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FOREWORD

PROGRESS report is a link in a chain of The Los Angeles County Air Pollution Control
A knowledge—a link between the known past District headed by Gordon P. Larson; Professor
and future hope. This report is based on what A. J. Haagen-Smit of the California Institute of
I believe to be a very painstaking and con Technology; Stanford Research Institute repre-
scientious digest of all information available to sented by Dr. Fred E. Littman, Dr. L. M, Rich-
us bearing on the Los Angeles air pollution ards, D. H. Hutchison, and Dr. A. M. Zarem; |
problem as of late 1954. All of this was the Professor Francis E. Blacet of the University of
work of others, which we began to collect and California at Los Angeles; Professor John T.
evaluate in February, 1954. Middleton of the University of California at

In addition, his report describes our own re- Riverside; and Vance N. Jenkins for the Smoke
search and field work, which got underway in and Fumes Committee of the American Petro-
July and was steadily increasing through the lum Institute have given unsparingly of their
following months. Only preliminary results from time and knowledge. Dr. Amold 0. Beckman as
this initial, brief period are available as this is an individual leader in air pollution work, and
written. Even so, in conjunction with the sum. Dr. Ulrich B. Bray are representative of many
mary of the findings of others, this report helps public-spirited citizens who have assisted our
to bring the whole complex problem into a litle Foundation group generously. The Board of Su-
better focus, to establish a better (though still ~~ pervisors of Los Angeles County and Chief Ad-
inadequate) definition. When a problem can be ministrative Oficer Arthur J. Will have shown
clearly defined, it has been said that it is half unfailing interest in our work and participated
solved. We are til for short of that. importantly in our program, as have A M Rawn

Acknowledgment of the contributions of others and Francis R. Bowerman of the Sanitation Dis-
to this report and to our frst year's indoctrina: tricts.
tion here is our first duty and one we undertake Our own Board of Trustees under the leader-
with pleasure, though so many have helped di- ship of Dr. Fred D. Fagg, Jr., President of the
rectly and indirectly that it is impossible to men- University of Southern California, did every-
tion them all or to attempt any fair measure of thing conceivable during this first year to get us
their assistance. We came here in 1954 not only off to a flying start. This is not the appropriate
as strangers to the community, but as newcomers place to recognize their individual contributions
tothe fieldof air pollution. in overcoming the problems of establishing this
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unique Foundation, but the Research Committee service is deeply appreciated.
of the Board of Trustees under the chairmanship The U. S. Navy is part of this community too
of Dr. Lee A, DuBridge, President of the Cali- they converted one of their blimps from the

. Tornia Institute of Technology, has the basic re- Santa Ana base into a flying laboratory to help
sponsibility for the approval of our research us collect several hundred samples of Los An
projects and the appropriation of funds. Their ~~ geles pollutedair and meteorological dataund

tounsel, and understanding of the uncertainties in, and above the inversion layer over the Basin:
Which surround the plotting of research into new during the 1954 Aerometric Survey. Our than
lerrtory, have been most helpful and reassuring. to Commanders Peeler and MeCariney and the
Their names are listed elsewhere in this report. men of the Naval Reserve!

| Between one hundred and two hundred other To my associates who have done most of the
cientists and engineers from this country and work of evaluation, followed by the planning,
abroad have given us freely many days of their placing, and supervising of the research projects,
lime, individually and in conferences; they have 1 can only say it has never been my good fortune
come from the Bureau of Standards, the Bell to work with a finer group of scientists, norone
Telephone Laboratories, The Kettering Labora- more devoted to the cause. Their names appcar

Lory of the University of Cincinnati, the Taft with their respective chapters. The rest of our
Laboratory of the U. S. Public Health Service, staff, unnamed here, have done all those count:
the Coordinating Research Council, and many less tasks well, without which these results could

i others for conferences on ozone chemistry, photo never have reached you. id
chemistry, hydrocarbons, motor vehicle combus- By the end of 1955, we may not hay
tionproducts, meteorology, and incineration and “cracked” the problem, but I am sure we will
other methods of rubbish disposal. Their coop: have still more interesting results to report.
eration with us in the common cause of public Laure B. Hrrcucock

March 1, 1955
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I. INTRODUCTION

[HIS Foundation ec primary to ind the The principal contribution wich we think
facts. It believes that the evaluation of exist: the present report makes are (1) to define the

ing research and conduct of new research will Los Angeles air pollution problem so far as it
make possible the control of smog and shorten is possible in our present state of knowledge:
the time required for its elimination. It is com (2) to_critcally examine the status of our
mitted to the prompt publication of its findings knowledge and research programs; and (3) to
nd recommendations, so that the efforts of all indicate what seem to us the most immediate
groups and individuals may be coordinated prop- goals.
erly, so that the public may be informed, so that 7}, [os gngeles Air Pollution Problem.
government may in its discretion implement such 1 Fupenars’ 1054
findings and recommendations through enforce- oe oe
a In carly 1058 thre vas gener] sient
The organization, purposes, and general oper. “ETC alt
aEehave. tesantly boon (1) Air pollution is one of the problems re
described in the President's Report. sulting from the growth of popelation and in;

