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. (Proposed Research Memorandum for Release to Customer Companies)
Perticulate Lead Compounds in Automobile Exhaust Gas

Sumary
Studies to dotermine the amoﬁnt, composition, and particle size distribution
of the lesd compounds present in engine exhaust gases have been made with
lsboratory engines and with two cbnventional cars operated on fuéls containing
tatrasthyllead, No studies were made of ths exhéust_,ed carbon and organic
particulate matiers
Appromtely 20 to 30 percent of the lead burned in the fuel was retained

in passenger car exhaust system depos.n‘,s and lubricating omﬁng 70 to 80
parcent of the lead to be exhausted over a 20,000 to 30,000 period of city
and country driving. ILead emission was increased by speed. The lead recovered
from the exhaust gas under city-Uype driving conditions, which included idling,
acceleration, deceleration and cruise conditions, normally ranged frem 20 por=
cent of the lea\d burned when ths exhaust system was comparatively clean, to as
high as 60 percent when the exhaust system was heavily deposited afier extensive
light-duty service. However, under sustained high-spsed driving conditions or
during high=speed fulla?hrottle accolerations, the amount of exhausted lead -
initlally was vevc.ral tmes greater thon the amount burnesd bui dminis}ed in
quantity as the exhaust system became cleaner with continued severe service,
The exhaﬁéted perticles ranged in size from 0,005 micron to several millie-
meters in diameier., Particles smsller than one micz;on weres by far' the mosd |

AUMerous, but accounted for less than 5 weight percent of the exhausted :!.e::y:'&o

'Heavy particles 5 microns and larger, which might be expacted to settle rapidiyy

represented aboubt 25 lpercent of the exhausted lead under city=typo driving but
increased to about 4O percent under accelerating conditions.

The lead was exhausted principally as mixtures of PbCleBr, « and ‘.6’ forms
of NH}C1-2PbCleBr, and 2NH}Cl-FbCleBr, together with small amounts of PuSO) and



was exhausted as 3Fb3(PO))o°Foll-Br,

The amount of lead exhausted was proportiecnal to the concentration of TEIL
in gasoline. bub particle size distribution and composition were indepondent of
this variasble. Neithor pheosphorus=containing gasoline additives nor chanpges
in fuel sulfur concéntration introduced definite changes in the amount and‘size
of ths exhausted lead compounds, and only phosphérus altered their composition.

The quantity of Jead exhausted in size ranges which might remain suspended
in the atmeosphere appears 1o be reduced by conditions which preduce low gas velo~
cities and low tomperaturss in exhaust systems. These would inelude design fsetors
such ag mullliple exhaust sysier wll as coperating factors. Since lower-spaed
driving conditvions &s are encouniered in congested areas tend to minimize lezd
endlgsion, this fact probebly explains why the reported anaiyses of urban air show

2 necenbrations which are Llew ir et o Lol e angd in rvespest
load concentrations which are lew in respest to ienic standards, and i 2B10L

to the anount of lead burned.
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Introtdacvlon

The current intarest in the contribubion of aviomcbile exhauyt gas to sinos-
pheric peliuvitica has led teo many recent studles of the minoer consiituents of exw
haust gas, such as incompleiely burned hydrocarbens, carbon monoxide, and the oxides
of nitrogen and sulfur, However, no ratent work has been reporied on the parbticu~
lzte lead compounds which are present alse o 2 small degrae in wost automcbile
emligsions. These lead compounds are present because virtually ali aubomotive
gasolines contain tetrasthyllead (TEL} in concentrations up to 3.0 milliiiter
oy gailon (0-113 wb. porcenmi lezd}. TEL hes been uwsed in thisc mamer since
1926, and has hslped o provide economically the improved anbtiknsek quelivy of
fvoie witich has been reguired Ho keep pacc with the introductisu of more efficient
engines having bigher compression ratics.

in edditicn to TEL, commereinl snvilmock: Fivwids elgo conbain ethiviensy éi=
bromide and ebhylene dichloride. Tnese compemnds.
are necessary o proveny the sosumulobicn of Jesd oxides in engine covbustion

chombers. Their functicon

[N
[l

o Lo converd lead otide indo lead lwlides, walch h;ve
greaster velablility ab engine temperatures and can be expelilied from the eanging.

Therefore, the elimination of lezd frem englines would be euplsied it be accowpenied
by bhe discharge of partisulate oxides and halides of leazd.

When TEL flvst came inte use, there was apprehension o tim part of publis

health auvthorities as to the degree of hazerd which it mighd cresic. Because

03

of this, extensive investigatlons were carried cub in this and cther countries
to determine the physiclogical effects caused by expesure to the presducts of
conbustica of leeded fuels {1, 2, 3, hj). Theso situdies showed thut there was

no nesd for concern at noynal concentrabions of TEL even under the most adverse



corditions such as in tunnels, confined garages and in heavy traffic, inasmuch
25 provisicns for ventilation weare roquired to prevent excessive concentrabions
of exhaust gas and carbon wonoxlde. The conclucions reached in these esrly studies
have been entirely borne out by experience in the ensuing years, Nobt only hos
ne trouble dwe to lead poisoxﬁng developad, bud anslyses of alr in many cities

in recent years have shown no instances in which lead in the air has been more

than a small fracticn of the sccepted concentration limi These analyses have
suggested that ruch of thz lead burned in gaseline is nobt exhausted in forms

.

which can be suspended in the aimosphere, and becavse of this studies hove beon
made to determine the mavner in which lead compounds are exhausted from medern
cars and from laboratory engines. These studies have beoen direscted toward de-

ternining the amount, compositicn, and periicie sizes of the exhousted lead coi-

poundes .
Reporicd invesbiszitions of sugpended solids in wben zimosphores hove ghom

thot most of the sugpended pardticles were less than twoe micvens in size (5). B
cause of this, the exbausted Jead compounds have bsen classified into two broac
cize ranges, fines up %o 5 microns in diamster, and coarse periicles lurger then
5 microns. Furthor classification cf the finos inte ong micron size ranz
beon accomplished in most of tho work.

The studies of exhausied lead compounds have ewolved tircugh several phas

Coale

Imleially, the exhausted material was collected Irom single=tylinder enpines

SN Wit
only a minimmun length of exhaust pipe. Following this, gymamomster tesis ware
mede with a posgenger car engine eguiyped with its complote exhmust systems and
finally to simulate passenger-car service under ciiy=-driving condibions, chassis

bnanoneter Losts were wmade with twe cars of different wakes. DEveluaticns wors
mede of the effcces of operating conditionz and of thres fuel warizbles, TEL

concentration, sulfur concenvigbtion, and phosphorusscentaining
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