
tives of the Bureau of Mines it was determined, in view. t—but I } o avtang;own e vt avallabl.e
that the Public Health Service had no funds m,zailable i d Wi ool ou ape azomnd g common, soullal
pose, that the investigation should be made by the Bured
Early in the winter I received letters from several ge
had been interested in the matter, inviting attention to U
dangers in the general use of tetraethyl lead and sugges
conference be called to consider the matter. After corl
with everyone engaged in such investigations, so far as ¥
certain, it was determined that a conference at that il
somewhat premature in view of the fact that none of
tions had been completed. :
Upon completion of the preliminary report of the
Mines, and after a conference with Doctor Sayers and t
Hygienic Laboratory, I decided that it would be advis
conference as soon as practicable, and found that the
medical committee working at Columbia University,

a:ﬁ.thought it would be ?nteresting, at least to some of us, if we
. GVells conference. by asking someone to give us the history of
D, i)(pmen.t of this tetrs?,ethyl lead in its relations to gas engines,
'giv.e ettermg2 the.pres1dent of the Ethyl Gasoline Corporation,
Ore }llls the historical account.

i Se§ does so, may I say that I thought we would all be inter-
iy glng the working of one of the engines at a proper time.
| e demonstrated to you later.
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ce being, first, a drawing in of the mixture; second, a compres-
it; third, a firing and expansion of it; and fourth, an exhala-
i and that is the way they got the term, “a 4-cycle motor,” a cycle
"fn’d the passing of the piston once over the cylinder.

l\fgw the amount of the exhaust gas which is retained in the cylin-
., is the function entirely of that space which is above the piston, so
¢ when you have a full load or a full charge in this engine, the
5" went of the mixture which is retained in the engine is relatively
Ll compared with the total amount taken in, but when you are
"n“ only a little bit of mixture in, as for a quarter or half load of
‘ e;gine, that dilution factor becomes relatively large. So it is
wrable to cut the space down above the piston, and that is what, in
Lsineering technology, we call raising the compression. In other
.ds, it is simply reducing the space into which that mixture is
mpressed just previous to firing.

There are two or three factors which obtain when you raise
o compression—two or three things which happen. First of
I you get a better burning efficiency; second, the dilution factor is
duced because the amount of exhaust gas which is retained there
émaller; and third, there is a smaller amount of surface exposed
the very hot gases at the time of combustion; so you gain in
ree different factors by raising the compression.

In the Diesel engine—this is simply by way of explanation—its
silt is accomplished not by taking the mixture into the cylinder
the way we do in the ordinary gas engine but by taking in
€air and then compressing it; and then, after it has reached
fipression, the fuel is put into the engine at the definite rate at
lich it is to be burned. That is a differentiation from the ordinary
“mobile engine in that we take into the cylinder both the gaso-
¢ and the air, and they are compressed together, so that the
86l engine has accomplished the raising of compression by keep-
the fuel out of the mixture before you want it to burn. A
'V attempt we were able to make to raise the compression was
S accompanied by a corresponding gain in efficiency, but it
not accepted by the public because of the fact that when you
': i° use the engine at full load you got what we call a ¢ knock.”
. :_ the familiar sound known to everybody who drives an auto-
-mot‘OV}len he tries to climb a hill. He gets a little carbon in
o 1 In other words, we could not supply to the public the
ok SSible by engine alterations because of that very undesirable
i "0 it was undesirable from two standpoints, first, because
ks , “Use injury to the motor, and second, because the driver
" mepe.is something wrong with his motor. Therefore it was
- °rcial from that standpoint.

([

President, Ethyl Gasoline Corporation

Mr. Chairman, ladies and gentlemen, about 1914 we un
determine what were the essential factors in an internal- :
engine which prevented us from getting more econom
perhaps know, it is possible to build internal-combustio
which, when at full load, show very good percentage of
That has been pushed up to as high as 30 per cent, but
as in the automobile we very seldom drive at anything b
small portion of the load, the efficiency falls off quite ma
a decrease in the load. We undertook to study why it w
could be done that would assist in giving us more effici
point where the public drive their cars. e

We are getting to-day about 5 per cent of the energy out ¢

ble, however, to push up on full load so that with ¢
engine or the motor-boat engine, we obtain up to a max
per cent, and you can get fairly normal operation a
per cent. ; <

In that study there were a great many problems bmni
cause the instrumentation that was necessary to make
minations had not been thoroughly developed, so we wer:
as we went along with continually having to stop our
actual study in order to develop instruments whereby we
determinations that would have an actual quantitative
was as a rule abundant qualitative information about th
of it had been reduced to a quantitative basis.

