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This sroup Se§si0n On atmospheric pollution i spon-
sored at this mid-year meeting by the Committeé) :
Dis‘posal of Refinery Wastes, which 1S one of the mor};
active of the committees of the Division of Refining. I
consider it a great privilege to be asked to be the chair-
man at this meeting, and believe it will be an interest-
ing one.

At the outset I should like to repeat an announce-
ment which has been made at one or two other places.
This is that there has been one addition to the program.
We shall have three papers as scheduled, and then
promptly at 11:30 there will be the initial showing of
a new colored film dealing with atmospheric pollution.
This film has been made by the Stanford Research In-
stitute on behalf of the Western Oil.and‘Gas Associa-
tion: and, although it is designed primarily for 2 non-

' ' ' it ex-
' udience, I believe you will find i |
e Egae the standpoint of the subject

ely interesting from { sub
g:ﬁery of this session. The title of the: film is 'Ii;‘h'e
Case of the Disappearing City”’—certainly an intri-

guing title.

h Corp., San Francisco, Calif.

* (California Researc

—

With your permission, I shall make this announce-
ment several times during the course of the meeting in
order that those who may be coming in late or leaving
will have an opportunity to come back at 11:30 and see

this film.
It has been suggested that there has been perhaps

too much emphasis on the general question of atmos-
pheric pollution—in particular, smog—during recent
months. It happens that this is the second group ses-
sion on this general subject on the West Coast within
the past several weeks. However, those of us who are
particularly concerned with this subject, and who rec-
ognize its importance both technically and as a public-
relations matter, certainly do not agree that it has been
overdone. Sound, open discussion of its various phases
is entirely appropriate and, in fact, very necessary, in
order that we all have an intelligent understanding of
the problems and their solution. Therefore, 1 beli?ve
that it is entirely fitting that this Division of Refining
meeting have a session on atmospheric pollution, and

I trust you will find 1t worthwhile.

£



Vol. 32M L1113

‘%

CTIONS
" AND RICHARD Ik ety

ABSTRACT p— have been spent by the pe‘mleu ’
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also clear the air. Tflese ﬂnifﬁl;z:z Other sincere citl- “;:m ;< a fundamental study of the atmospheri, oxid, 0.
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. The Los e |
:ﬁriguﬂ‘y health depﬂrtmenm;zii{:;hfﬂ'izuis :;)ﬂa - Intelligent abatement of smog can only he brﬂllght

some progress in an early coo .
air pollution. The problem was carrie ,
in 1947, when Assembly Bill No. 1 became law. Ain,
Since the activation of the Los Angeles Coun'ty .
Pollution Control District in 1947, industry in 1 tl?:
county has spent more than $l7,800,0{)0 for contro
equipment to reduce or eliminate emissions to t-he ‘at-
mosphere and to meet regulations set up by the district.

d 1o the state level

about after research has given answers to many the
present questions. Funds must be provided fop this y,,
search. A community can do it through yse of tay
funds, or it can be done by contribution from publie.
spirited organizations such as the Western 0j] and (g,
Association. The problem is complex, and wiJ ot he
solved without support from all parts of the Communpity,

There is a fiction that a million people can’t be
wrong. The fact is that they can be, and frequently
are. Let us consider malaria, for example. The word
means “bad air,” which was originally believed to
cause the disease. Inspired research by a few gifted
persons showed that a mosquito—not bad air—was
responsible for spreading malaria. Popular opinion

finally bowed before knowledge of the faects,

Los Angeles has “bad air” of a sort, It has a pol-
luted atmosphere, but so have many other cities, Per-
haps we hear more about the Los Angeles problem
because 1_:he famed California climate and polluted air
are considered inimical. Perhaps it is Just that Log
Angelenﬂs. are better at publicizing their area, pro and
con. The important point to consider js that a problem

has ex:stted for many years, and continues to exist,

| that some sly industries were disposing of theip aerig]
waste.

