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Particulate Lead Compounds in Automobile Exhaust Cas

Sumnary

Studies to determine the amoﬁnt, composition, and particle size distribution
of the lead compounds present in engine exhaust gases have been made with
lsboratory engines and with two conventional cars operated on fusls containing
tatraethyllead, No studies were made of the e:chéustfed carbon and organic
particulate matier,

Apprcmtely 20 to 30 percent of the lead burned in the fuel was retained
in passenger car exhaust systom depbsits and lubricating omﬁng 70 to 80
percent of the lead to be exhausted over a 20,'000 to 30,000, period of city
and country driving. Iead emission was increaced by speed, The lead recovered
from the exhaust gas under city-type driving conditions, which included idling,
acceleration, deceleration and cruise conditions, normally ranged fron_: 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 after extensive
light-duty service. Howsver, under sustained high-spsed driving conditions or
during high=speed fullai'hrottle accelerations, the amount of exhausted lead
initisdly was *evc.ral tzmes grea‘ber then the amount burned but dmﬂ.nismd in

quantity as the exhaust system became cleaner with continued severs service.

= The exhausted particles ranged in size from 0,005 micron to several milli-
;:: meters in diameter, Particles smeller than one micx:on were by far‘ the most |
;:: nUmMArous, but accounted for less than S weight percent of the exhausted legdo

= 'ﬁeavy particles 5 microns and larger, which might be expocted to settle rapidiyy
lLé represented about 25 ‘percent of ths exhausted lead under city-type drivingi but

increased to about 40 parcent under accelerating conditions.

The lead was exhausted principally as mixturss of PbCleBr; < and tﬁ forms
of WH}Ci-2PbCleBr, and 2NH}CleFbCleBr, together with small amounts of PbSOL and
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was oxhausted as 3Fb3(PO))ocFull-Br,
The amcunt of ;Qad exhansted was proporiicnal to the concentration of TiL
in gasolino, bu%b particle size distribution and composition were independent of
this varisble, HNeither phosphorus=containing gasoline additives stor chanpges
in fwel sulfur concéntration intreduced definite changes in the amount andAsize
of the exhausted lesd compounds, and ounly phosphérus altered their composition.
The quantity of lead exhausted in size ranges which might remsin suspended
in the atmogphere appears to bs reduced byAconditicns which preduce low gas veleo~
cities and low tomperatures in exhaust gystems. These would include design fectors
such ag muliiple exhaush systems a8 well as coperating factors. Since lower~speaed
deviving conditions &s are encountered in congested areas tend to minimize lezd
enlgsion, this facl probebly expleins why the reported ansiyses of urban air show
laad concentréticns which are lew in respest to hygienic standards, and in respoct

o the amovnt of lezd burned.
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Introgaciion

The current interest in the contribution of avtomebile exhaust gas o sinose
pheric peliutica has led to many recent studles of the miner constituents of er=
haust gas, such as incompletely burned hydrocarbens, carbon monowide, and the oxides
of nitregen and suliur, However, no rotent work has been reporied on the pavrticu~
lzte lead compounds wiich are present also o 2 small degree in wost avtomcbile
emlogsions. These lead compounds are present because virtually 21li aubomotive
gasolines contsin totrasthyllead (TEL} in concentrations up to 3.0 wmilliiiters
pay gallon (0-113 wb. porceni lez}. 9EL hes been used in thic mamer since

1926, and has helped to provide economlcally the improved antilmeehr guelity of

{.J-

feoio which has beun reguived o keop pacc with the introductisn of more efficient
g :

enginss having higher compression 2ebics.

1=

In additicn to TEL, comperclol antilmeckh fiuide elso conliin ethylenc dd-

L iNS
bromide and ebhylene dichloride. These compounds, whdch are kmoun ag scavensers,

are necessary o preveny the sccumalablon of Jead ozides in engine cowbusbion

chembers. Thelr funciien is to converd iesad oxide inbto lead hwlides, wileh have
groater velalilivy st engine tewmperatures and can bs expelled from the enging.
Thorefors, the eliminaticn of leszd from engines would be explsied te be atcovpenied

by whe discharge of partisulate oxides and halides of lezd

When TEL flvst cawe inbe uvss, there was apprehensicn on the pary of publis
health authorities as to the degree of haze hdeh it might crezic. Because
of this, extensive investigatlons were carried cuh in this and cther countries
to determine the physiclogical effects caused by eipesure o the prosucts of
combustica of leaded fuels (I, 2, 3, k). Theso studies showed thet there was

LA

0o nesc for scneern at normal concentrations of TEL even under the most adversc




onditions such as in tunnsls, confined garages end in heavy traffic, inasmmch

s provisions for ventilation ware roquired o prevent excessive concentrabions
of exhaust gas and carbon monoxlde. The conclucions reached in these eorly studies
have been entirely borne out by experience in the ensuing years, HNot only hes
ne trouble duwe to lead poisoning developed; buy anelyses of alr in nsany cities
in recent years have shown neo instences in which lead in the air has been mors
than a small fraction of the scceepited concentration 1imit. These analyses have
suggested that much of the lead burned in geseiine is not exhausted in forms
which can be suspended in the aimosphere, and because of this studies hove beon
made to determine ths mavner in which lead compounds are exhavsted from wmedern
cars and from laboratory engines. These studies have been directed toward de-
ternining the amount, compositica, and perticie sizes of the exhimusted lecad con

2

Reporied investigaiions of sugpended sollds in uvben sitwmosphoves hewve shov

-

thes partleles Javper then Uhree microng in diameter wore preseant rareliyr, and
thot most of the suepended particles were less than twe micrens in size (5). Boo
cansae of this, the exkausted lead compounds have been clazssified into two breoac

gize ranges, fines up o 5 microns in diamster, and coarse perticles laveer then

5 microns. Further claseifieation cf the fincs into one wmicron size ranzsc

hie

i

o

(»

beon accomplished in most of tho work.

The studies of exhausted lead compounds have evolved through several phases.
Inleially, vhe exhausted material was collecited fvom single=cylinder engines with
only a sminlmmua lengtih of exhaust pipe. Following this, dynamometer btesis ware

£y
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mads with a passenger car engine egquipped with its complote exhausd sysiems end
finally to simulate passenper-car service under city=driving condiltions, chassis
dymanoneter Lests were made wilh twe cars of differend wake:s. DEvaluations wers

mede of the effects of operabing conditions and of thwres fuel varisbles, TEL

concentration. sulfur concentrabion, and phosphorus-contnining addibives.
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