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The 6th and last question, “How is improved knowledge in this
field to be obtained? "By whom? How soonf”, leaves me in the field
of s lation.

Many of you already know of the very substantial program being
conducted by the automobile industry to improve knowledge in the
areas outlined in the questions above. ~There are many other facilities
at worlﬁl including the U.S. Public Health Service; the Los Angeles
Air Pollution Control District; the Coordinating Research Council,
American Petroleum Institute; the Air Pollution Foundation; the
Bureau of Mines; and the Air Pollution Control Association; just
to mention a few. These and many other agencies will develop in-
formation as rapidly as technology will permit. How soon will ade-

uate information in these fields be available? T don’t know. The

eld is one where original research and invention are still BX]aymg
a prominent part. Neither of these two can be programmed. The
work is proceeding energetically, and new knowledge is constantly
being obtained. T&th continued hard work and perhaps a little good
luck, some answers should begin to appear soon.

Transportation Sources of Air
Pollution (3)—Petroleum
Charles A. Jones

Wilmington, Calif.
Executive Secretary, Smoke and Fumes Committee
American Petrol Tnatd

Transportation sources of air pollution include aircraft, boats and
ships, trains, trucks, and buses, as well as automobiles. Aircraft and
ships operate primarily in unpoqulated areas, and their contribution
to urban air pollution is relatively insignificant. Trains, trucks, and
buses are, in a great many instances, diesel propelled, and the average
citizen is, from time to time, aware of pollution in the form of odors
and smoke. However, dieasi exhaust is only a very small fraction of
the total air pollution from transportation, and because it is a rela-
tively minor source, little work has been done to control it. Diesel
engines properly o({.»emved and properly maintained produce a mini-
mum of smoke and odors. Research organizations and individuals
studying air-pollution problems are aware of the contribution to air
pollution from diesel exhaust, and research in this field is contem-
plated or is under way in several instances.

Since the major source of pollution from transportation is the ex-
haust from the gasoline-powered automobile, my remarks will be
confined to a study of this problem.

If a gasoline engine could be operated to produce complete com-
bustion, the exhaust products would be carbon dioxide, water, and
oxides of nitrogen. Unfortunately the combustion process is not
complete in any practical engine, and the resulting exhaust contains
hydrocarbons, oxygenated products, carbon monoxide, soot, and
smoke, as well as carbon dioxide, water, and oxides of nitrogen.

Carbon monoxide is a toxic constituent of exhaust and as such
may in certain instances be a health hazard. Oxygenated products
Eroduoo annoying odors, and smoke from exhausts contributes to visi-

ility reduction and general soiling of the surroundings, The hydro-
carbons and the oxides of nitrogen react in the presence of air and
sunlight to produce the manifestations known in Los Angeles as
“smog,” characterized by eye irritation, the formation of areosols,
damage to v tion, and increased concentration of oxidant, princi-
pally ozone, in the atmosphere. Automobile exhaust contains some-
thing of the order of 300 to 5,000 parts per million hydrocarbons,
depending upon the driving cycle. In Los Angeles County, about
28} million cars consume an estimated ¢ million gallons of gasoline
daily, so it is readily apparent that in this area at least, automobile
exhaust is a primary source of air polluti It is estimated that hy-
drocarbon emissions from automobiles in Los Angeles County amount
to about 1,000 tons per day. This is ten times the hydrocarbon emis-
sion from all the refineries operating in the area.

The petroleum industry supplies the fuel used by the automobile,
and thus has a sincere interest in the solution to the problem of pol-
lution from automobile exhaust. The stated objective of the Smoke
and Fumes Committee of the American Petrolenm Institute is “to
determine the causes and methods of control of objectionable atmos-
pheric pollution resulting from the production, manufacture, trans-
portation, sale and use of petroleum and its products.”

Several laboratories have repeatedly demonstrated that ozone, eye-
irritating materials, and aerosols are formed when hydrocarbons and
oxides of nitrogen in concentrations in the parts-per-million mnFe
are mixed with air and irradiated with artificial sunlight. The abili-

ty to ])roduee and control this reaction in the laboratory has made
Possibe a study of many of the variables suspected to influence
‘smog” formation.

Motor gasoline is a complex mixture of hydrocarbons with a wide
range of chemical and physical properties. To insure that automo-
biles will respond satisfactorily under all conditions of operation, the
fuel must be properly balanced. The driver expects his car to start
easily, warm up fast, and respond instantly when he steps on the ac-
celerator. In addition, he demands good mileage and a line free
from knock. To meet all these requirements, refiners blend gasoline
to take into account the geographical location and the season of the
year as well as the characteristics of the motor car itself.

The knowledge that trace quantities of hydrocarbons present in
automobile exhaust play a critical role in the smog-forming reactions
has led to the suggestion that some modification in fuel composition
might produce an exhaust with less air pollution potential than
motor f?le]s presently in use, Changes in fuel composition could not
be expected to reduce the fofal amount of hydrocarbon present in
automobile exhaust: the only possibility would be to change the #ype
of hydrocarbons emitted.

In an effort to provide factual information on the effect of fuel
composition on air pollution manifestations from automobile exhaust,
the Air Pollution Foundation and the Smoke and Fumes Commit-
tee of the American Petroleum Institute entered into a cooperative
research program during the period June 1957 to June 1958 to in-
vestigate this problem thoroughly. Facilities developed at Stanford



Research Institute for the irradiation and study of diluted auto ex-
haust were provided under APF sponsorship. The Franklin Insti-
tute Mobile Air Pollution Laboratory, housing long-path infrared
e(glipmen and the facilities of the University o%Cali ornia at River-
side Air Pollution Research Group were brought into the problem
under the sponsorship of the APL

The study was designed primarily to study the manifestations of
air pollution such as eye irritation, aerosol formation, ozone forma-
tion, plant damage, and various chemical factors from the exhausts
from test fuels. It was not the purpose of this project to establish
the chemical nature or the manner of formation of the products of
the photochemical reactions.