After a preliminary study we discovered that with
they now exist, one of the things necessary was.to in_(.me
pression of the motor. To explain what that is, I Wlll‘.'
the ordinary automobile motor as we have it to-day, and
consider just a single-cylinder engine, here is the way
works. There is a cylinder in which is fitted a piston
two valves in that cylinder. We will say that our engin
still. The piston moves down, and as it moves down 5
which allows a mixture of gasoline and air to flow into’
That valve then closes, the piston goes up and compl‘f’% ;
ture until it reaches nearly top center, then a spark is intr
it and the mixture burns and an explosion of the gas
near the bottom of the stroke the other valve is OPeIt
the piston goes up those exhaust gases are ejected, save
the space above the piston. That thing is repeated. 1
a cylinder in the ordinary gas engine, as it is known 1
bile to-day, gives you one explosion for every two I {

A

n
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So, after we had developed the possibilities of what mij. s of iodine which are colorless. We found it was purely a molec-
by the use of increase in engine efficiency, we then attacked ’fo;- sroposition and had nothing to do with the color, and we also
lom of whether we could introduce anything into the fyg (nstrated it by the use of some other colored materials that sup-
would stop this knocking. At that time none of us ha; & od the color but did not produce the other results. So finally we
definite knowledge of what was happening to such an en P { this one material which we could introduce, which was a starting

not know that to-day we know definitely what happens. T b from which we could make comparisons.
ose things-like combustion ‘PIt took about 3 per cent iodine to be equivalent to 40 per cent

words, we have found that th
have known about the longest, the simple burning of a benZoL and our methods of rating gasoline have been based on this

explained so simply, «till have a lot of very technical thin, ., We were taking a certain standard gasoline and adding 40
to them, and are not as simple as the words might indica o cent benzol to it. That permits a certain raising of compression
At this point we developed quite a number of instrume d 2 certain operation of the motor. We accepted that as a stand-
helped us to determine to a certain extent what was happ ard of compreSSions. Of course, iodine was out of the question from
cally inside the engine cylinder. We found out that with ord 3 commercial standpoint because of its not being obtainable.
ural gas we could produce certain results and with the high ~ Another very interesting thing in the use of benzol, or of iodine,
gasolines, the aromatic series of compounds, alcohols, ete. s that it'helped to produce carbon. So your cylinder would fill
get the high compression without the knock, but in the up very quickly with a very flaky type of carbon. I mention the
of fuel of the paraffin series we could not do that. But we sord carbon.  In the ordinary garage they will say, “ Get the carbon
that if we could use the motor at those compressions our eff Jeaned out of your motor.” The reason for that is that the carbon
could be very greatly increased. So we started to try isone of the best heat insulators we have.
terials which might, if put into the fuel, produce the: A §mall cake of carbon on the inside of the motor takes up space,
One of the first things that we used, and which has it raises compression, and it slows the conduction of heat from the

regarded as a sort of bench mark from which we reckon, fsidual gases to the cylinder wall, and the difference between a
iodine, which when added to the fuel will completely stop tisfactory burp and an abnormal burn is very delicate when it
ing. By way of explaining what the knock is, it has be omes to the point of temperature. A few degrees plus or minus
experiments in this country and abroad that the norm th.row the thing from a satisfactory operation to an impossible
burning of gasoline and air can proceed at quite differen I"“tlon- .

that if the ordinarily efficient work be represented by :1 havre seen that tried out on airplane motors, and it is rather
are some place between sixty and seventy times as high ¥ resting. Take a n.lotor and a fuel condition which you can
change of rate is very much greater; in other words, sixt; *}inormal; get up in the air and level off, fly along definitely,
times greater; that the rate of burning is so rapid that nally open your throttle to a point where you ought'to get an

il i high, the ra Jiation. s vary ihighe T ‘ ‘lllsoerr&al rate of burn.' You go along and you get one detonation.
this point that when we got to those very high pressur R e word detonafmog because that expresses the idea; whether
very high temperatures the radiation rate from the fla 5 aHSeeiSt along the scientific factors of detonation we do not know,
ingly great, and inasmuch as radiation can pass emt o, in 118 purely a question of degree. You might get one detona-
those gases without doing any heating it does not do & 0 ¢ 2 Sgconds anoth.er, and in a very short period of time
Tt is just like having the mixture, £alk of jholess and.i' L (;)r will be detonating completely, and you will have to come
does no work until it strikes the cylinder wall and hea! oy, , lnce you get one detonation in the cylinder you immediately

After introducing the iodine we were first of the i brg, iatrge quantity of the heat of the explosion, by radiation of
perhaps it was the color added to the fuel that dlq s io’n I}to the cylinder walls and heat them. With the next com-
cause we felt that perhaps the color of the tuel did iteyg . itl gets hotter, and you get more heat into your cooling
the way of absorption of radiant energy, very muct » 1t gradually rises in temperature and you pass from a normal
plants paint themselves red on the underside to absor®.