The petroleum refineries have been blamed ag being
solely responsible for smog and its attendant eye irri-
tation and reduced visibility, This idea was so firmly
held that, even during a 6-week strike which shut down
[  most of the oil refineries in 1948, the public could not
be convinced that there had been no significant decrease
" Part of this attitude was probably generated
from the view held by control authorities a few years
ago. ?‘hey blamed smog on sulfur dioxide, and the
refineries were the largest emitters of the gas at that
tlme._ The oil industry then installed systems for re-
covering sulfur. At present a large part of the sulfur

WI}ich fﬂrliner]y went to waste is being recovered. In
spite of this, SMmog persists.

The production of butadiene in Log Angeles was be-

*Engineering advisor to

Research Inst., Stanford Ca]jt?e Dept. of Che—‘fﬂisﬂ'&‘
T Assistant to the direc ' ,
Stﬂnford, Calif.

Cafifs.enmr physiea] chemist,

¢ Presented by Mr. Magil

lieved by m§ny to be the cause of eye irritation. People

- complained of eye irritation long after the buta-

. € plants were closed down.

can:nI]Je P‘-‘OP].& have blamed smog on the Mexican vok-
aracutin; some have sy ggested the atom bomb;

and sti]] others h 1 |
_ ave considered mani
festation of the occult, mog to be @
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o Fleets of high-flying bombers should drop
olutto :atel' mist to clear the air,

P W
ronS ﬂfdw ds of other smog cures have been offered,
Hun they have been the result of sincere thinking

clearl&’ art of the people of Los Angeles who seek ways
of tl} their arca of a nuisance. Unfortunately the
o Tl itizen 1s inadequately equipped, either by
.ng oF DY information, to prescribe the cure for a

many of the early citizens moved to Los Angeles in

jer to take advantage of the -Salubrluus climate for
ﬂr]g:-:atiﬂn and vetirement. During the past few dee-
:;les, however, the new settlers came to combine busi-
eSS with pleasure. They thought that a -g'ood place to
live i also a good ]._ulgce to Wﬁr?{. To prc{wde the neces-
cary goods and services for this expanding population,
industry developed apace. With this human activity
came the concomitant problem of waste disposal.

visible air pollution became an official concern as
oarly as 1909, when the‘Lns AI}geles Chamber of Com-
merce adopted a resolutlon_callmg upon the City Coun-
.l to pass a smoke ordinance. An excerpt reads:
«gmoke, which hangs like a pall over the city, makes
an unfavorable impression on tourists and prospective
eitizens.”

world War T came and went. Los Angeles continued
to burgeon. The industrial winning of World War II
added population and dirty air. By 1944 the public
began to clamor against the polluted air, and the word
sgmog” was heard on many lips for the first time., Let-
ters began pouring in to the civic authorities and to the
Los Angeles Chamber of Commerce, which had invited
industry to locate in the area.

About this time the Western Oil and Gas Association
organized a public-health committee to study the waste
problems of the oil industry, and to take whatever
steps were necessary to influence member companies
to prevent all unreasonable and unnecessary pollution
of water and air. This committee, chairmanned by
George J. Murray, Jr., of Tide Water Associated Oil
Company, comprised plant superintendents and chief
chemists.

A committee was also organized within the Los
Angeles Chamber of Commerce in the latter part of
1944. This was known as the Air Pollution Committee
(later the Atmospheric Purification Committee), and it
also was chairmanned by Mr. Murray. This group now
consists of 44 members, comprising representatives of
the chemical-process and other industries, representa-
tives of the governmental agencies such as the Los
Angeles County Air Pollution Control District, the city
and county health departments, the U.S. Weather Bu-
reau, and several consulting engineers. The sole pur-
pose of this committee is to develop and pursue a
voluntary cooperative program between industry a-nd
civic authorities in an effort to aid in correcting air-
pollution problems and to help solve the smog problem

in the area.

L
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Actively participating in the work of this committee
from its inception was the Los Angeles City Health
Department, under Dr. George Uhl, director. Much of
this activity was carried out by Charles Senn, director
of sanitation, and Major Harry E. Kunkel, in direct
charge of air-pollution problems,

In the early stage of the air-pollution comml_tt:ee
operation, a program was organized which provu:‘-ed
for the obtaining of complaints of visible air polution
from citizens through local fire and police departments,
as well as at the Los Angeles City Health Department
and the Los Angeles Chamber of Commerce. At the
bi-weekly committee meetings these complaints were dis-
cussed, and were divided among the committee mem-
bers who would call upon the heads of various com-
panies or organizations against whom the pollution
complaints had been filed. Free engineering counsel
was offered by the committee for solving these prob-
lems. A series of aerial surveys was also made, w1t}1
the cooperation of the Civil Air Patrol, to study condi-
tions in the area.

