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March 3, 1950

Mr. P. L. Maglll,

- etanford Fesearch Inst*tute,

Stanford Yniversity,
Stanford, Val-lo“nla.

Dear er ﬂagill.

Mr. L« B. Foberts has told me of the quesiions ralsed by you at
a recent meeting, with the suggesticn that you would be Iinterested

Cin tmving certalin further i*tams. OL informatlion. I am pleased to
pive
Fery o,

wou some additlicnal information, and if I sank"‘ﬁnWV you with
nere later, I should be: 3leaspd to do so. :

&‘

Youx ducsfion Now 1, a8 glven me b"»%r. Robertis, concerns the
dispusition of lead in the erxhaust gas of autcmoblles. . The ansver
t& this cuestinn ‘is-avallable only in generzl teims, ahd 1s nct
rava¢lacie in the 'preclge terms tkat relate to the‘neWestvkind of
utconobiles .- Inveqtigeticns were made a number of yearsago, by

 ,eqL1ppiny automobilles with Cottrel precipitetors ﬂf high efficiency.,

and removing from the exhaust stream zll but traces cf the lead
compound . Following the use of this equirment cver a certain mlleage,
engines were torn down and as much as »éesible of the dccumulated

‘lead compounds gatbered and analyzed. The results of these deter-

minations d mcnﬂtratad that somewhat variable quantities of lead

ceompound® remained: in t“eiﬂvhauwt system,; In which th@g‘cunacnced out
~and accumulated.on the sides of the tube. The proporitlon varied with

the newness = of the cgr and the cleanliness of the exhausi system,
tending somewnat tc reach a zort of equilibrium iﬁ ;cngmhc;y in the .
neighborhwood of SG% of the total lzad burmed. in the fuecl. It would
be very aifficult to say what 1ls the cverall plecture in this Lebard,
since the quanbit*en d@ﬁOSLth in the exhaust system may be 1ictle
as 25 or 30%, and as great as 75% of the lead which is 1In’ thc
gasoline. In any case, that which accumulates in the exhaust system

is a source of little or no pollution of the aimosphere, since to the .
‘exicut Lhat it subsequently gets cut of the exhaust system it 1s -
‘provably jarred loose and falls 'in chunks, go to speak, on the
_*street or rosdway. I do not have beside me all the data that are
“available on this subject in relation to actual road us e of automo=

biles. A conziderable number of such data are avallable, and they
can be obtained, but actually if one were to establish the facis in
terms of preapnt day operations, these experimenta would have to be
repeated, since automobille cnsines and exhaunst systems differ in a-
number of respects from those - -avallable when the observatlons were

Your question uumbew 2 concernc‘the natafe of the chemiéal campounds.
in the exhaust gas. This depends primarily on the quantity and
character of the halogen carrier mixed with tetraethyl lead to make

“the antiknock compound. In automobile fuels, at present, ethylensa

dibromide and. ethvlene dichloride are used, and the lead is converted
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to the c¢orresponding halogen al.“ in approximately the proportions
in which the two cccur iu thei ixture. In additlon small quantities
of “the oxide,;sulphadc‘und,probably,carbonate.occur, but all of these
individually and colliectively cccur in negligible concentrations.

The halognn carrier ls introduced into the fluld In guantities . ]
l75h[ng in excess 'of the theoretical required for thc conversion of

all of the lead to the halogen galis. The extent of the excess has
varled Irom timo to time, but there has always been .some exces
Moreover iLne prouo“*¢0n of the bromide in the flu*d as ecmpawed Lo
chloride, has varied from %time to time over the Vpawq, largely in
accordance with the aoproximate ﬁemneraf re of engine nncrafiop,

nce the purpose of the. halezen, 18 i'o sonvert +he lead to the
ucmvouna which will be wolatilized almost completely out of the
engine under the conditions of nﬁrﬂ&l one=st10n. ‘

Teyw data are available

Your next gues 1, - rticle slze.

on the aﬂ*udl e size o¥ the lsad compound In the exhaust gas.
Such obse vacions as nave heen made from time to time have demon=
utratea tnaf thu narticles ave exceedingly small, well under 1 micron,
and that tney settle out wery slowly indeed, It "igehl Jaosi. Gyom
observat ons T At it is esasy teo ebtain 7ead hvﬂmsd#/ nighly finely.

~divided 1urm 0 g very uniform cxten by the comcuﬂtihn o1l %%%i-ne.