Bl ah : 4
bs gy :;2:;1’1.131 operation on an apparently slight change in the
help their growth, but we disproved that suppositio W ition of the motor.

iy alf'nl' made a search of various other chemical compounds, and
Uine had a similar effect. We did a great deal of work on
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aniline and its kindred compounds. It took about 2
aniline to obtain the same results that 8 per cent of iodj
There were many objections to aniline; the principal one
it can not be obtained in quantities. We had been inveg
great many compounds and making a study of the physical ¢
of these problems, so that we might know what the factor
we were dealing with. We tried one of the selenium metall,
compounds. We found that was’an antiknock. We tri
other selenium compounds and tellurium compounds, and
took the atomic weights of the elements and went over
systematically. We found that while there are compoun
you can add to gasoline to stop its detonation, there are ot
pounds you can add that make it worse. If some surface
top of this table be represented as zero, and if you put a pin to
sent each element showing its value as an antiknock, the hea
pins will lie on a warped surface, representing the antiknoc
alities of each element in its various valences. '
These results tended to show that elements of high ato
were most effective as antiknocks, and almost as a las
started to study the properties of lead. i
We tried for along time to produce various organic lea:
which would be soluble in gasoline. We did that witho
success, and finally, after a long period of time, we are
the tetraethyl lead compounds which are soluble in ga
we tried those out we naturally had the factor of arou
cent in our minds, so when we got a small quantity of tl
it'in a gasoline in the same proportion we had been de
There was no indication of a knock. We kept diluting 1
that we were dealing with a material requiring only abo
teenth of 1 per cent. In other words, it was about fort]
times more effective than anything we had ever dealt w1
We then started a long series of road tests, after we ha
to mix small quantities of this material, and converted
into the type of motor that could be operated with t
had a great many practical dufficulties, due to the fact
burns to lead oxide, and that, deposited on the spark
oxide being a good flux for the porcelain and electrodes ¢
plug, which are of nickel. We tried various ingrediel
lead compound and finally used the bromine compoun!
bromide. The lead burns to lead bromine, and it does BY
valve but passes out of the motor.
That is really the high-spot history of this stud,
time we have not done anything on the motor for the
were repeating tests to determine whether we co
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e efly stated, here is where the economic phase of the thing comes
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qel the charac.teristics which prevented us from decreasing the
o ab0Ve the' piston. We have gone back and checked and re-
o] many times the mechanics of this thing.

s you Increase the compression you get a higher gain in effi-

By ot the partial loads or driving speeds of the motor, and it is
| Dl for us to-day to build motors that will give us at least 50
b ot jnc.rease in efficiency, and I do not think it is at all out of
 range of good engineering to double the economy of gasoline.
fat is the problem which we are working at entirely from the
omics of the situation, recognizing that to-day with the enor-
s increase in automobiles, we will use 12,000,000,000 gallons of
line this year and 15,000,000,000 next year, and at the increasing
e we have got to do one of two things: We must build motor:'
sich are more efficient—we must build motors of very much smaller
s and sacrifice a great many factors which we now enjoy in the
for industry, or we must do something which will allow us to get
e work out of the fuel unit. Now, in regard to the building of
h motors, there is nothing of a patentable or unknown thing in
gbuilding of higher efficiency motors. Our neighbors on the other
o 2 few years ago built high compression, relatively high effi-
ey motors, because we shipped to them a better grade of gasoline
1 we use in this country. They did not have tank wagons and
tefore, we shipped the gasoline over there in tins, and, with thej
ke'tsed clost, it made very little difference whether they bought
hne of 2 or 3 or 4 cents lower grade or higher. Consequently,
tllrsrfala hlgher grade of gasoline in our export machines, and a
Bine 1y times we have had lette.rs saying, “.Why don’t you go
pe and buy European machines and bring them over here

&ty them out?” We have done that very consistently, and have

been able to drive them under American conditions with
lﬁan gasoline.
0 y . 3
0111n§ at 1‘t entirely from the economy standpoint, so far as our
e?ﬁ%fs in 10 to 12 years, we know of no way of getting in-
‘ clency other than changing the compression or redesign-

Notoype £ .
s from many standpoints. The automotive art to-day

'S en o -
1 b:Ubh tg design motors to take a better fuel, but it is handi-
Cause it has not been able to do it.

iZee ltrlllti‘fquction of so-callefd ethyl gasoline on the market we
. %V Ul)ere were many factors in its marketing that we did
o 1, fuel i)ecognlzed that'we would have to get a distribution
. el before chapges in motor design would be effective.
oy, “gf states the h%story and purely economic phases of the
e have been interested in it from the motor industry
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