Late in 1945 the County of Los Angeles created a
new office, that of air-pollution control director. I. A
Deutch was appointed to that position, and the Los
Angeles County Air Pollution Control Department was
activated. Recognizing that smoke and fumes were not
necessarily confined within municipal boundaries, Fhﬂ
department launched a program of contracting :mth
the various municipalities for local surveys, inspections,
and corrective measures. Municipalities were encour-
aged to adopt ordinances conforming with those of the
county. The county offered to help solve local prob-
lems. The Los Angeles Chamber of Commerce en-
dorsed this activity, and announced its willingness_to
cooperate with the municipalities In any way which
would help.

While this county-city cooperative program Wwas
getting under way, the Los Angeles smog problem was
carried to the state level when Assembly Bill No. 1,
known as the state anti-smog law, was introduced and
adopted at the 1947 session of the Califorma state
legislature. The act relates to the control and suppres-
sion of air pollution; provides for the establishment
of air-pollution control districts co-extensive with
county boundaries; and vests broad powers and au-
thority in the law-enforcement agencies created there-
under.

While this state law was being drafted, a vigorous
crusade was launched by the Los Angeles Times. A
steady barrage of articles directed public attention to
supposed culprits and current theories. This news-
paper was a powerful factor in influencing public de-
mand for immediate and drastic action in solving the
smog problem,

The state anti-smog law, signed by the governor,
Jurne 10, 1947, became effective on September 19, 1947 :
and, after the required public notice and hearing, the
Los Angeles Air Pollution Control District was created
thereunder, October 14, 1947. A compulsory permit
system was established almost immediately, and strin-
gent rules and regulations governing various types of
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emissions to the almosphere were subsequently devel-
oped and adopted

*

) The year 1947 Was also important in smog history
ccause of additional a

ctivity in the Los Angeles Cham-

i P gl .
f‘f qﬂmm&rce. A scientific committee was set up to

mn?ittee, a process consulting group
Its primary function was to gulde the
_ ¥y committees, £ ir at-
tention possits es, and to bring to their at

i 8 gk € remedial equipment for reducing emis-
0 the atmosphere. In addition, committees were

laboratory research group was also organized within
the chamber

' to contract with industry groups for test-
Ing and exp

erimental work, The California Manufac-
turers Asso

! ciat_ion also has a waste-disposal committee
which devotes its attention to air and water problems.

Since the creation of the Los Angeles Air-Pollution
Control District in 1947, industry in the county has
spent at least $17,800,000 for control equipment in
order to reduce or eliminate emissions to the atmos-

pl’{ere, and to meet the regulations set up by the dis-
!:rlct. A breakdown of this figure by various industries
is as follows:

Amount Spent

for Control

Industry Equipment
Petroleum .............. .. . $12,500,000
Gray iron foundries........... 2,000,000
S R 1,400,000
Coffee ................. ... . 450,000
Brass foundries ........... .. . 350,000
Steel foundries and smelters. . . .. 300,000
LOMBET" s i i s mien oo n o o et s 300,000
Furniture ................ ... .. 250,000
TRISH oo o5 5 5 & BORITEID o B v e v o e e 150,000
PAIBE: 555280 om0 5 0 5 0 5 % 5 ssamasmmses 100,000
$17,800,000

These and many other facts could be developed to
show that industry has given close attention to the
problem of air pollution in Los Angeles. Of specific
interest to the petroleum industry have been the de-
velopment and activities of the Committee on Smoke
and Fumes within the Western 0Oil and Gas Association.