-

Obiservations have been made vwith refer onwe to the massage of/ the ;
particles through ordinary filtering medla. an Cig known that cnly
the very best and most efficient £ilters will he passage of
these particles. C(onsequentiy, alihough I do no 1
- adequate data giving the distribution of rarticle
-clear from the ohservaiilons that ha"e”beeﬁ mnadae, bo
nvsiolov¢c 1, that ihﬂ;l?? in the exhaust mas is
~dilvided Torm &@s to PBehave substantially 1ike
ncderaie peri oaa of 1Lma and 13deed jn wespi“
cearried out by fant an the 2 Peau Q? ﬂine manv
- years ago. in their 7
that a 7¢1ye wroporti
this fashion, is 11“
of Mines?t revncrt of theil
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Ghlem. 1t was estaplis
2 in alr contaminated in
3 Tncidentally, covles of the Bureau
servatlong on the study ol this entirs
problem are very difficult %o ohtain, being, I belleve, substantially
out of print. -L have a *ew coples which I have hsld onto, and so fax.
as I know nocne cther are available. I should be willing to loan a
~copy to anyone Vho has reagon te bhe interested in these experinents,
- but so far as I know there are none available for distrlbulion, and
. I cannot nrov1dﬁ any coples other than on the basis of a loan.

Further question.has been ralsed concerning the fate of the excess
“halogen in the antiknock compound. So far as I know, 1o osuurv@ui>ns
have been made that would clearly define the preclse fate of the
halogens. The presumption is that conversion to the halegen acid
occurs, but what proportion this is of the total excess, is not knoum,
so far as I am able to discover. Observations have been made that
~indicate that, hydrobromic acid, for example, is present in mlnute
.concentration. Moreover, I have heard some Ilndividuals claim that
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they could identify the hydrcbromic. acid. Perhaps this is true,
but I have never been able to do it. In any case, the concentratlion
of hydrobromic acid 13 quite low.

The‘next question relates to the source of other 1ead compounds which
occur in the atmosphere. This 1s an interesting question, and the
answer to it is far from being complete in all respects. There are,
however, a number of significant sources. One source that is. important,
and.is probably the greatest single factor,is that of the combustion '
of common fuels in urban and in industrial centers. Coal contains
apprecliable quantities of lead: wood and other fuels of natural

or*gin contain scmewhat less, but the result of the combustion of

all of these is to release variable quantities of lead into the
atmosphere. Soil contains variable but appreclable quantities of

lead, oning,wherever it occurs,the result of the disintegration of
stonas in which appreciable quantities of lead are always found.
The soil is more or less pulverized on the surface of the earth, and
when it is dry it is nicked up by air currents and distributed into

the atmosphere. Unquestionably there are other sources of lead

- compounds in’ tae atmosphere, including, of course, the activities

-~ that go on in industrial areas. The dlsi;lbutlon of lead in-the

ity of Cincinnati is least in the open country a:ound, and gyeatest
" in the industrial areas. The lead conpentration alon& highly

traveled highways may show some increase abbve that in other parts

of the city, but the quantities here are always, in our expevience,
‘less than those found in certain characteristic Industrial areas.
‘Actually we have had considerable difxicultg in our observations of
the occurrence of lead in the atmosphere to find that increment which
‘should be attributed to the’ contaanasaon of ‘the atmosphere with the
exhaust gases. of automoblles. That there 1s such an lncrement goes:
HW¢thouL‘cuestLon, but it rather tends to get lost in the other sources.
" We have thought we might be able to determine 1ts quantitative signifi-«
. cance, by measuring the proportlion of lead which occurs in the form

of lead brodee.‘ OQur efforts along this line have been rather scanty
up to the present time, but we antlcipate following ocut this lead for
our own purposes. JIn connection With the overall sources of lead in
the atmosphere, it will interest you to know .that some considerable
improvement in the atmosphere of'Clncinnati has been obtalned in the

:i‘ifpast year or two, through efforts to control smoke and soot and fly

ash. Coincident with this: improvement we have noted a sign¢ficdnu

drop in the lead concentration in the: general atmosphere of the :

comaunity. This is the biggest change that has occurred in the p;cture

- over a period of several years,insofar as the lead concentration in

- the atmosphere generally is concerned, and it is fairly apparent %o

us that this is a very significant fact. The present overall con-

centrations of lead in areas other than iIndustrial areas in Cincinnati

-at present average along 03 mg. of lead per 10 cublc liters of air.

fur resulis of some years ago averaged well above this level, being
nearly twice this figure.