The equipment used included a test automobile mounted on a

hassis dy ter and equipped with suitable automatic controls
to produce the various phases of automobile operation. The exhaust
produced was collected, diluted with purified air, and pumped into
a 520-cubic foot chamber where artificial light sources were used
to simulate sunlight irradiation. Chemical sampling devices and
test instruments were provided to monitor the exhaust mixture, and
a panel of male college students was used to measure eye irritation.
Four test fuels were used in this study. Three fuels representing
extremes in hydrocarbon composition were compared with a blend
of commercial gasolines sold in Los Angeles. Four automobiles were
selected, representing tﬁpical cars found on the road today. The
cars were not new, but had indicated mileages from 22,000 to 60,000
miles. These cars were tuned and equipped with new points and plugs
before the tests were carried out, but were not otherwise serviced.

In studying automobile exhaust, the operating cycle chosen is an
important variable. Under idling and decelerating conditions, the
exhaust is high in_hydrocarbon content, while under cruising and
accelerating conditions, hydroearbon emission is less and oxides of
nitrogen emission increases. Earlier work by the Air Pollution
Foundation has shown that eye irritation depends to a large extent
upon the concentration of hydrocarbons and the ratio of hydro-
carbons to oxides of nitrogen in the exhaust mixture. Thus, it is
ngparent that a choice of operating cycles is important in a study
of this kind. To match the actual situation as closely as possible,
the driving cycle used followed a traffic pattern survey conducted by
the Automobile Manufacturers Association in Los Angeles.

The results of these experiments have shown that substantial eye
irritation was develo; from the irradiated exhaunst from each of
the four fuels tested. The exhaust from the highly olefinic fuel
reacted more rapidly under irradiation than exhaust from the other
fuels tested. TEI‘. rate of ozone formation from irradiated exhaust
varied with fuel composition, but the quantity of ozone produced
was independent of fuel composition. During a number of experi-
ments, plants were exposed to irradiated exhaust with the intention
of eomparing damage produced by the different samples. None of
the exhausts produced more than slight traces of the oxidant-type
plant damage characteristic of “smog.” Individual automobiles vary
markedly in the air polluting potential of their exhausts, and dif-
ferences in automobiles have as great an effect on the manifestations
of air pollution from exhaust as do differences in fuel composition.

A study of a somewhat similar nature is in progress at the Bureau
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of Mines Petroleum Exferiment. Station in Bartlesville, Okla. Here
the primary emphasis has been on the analysis of exhaust gases to
determine the hydrocarbon composition. As a part of this study,
many different glsl types have been used in a test engine and the
exhaust products analyzed. Results from this study have shown
that olefin contents of exhaust hydrocarbons tend to increase with
increase in engine severity, regardless of the fuel used. In terms
of fuel composition, aromatic compounds in a fuel are heavily re-
flected in the exhaust products, whif:oleﬁns in fuel are reflected to a
less]er degree in exhaust, but are heavily influenced by the driving
cle.
cyThu it is apparent that while changes in fuel composition do have
some effect on the hydrocarbon ition of the ex} , No ap-
reciable effect on air pollution manifestations can be accomplished
Ey changing fuel composition. As long as there are hydrocarbons
and oxides of nitrogen emitted from the tailpipes of automobiles,
we can_expect to have eye—smnrtir}ﬁ, visibility-reducing “smog” in
areas like Los Angeles where traffic density is high and natural
ventilation is poor. only sound approach to the problem seems
to be to add to our automobiles n device to convert the exhaust to that
ideal condition mentioned earlier where the products of combustion
are harmless carbon dioxide and water.

DISCUSSION

Dr. Cuaxsers. It is evident from the material that has been pre-
sented in all three papers pertinent to the subject on hand, namely the
automobile as a source of pollution, that there has been no collusion
among the three authors covering essentially the same ground. We
have come up with about the same determination as far as the pollut-
ants contributed by automobiles are concerned.

While this is not strictly related to the automobile as a source of
pollution, many of us would have to take the position that the con-
clusion stated at the end of Mr. Jones’ paper, namely that no practical
affect can be realized by any change in fuel composition, is not yet
sroved. We can say this with a reasonable d of definiteness in
view of the fact that the data produced by the foundation referred to
3y Mr. Jones are now in the form of a report, and I eall your attention
0 the inconsistencies in the various conclusions drawn by the authors
f that report.

The problem is not settled. I am not contending that it will be
asttled favorably. I don’t know. But I don’t believe that on the
asis of present evidence we can conclude any more than that the
ubject is one which should be studied, although not with the ex]:becm-
ion that full composition control can ever egect a complete solution
£ the hydrocarbon problems. That, I agree, will only come about
rith the development of some tailpipe device which will essentially
wrn up the hydrocarbon.

On the other hand, practically, we have to recognize that any such
levice that is now in sight is potentially so costly that to apply it in

community like Los Angeles, for example, is going to mean an

ependiture of a half billion to a billion dollars. my opinion the
ablic in any locality is going to be much more suseeptible to a partial
slution if it can be accomplished on a more economical basis.
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