Western Oil and Gas Association

In December 1946 the presidents of the principal oil
companies in the l.os Angeles area appointed a com-
mittee to have the following general functions: a, to
study the smoke and fumes situation in thg Los An-
geles area; b, to determine to what extent, if any, the
refineries were contributing to the causes which re-
sulted in poor visibility, eye irritation, and other dis-
comforts; and, ¢, to develop what step_s could be jcalken
by the refiners to improve any undesz.ra@le conditions
which might exist. The committee appointed at that

T

S2M [111] (1952)

g

time comprised executives from Union 0j] Compg

California, Shell Oil Company, Standard 0j] Comny of
of California, Richfield Oil Corporation, Tida WD&ny
Associated Oil Company, General Petroleum COrpzter
tion, and The Texas Company. Ya.

At the first meeting, on December 11, 1944

cific responsibilities assigned to the committee were gyt
lined as follows:

3 the EDE.-

1. To ascertain what smog is.

2. To determine to what extent, if any, the refinerg 4
contributing to the smog problem, te

3. To develop what steps should be take

: n by th
finers in order to get their own houses in (. .Le-

: : - n Ol‘der
4. To compile all the evidence and turn it over tq e
in charge of public relations for the indus €

try.
On April 18, 1947, an executive of the Indep(%ndent
Refiners’ Association was invited to become g membey,
of the committee.

The original title of the committee, “Petrolegm.
Industry Committee on Smog,” was changed in Feb.-
ruary 1947 to “Petroleum-Industry Committee on
Smoke and Fumes,” and in October 1948 the COmmittee
became a part of the Western Oil and Gas Association
as the “Committee on Smoke and Fumes,”

At the very first meeting it was decided to approach
the problem by assigning various phases of the Invest;-
gation to different members of the committee, each of
whom could draw upon the technical staff of the com.
panies represented for assistance in the study of the
subject assigned to him.

The assignments were:

1. To define smog, and to determine the components
contributing to its formation.

2. To investigate the release of chemical

: 1S other than
sulfur dioxide to the air by refineries and other
industries.

3. To ascertain all sources from which sulfur dioxide

was released to the air, with an estimate of the

quantity of sulfur dioxide discharged to the atmos-
phere in each case.

4. To collect information regarding measures being
taken by the different refineries to Prevent the re-
lease to the air of undesirable emissions,

5. To develop what corrective methods should be
adopted by the refineries to improve any undesir-
able conditions which might exist.

The subcommittee working on (1) was known as the
Analytical Subcommittee, and its duties were defined
as: The identification of those materials in the atmos-
phere which result in eye irritation, or reduced visi-
bility. In the course of this investigation it soon be-
came evident that one of the major problems of this
group was the development of methods of sampling
and analysis of sufficient accuracy to determine the
quantity and nature of contaminants which were pres-
ent 1n the atmosphere in very low concentrations but
which, nevertheless, might be contributing to the un-
pleasant effects.

By March 1947 it was apparent that the problem
assigned to this group was much more complex and
extensive than had been at first anticipated, and that
the coordination and direction of the work being done
by the different companies would require far more time
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ould be devoted to the matter by any member of
thal - mmittee without serious interference with the
he crmﬁ“ ce of the duties for which he was responsible
perff’ Jwn company. It was, therefore, decided, at the

S .
to htling on April 16, 1947, to engage Stanford Research
meetitute to provide the following services:
InS i ;
1] management, technical direction, and re-

services of a full-time technical man to provide

2. Thtﬂe -hnological coordination of work presentlfr being
carried out at several sites,

, independent study to be conducted at Stanford

3. A Research Institute relative to the physiological
response to Jachrymators.

All of the necessary facilities and direction to as-
4. 2 emble, correlate, and present in final report form
the data as collected from the various scattered

sources.

When Stanford' Rescarch Institute was engaged to
(ke OVET the project, the wor}c of the Analytical Sub-
~mmittee was coordinated with the work being done
py SRI. Gradually more and more of the work was
¢zken over by the SRI staff, so that the Analytical Sub-
committee became imactive at the end of 1948.

The smog rescarch program has continued at SRI.
The seientific aspects of this program have been re-
ported in technical jﬁ}lrnals, as well as in three interim
reports. 1o date, this research program has cost the
committee on Smoke and Fumes about §$1,000,000.
The continuing work is largely devoted to the funda-
mental aspects of air pollution.