o In connection W*th this . entixe problem, it will. 1ntere3u you to know
- that wve have planned a rather elaborate study of the total lead
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metabolism cf human subjects maintalned for approximately 7 hours
per day on 5 days a week in a carefully measured concentration of
a specific lead compound in a known and fairly uniform state of
subdivision in the atmosphere. We know of no way in which the
nroblem of industrial lead exposure can be pubt on a sound basis
other than by this type of study. By a cvstematic study of this-.
type we heope to add that informatlion,on the inhalation side, that -
ve werc able to make avalla ble on the ingestion aspects of lead
absorption. : :

I have beoen told that some very considerable interest has arisen in
certain clrcles in Los Angeles over the problem of the lead content

of the atﬁosphere, and prevumablj that fraction derived from the
¢xhaust gas cf automoblles. Eecently I heard some comments to the
effect that lead bromide might be a lacrimator, and that it might

be responsible Ior some of the eye irritation that has been complavned
of . ”o“eﬁver, I have been told that some representations have been
made in relation to the potentlal hazards of lead in the atmosphere,
hased on certaln rather naive caleulations of the total amounts of
lead available in gasoline consumed in-the Los Angeles area, and .
tErefore being dlSS”“Luted into the atmoanbeve These guestions
were all raised a good many years Lgo, ‘n  somewhat -the same naive
manner . A very conslderable amount of work has been done toanswer
ome of th

3 e questions, and all of these data could be gathered together
for the purpose of d&mozstzauiﬁf ne approzimate significance of the .
problem. iI¥ it became necessary to do uhu s 1 should be very glad to
render the assistance that I can. 1 trust, however, that the problem
at issue can be considered on a somevhat more realistic basis. We

have Dheen xorking‘arouné toward this problem for & number of years

ana L belleve that ve are nov so situabted that the quesbi ns ai issue

~ ¢an og ansvered in a vbo?lbhuatiufaﬂﬁory manner. While it is & costly
undertaking, it 1s not too difficult to ascertaln the facts concerning
the actual degree of the conbamlﬁatﬂon of" the atmosppere of represell=
tative cliies In this country and slsevhere, and I feel certain that it
will be possible to establish where the limits of oafeby‘?io in this
regard. We shall then be able to establish the extent of the safety
fagtor";at'exiutg at any time in relation to the existing CORGLLLORS.
As you may he aware, we have been following the lecad ChC?ethﬂ 01 ‘
rathen «1"ablnvnumaers of" poon’e over & period of "some years. I have
no hesitation whatever in saying that - the safety Tactor in comaunity
lead absorption, &s the resulits of the contamination of the atmosphere
with lgad, is satisfactorily langé. There may be speclfic exceptions
to this rule, in that persons who live in the immediate vicinity of-
an industrial plan* in which lead compounds are used extensively, may
find deposits of lcad compounds in the household, as well as lead
co ncencrat%cns in the atmosph ere that moves about them, to be above
wholly satisfactory levels.

Finally, lei me say that if this problem should become one of consi=-
derable Importance in the Los Angeles area, I should consider it a
privilege to have an opportunity to come out and to talk with the
neople who vculd be concerned in the problem and in the means of
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attack upon it.

I trust that what I have gaid above will answer some of your

questions, and it seems likely that others may arise. In any case,
:f you have any fuwtﬂer guestions, I shall do uy best to ansver

Cordially yours,

rehoe 3 M. D.

ij

I_Obelﬁt A .

EN

:Vrest you in connection with this problem ai issue. There is no
n in them that will actually answer your guestions, but they wil
demonsirate something of the manmer in which we have

S« I am sendnnb a “cw “e rints under sep rate ¢over wiiceh may

zast ,
ocached the problem of lead absorpilon and e C*thOi nre Jioablj,
Uill‘gLVG you a e¢iue to the methods qnlcb Ve gxpect to . use ia
study of imhalation as well as further study of le ad.v_azb rstion.
obgervatlions made on experinental su bdeccs v¢l¢ have to include
o the sources of lead absorpilion that are now knuvn Lo 8XisT,
the subjects will have to be followed carefully with res pect.

;
fad
C’.)

rith v
g intake of lead in their ordinery diet, 4gv_4g ihe pericd of
LEperd nennauiongf ‘

Repfints 1ﬂaer gepanatb COVET .

=,

e Metals in Drinking VWatexr
;on or Lead Ccompounds

B t
S Pe S,-”Some 1agulry on this same subject uas come to né Indirectly
vfrcm & Kr. Paul Grimes of the L. A. County Smog Control Commission.
fou may or may not have -the means of talking to Mr. Grimes, but if
F“L ghould, the ”LAGIﬂub¢uﬁ you might glve him might be helpful to

11& ana LG me.

- | VE ﬂﬂé"zlﬁ?ﬁﬂ