In view of the possibility that the effluents from the
various refineries might contribute to the contaminants
responsible for the formation of smog and that other
features of refinery operations might be obnoxious to
the publie, the Committee on Smoke and Fumes decided
to undertake a study of current refinery practices to
establish certain standards which could be observed in
refinery operation without unreasonable difficulty or
expense, and yet which would minimize any causes of
annoyance by refineries to the public in general or to
their neighbors in particular. The work of developing
such standards was assigned to a subcommittee com-
posed of representatives from Standard Oil, Shell Oil,
Union Oil, Texas, Richfield, General Petroleum, Wil-
shire Oil, and the Socal Refiming Company.

After about eight months of thorough study this
subcoramittee submitted its recommendations, which
were embodied in a Manual of Good Manners for Pe-
troleum Refiners. After approval by the Committee on
Smoke and Fumes, this manual was printed by the
Western Oil and Gas Association, and was made avail-

able to all interested refiners.

On December 14, 1949, Stanford Research Institute
suggested establishing a smog consultants board con-
sisting of scientists from California Institute of Tech-
nology, University of Southern California, and Uni-
versity of California at Los Angeles, who would meet
periodically to diseuss developments in the smog-re-
search work, as well as plans for the future. This
board has since been expanded to include scientists from

all over the country, and they have been invited to

e
==

share their technical know-how in an all-out scientific
effort to rid Los Angeles of smog.

Smog Research

- More research and more kinds of research have gone
Into the Los Angeles smog problem than any similar
community problem in the nation’s history. It has had
the benefit of the technical manpower and physical
facilities of the best equipped universities and indus-
tries in California. A large part of the effort has been,
and continues to be, directed toward understanding
smog, because it was felt that a permanent solution of
the problem could not be found until answers were
found to the question: What is smog, and where does
it come from?

The most extensive investigation to find answers to
these questions has been sponsored by the Western Oil
and Gas Association, and has been carried out at Stan-
ford Research Institute. The results of this work have
been presented to the public in three interim reports
for the years 1948, 1949, and 1950.

The first interim report defined the problem. It
showed that the eye irritation and poor visibility were
at that time the chief disagreeable aspects of smog.
It revealed that the climate had not changed, and that
the population had undergone a relatively steady,
though rapid, rate of growth before and during the war
years. Industry had likewise expanded rapidly. The
occurrence of smog was found to be controlled by vari-
ous weather conditions, and a meteorological method
for predicting the occurrence of smog was devised. A
good start was made in developing laboratory methods
for the analysis of the constituents of smog and for
the testing of their eye-irritating properties.

The second interim report included a quantitative
analysis of many of the contaminants in the Los An-
geles atmosphere. The meteorological mechanism of
smog was more thoroughly defined. Many of the ma-
terials responsible for the reduction of visibility were
determined. Atmospheric particles studied included
carbon, dust, mineral matter, droplets which were
mostly water, and oil-like droplets. These latter drop-
lets could have been produced by the slow oxidation
and polymerization of some hydrocarbons in the at-
mosphere,

The second interim report stated further that at least
nine substances capable of causing eye irritation had
been identified in Los Angeles air. None of them was
present in sufficient quantity to cause eye irritation by
itself. However, human subjects experienced eye irri-
tation when they were exposed to an artificial smog
consisting of these nine substances mixed at conecen-
trations found in Los Angeles air. Subsequent study
showed that the gaseous substances, rather than the
particles, were mainly responsible for the irritation.

The third interim report concluded that combustion
products comprised a major part of the total atmos-
pherie pollution over Los Angeles. A survey conducted
in 1950 showed that about 50,000 tons of fuel and
rubbish were burned daily in Los Angeles County.

4 5
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Public and Industrial burnin
to the air each day at le
products, excluding earh
OXxide, Household burnin

& of these materials emitted
ast 1,800 tons of combustion
on monoxide and carbon di-

550 1 _ & of 4,000 tons of trash sent
W90 tons of organic materials into the air every day.

Approximately two-thirds of : :
i th m }
tered the air from e chemicals which en

- combustiop were organic in nature.

«Xhaust fumes from approximately 2,000,000 automo-
biles, buses, and trucks which drove an average of
50,000_,000 miles per day added another 350 tons of
organic substance

_ 8, as well as 30 tong of aldehydes and
40 tons of nitrogen oxides.

beAaIi:-l;;;npzl gause of red}:;ced visibili'ty was found to
roplets which were similar to those
evolved by all combustion processes. The exact nature
<_:>f these droplets, and the reason for their persistence
In the atmosphere, were not known; but they comprised
mostly water, and they evaporated slowly—probably be-
cause of a protective coating of some foreign material,
As the work continued into 1951, it became apparent
that a more detailed and fundamental study of several
aspects of smog was required. One of the most per-
Plexing features of the Los Angeles atmosphere has
been the observation that a high concentration of a
strong oxidizing substance resembling ozone was found
whenever smog was severe. This confirmed some previ-
Ous observations by rubber companies in the area. A
study of rubber-tire cracking in various cities of the
United States had shown that Los Angeles was among
those places where ozone cracking of rubber was most
severe. Whether abnormally high concentrations of
Oz0ne were present in fact has been questioned by many
Investigators, inasmuch as other oxidizing agents such
4§ peroxides, nitrogen oxides, and nitric acid have been
found in Los Angeles air.
During the past year substantial evidence has heen
obtained that at least a large part of the oxidant is
ozone. The reason for its occurrence is not yet known,
Various theories have been advanced. The oxidant may
be considered as being of natural origin, being brought
down from the upper atmosphere. It has also been
considered as being formed by photochemical action
of the sun on atmospheric impurities. The oxidant
may also be due to some unknown electrical phenome-
non relating to charged particles in the atmosphere.
Much more work remains to be done before this aspect
of the problem can be clarified.

A. J. Haagen-Smit,”™ of the California Institute of
Technology, has observed that, when high concentra-
tion of ozone and olefin vapors are mixed, they react to

form aerosols. He has suggested that such reaction
products are important constituents of smog.

Research during the past year by Stanford Research
Institute indicates that ozone reacts very rapidly with
olefins at concentrations which could exist in smog to
form complex products which decompose rapidly to
form aldehydes, dialkylperoxides, and high molecu].ar_
weight organic materials. A mixture' of thes? reaction
products was prepared at concentrations believed pos-

a Pigures refer to REFERENCES on p. 291,

sible in the Los Angeles atmosphere,
exposed to these materials experienced
irritation,

Concurrent with the research sponsored by WEEtern
01l and Gas Association at Stanford Research Inﬁtitute
work was carried out at the California Institute ﬂf’
Technology, sponsored by the Los Angeles County Ajp.
Pollution Control District. The results published tq date
pertain largely to the effect of hydrocarbons ang theip
oxidation products on growing crops. Farmers In the
Los Angeles area have noticed that, associateq with
smog attacks, injury has appeared on certain leafy
vegetables, such as spinach, endive, lettuce, beets, ang
Swiss chard.”

According to Haagen-Smit et al.?:
products of ozone with unsaturated hyd
duced typical smog damage on all of the indieatoy
plants. The damaging factor must, therefore, bhe attrih-
uted to the peroxides formed in the ozonization Process,
Optimum effects were obtained by using olefing with
five and six carbon atoms with the double bong in the
end position. However, the end position of the double
bond is not essential, since 3-nheptene, 4-nnonene, ang
cyclohexene gave typical smog damage upon ozonization.
The concentration of ozone at which damage occursg with
the olefins is well within the range of ozone coneentra-
tion found in the atmosphere as determined by the
rubber-cracking test. The optimum activity of the C,
and C, series is attributed to the stability of the intep.
mediate products in the reaction process. The catalytic
oxidation of the olefins with NO, under the Influence of
sunlight produces oxidation products very similar tq
those produced by ozone. In the plant fumigations with
oxidation produets of olefins, lachrymatory effects were
often observed.”

In addition to its research contracts with several uni-
versities, the Los Angeles County Air-Pollution Control
District maintains its own research staff to identify
pollutants in the atmosphere for such contaminants as

sulfur dioxide, sulfuric acid, aldehydes, and particulate
matter.

Human Subjee

“The reactiop
rocarbons pyo.

Future Smog Research

The questions may be reasonably asked: “Why do
further research?” and “Don’t we have sufficient data
avallable now to enforce the law and jall or fine anyone
who pollutes the air?” This approach is sponsored by
SO many persons that it deserves a fair answer.

Industry has received a large share of the blame for
smog. Part of the reason for this is that the average
person considers industry as being inanimate. It is a
collection of steel, stone, and mortar, Certainly these
objects have no feeling for the community. Also, a com-
pany 1s big and rich. It should be able to afford spend-

ing limitless sums for erecting smoke-recovery and simi-
lar devices. These ideas are just not correct.

The company is made up of people. Those who are
designated as management are also individuals of the
community. They too dislike smog. They are willing
to do their part, but they eannot spend company funds
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o recovery equipment unless it can be shown that the 5. #
- H d1SChﬂt1ilg;i(f;?}Z]IillilSSBince Or contribute to smog. E;ezsmg.mtﬂ a relatively short paper a large amount
100 Often,h nobody }r '*llf:ﬂmﬂEl to Install expensive able};ierlence and experimentation. It is understand-
-pment WU o > 3’“ SRy k?OWS whether it will at those who are exposed to smog and those who
pe smog Pl oblem or not. This sometimes makes it are accused of causing it should become impatient for a
cult for 2 “"a'”‘”f'j"‘f*”? ent to maintain operations, sell solution; but, as one who has done a little work in this
- competltwi m?li‘ifr and Sho”’f" a profit. At the same fﬁng}?l li;e]d, I Sl}omd like to make a plea for patience
jme, 35 a pal od EI cofm:;umw, fthe company must Thea ;f the' investigators.
paintain € S i hbor 'T"-hpubhc' Wiost firmg are extensive lem is very complex; and, before this very
cpyin to be good I Ié:t Tmfs » 1hNey are dc-,l'ﬂg their part area the investigation was initiated in the California
o reducing the f‘JH&H ity of pollutants being discharged " - I’i t ere had rea:lly been very little information in
! o the atmos.phele. | P erature on this general subject. I believe the au-
. . Th indivldtllali citizen 18 lalso a polluter of the air. rs and the other workers in this field have made 2
N It bat:k}’ai‘d 111011151‘51:}01‘ ) hlcsl altlton;ﬂbile, and his heat- ﬁzzsziefafjrpmfgress in establishing the probable or
Ty 27 it all pour Torth proGueis © combustion whi = 0. sog.
| gitribute to smo%' ?ﬁf:n"agfs must be mad‘e in the;vehg::- th;tsige;?};:bilzi” bec?use e _entil‘fﬂy o
L yices S0 that they W 11 1o pollute the air, But what tually been dem © :Eea causes. I believe what has 8
B | panges <hould be made?’ And how? Only research will e i on;_ rated by the many workers in the
- give the answel, hu‘f research costs money. Ideally, the edge of thelngs " “.:h could be causes. AS _the BRGHA-
e Sure for sMOS shqund not c{?st the individual money or that the salui?; Sei';??eRSES’hwe e Y
,‘,‘3'5?&; ersonal Imconvemﬂlce. This appears to be an 1mpos- As a result _::f t;ie iiv?;;{;gafiiirserwfic}};aiive been
e ible god ' ] ' '
5. B 7 Another phase of smos hich will cost money Js 3 | boon i?trgzieucﬁhiﬁﬂi izei;e;tbilgevilﬁ‘?izntheﬁ e
o complete study of ltj efzct ot health. So far no re- past I believe we were content to asfume thalt the ob-
SN | gearch has Iﬁ:;een conducted which shows that Los An- jectionable constituents of the atmosphere—the ob-
iy S | geles 51_1103 18 hgfrm.ful]lto human_ health. Perhaps one noxious and the irritating ones—were introduced as
g, B Eeason is that practically no medical research has been such into the atmosphere. More recently it has been
one. indicated that a normal and, in itself, not too objec-
g Some -people ask Wh_EtheF the average smoker of tionable a constituent in the concentrations in whicl;:l it
B cigars, cigarettes, and pipes & exposed to more polluted naturally exists, viz., ozone, combines in the atmos-
ieg e | air than that from smog. For many years medical men phere with another relatively harmless constituent in
& have debated the effects of smoking on health. Many the concentrations in which it exists, viz., the hydro-
~"s 38 more years will pass before the health effects of smog carbons, for which the oil industry has at least in part
been blamed. These two harmless and unobjectionable

. can be determined.
Through one means oOr another, answers to all of these

B questions must be found through research. Funds must
B e provided. A community can do 1t through use of tax
funds, or it can be done by contributions from public-
| gpirited organizations. The Western 0il and Gas Asso-
| eiation 1S an excellent example of the latter. So far it
| has been the principal contributor to research on smog.
It would seem unfair to expect these private donations
to econtinue without more assistance from other parts of

the community.
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. DISCUSSION

‘5 ' Harry Levin (The Texas Company; Beacon, N. Y.):
il First T should like to congratulate the authors for com-

constituents combine to produce the bad one—the irri-
tating and obnoxious constituent.

This new concept leads to several interesting impli-
cations, and it is in this connection that I have several

questions for the authors,
The petroleum industry in this area has spent a

great deal of money to recover sulfur from some of its
product gases in order that the subsequent combustion
products of those gases will contain less sulfur dioxide
and, hence, a great deal less sulfur dioxide is intro-
duced into the atmosphere. Because 0Z01I€, which 18
alleged to combine with hydrocarbons to give evil-smeli-
ing and otherwise objectionable constituents, is a
powerful oxidizing agent, and 2s sulfur dioxide is a
powerful reducing agent, the question 18 raised whether
this reduction of the sulfur dioxide in the atmosphere
should not qctually make the condition worse—inas-
much as, by removing it from the atmosphere (by not
ing it into the atmosphere), there is present a
larger €eXcess of ozone to combine with hydrocarbons

and make ob) ectionable constituents.
That is question No. 1: i.e., whether there is any

ovidence on this point. Would you care to answer the
frst question, Mr. Magill?

I believe that 1s a very interesting ques-

Mr. Magill:
bout which we have been thinking

tion, and 1t is one 2
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for some time. Until we know a lot more about where
the ozone comes from, I believe we have to be a little
careful when the question is considered. It has becen
broposed that the sulfur dioxide is one of the causes
of ozone. On the other hand, we do know that, in the
laboratory, ozone and sulfur dioxide do react so slowly
that we are inclined to suspect that removal of the
sulfur dioxide may not make too much difference.

Mr. Levin: Would you expect that the ozone and

sulfur dioxide would react more slowly than ozone and
hydrocarbons?

Mr, Magill: Yes, they do—very much more slowly.

Mr, Levin: The othey question again relates to the
possible contribution by hydrocarbons. If the hydro-
carbons react with ozone to produce these objectionable
constituents, you might expect that over any given in-
terval of time—say, eight hours—these objectionable
constituents would inerease in concentration at the ex-
pense of the hydrocarbons. Is there any information
on that point?

Mr. Magill: The effect of the hydrocarbons is one
of the things we are also studying. The simple fact of
the matter is that, in the concentrations upon which
we are working, we don’t know how to measure hydro-
carbons as distinguished from other materials which

might be formed, Therefore, I believe the evidence is
non-existent at the moment.

Mr. Levin: I take it from that, then, that one
shouldn't be too hasty in concluding that the hydro-

carbons are at fault merely because they are present
simultaneously?

Mr. Magill: We shouldn’t be too hasty, 1 agree with
you.

George R. Lake (Union Oil Company of California,
Brea, Calif.): I also should like to compliment the
authors on doing g very good job of summarizing the
air-pollution picture as it exists in the Los Angeles

Basin. The question I should like to ask the authors
concerns some of the eost figures;

; Le., their figures of
about a million dollars for Stanford Research Institute

work, and about $13.000.000 for the petroleum industry.
Was the $12,000,000 expenditure limited to equipment
for the control of emissiong?

Mr. Magill: I believe they were. Those are the fig-
ures which were given to us as being the overall ex-
penditures for air-pollution control.

Mr. Lake: I suspected they were, Therefore, [
should like to point out to you that $13,000,000 repre-
sents only a small part of the industry money which

. companies have air-
pollution experts who spend part or all of their time in

controlling emissions from the refineries and in Insuring
that new installations will not introduce additional con-
taminants into the ajr, Many companies also are carry-
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