ep vical Progress Juste, whote combined miscellaneous emissions
Reps,ansecre Ssonty i oralqge ond en LYE Qaricg WorldW ee IUioerceed te
er mene Pier eliseadlifemmNsHale capacity lof ose nstural enflaion,
re ototagn to dee ue one project perianty ited futile ates by local po)
sre ta 00 aud 10 give seh pecliioerpORREEeE cal and meteseclogioal conditions, “and
findings as ars ossbly ae his times Since the Rich new ietsged this capacity more and more
scientific staff was not completed until June, frequently. " co?
1954, the period covered by this technical report (2) The production of pollution is more or
eee ye eemmbes Sh. Tost Mio less constant, if no from hour to hour,a least
of the projart aye eunfiuning setvely and ill IE LEOR0 Gay 191day lox seoekito week, and growing
eventuat in a series of more complete individual Im Year 10 Year in proportion to the expansion
reports during 1955, The final report of the Of the metropolitan area.
Aerometric Survey, with interpretation of results _ (3) The pollution acquires obnoxious charac.
and sone do itn of fle trite called “amog” in proportion to ita cone
Toure reports will aoc or he Ai Tracer fnement by low temperature inversion, lack of
Survey, Trends in Visibility 1930-1054, and ids and exposure tosunlight.
Statistical Studics of the Los Angeles Basin with (41)F Sop eammct yetibe Hautifed os to dis

Lntp chemical or physical composition, but may be
defined generally by its “fingerprints” which in-

“Presented November 16, 1954; copies available on clude at times one or more of these manifesta-
requ tions:
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(a) eye irritation From which pollutants it is formed, singly of
(b) reduced visibility in combination, is unknown (though partly 8
(c)ioder gested with respect to certain hydrocarbons, as
Ua) ih “mont vale will be described); ]
©) Re plleant rorming 1 ity Je indicated largely by the sub

of Sotenss rolioarssTa he contemsarione Frm os Ses Ved abot NaF seoniogly
in our atmosphere has been proved to be respon- place, time, and pollution levelsiinivaya ini
ile Se ton ela ar Totus PRR 8 117 Joni
however, typical high oxidant values have been Eye leritation and high oxidantivalietiy
produced in the laboratory by: rarely, Fever, found ot night
(a neadinton of hydrocarbons when NO, (8) Thegreatbulk of our air poluioblny

ee Ton , sists of combustion products, including moto!
de woth being at experienced yepicle exhausts, stack gases from the burning

Wun i of natural gas and fuel oil for heat, light, and
®)aEE29% pover, and burning of rubbish; t consists of in

wl onera tan ese auissons lias Wysebee Ni
ee hy i prduaion wells fund SER 2

SH ts Th osBga Ler isus FEOONE 2 isellanents i i
ie, of apeon er a
Wn lav rage abo seinen wit |Tony with manafactesing weocesset SSR
carbons at concentrations as low as a few parts Ra ti ges
per million (gh several ones experienoed (9) The chemical composition ofthesesources.
concentration), plus osone at experienced ont 13 81 Worst not known at all, and at best nob
centrations, implicates hydrocarbons with respect *eliably or fully known. lL
10 this one smog effect. Qualitative effects of eye (10) The gross daily quantities of gas, oily
irritation and reduced visibility have been noted, gasoline, and rubbish consumed have been esti
again at higher concentrations, In brief, the evi. mated, and the daily production of pollutants
dence, though circumstantial, justifies intensive therefrom calculated on the basis of available
studies of means for the material reduction of knowledge concerning the composition of specific
bath hydrocarbons and auto exhaust. sources. (See Tables 1, II, and Fig. 1)
. (6) Smog, thus characterized,does not appear (11) Gross tonnages of pollutants are only&
©originate as such from any known source.* measure of contribution to air_pollution; until

(7) Smog forms from man-made pollutants, We know which pollutants produce which smog.
but how may be explained so far, if at all, only ¢Hects, we cannat directly relate sources and tani
in vague generalities, Thus: nages to smog i is entirely possible that certain

is occurrenceis quite variable; pollutants have importance as smog-formers out
Ry of all proportion to the quantity of the sources
oth table at short range in hich they oceur, or to their concentrations.
a (12) The information on the concentrations of

qacent lo thesib ber. plastin Los Ax specific pllutanis in the Los Angeles atmos
$307, nd exceptheRe LalIHeni phere, especially during periods of low tempera=

brief emissions from some motor vehicles Smamly ture inversion, is generally spotty and inadeg
in improper operating sondion, and then any in high 018163 such data as exist for carbon monoxide,
concntraions found cs to sch elio in very hydrocarbons, and oxides of nizogen and sulfur
confined spacesortunnels. agree qualitatively with values calculated from

10 ]
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CHAPTER 1— TABLE I
DAILY EMISSIONS, COMBUSTION AND EVAPORATION— 1953%

Not including Particulates, Metallurgical Operations, CO, and Miscellaneous,
for Los Angeles County in Tons per Day.

COMBUSTION

Tons/Day

Material Burned Tons/Day Ald. NH, NO, SO, Acids Orgs. Total Pollutants

General Public: ys ~
Gas** 8640 85 - 60 - 1 12

oil 2370 3 -_ 32 7 32 by

Gasoline 14380 40 5 177 40 4 1016

Tosh a
Total 30450 605 9 270 13 49 1453 1955

Petroleum Industry: !

Gas** 98% 11 5 BB 1B 16 !

a He A BEE SE
Total 12710 14 5 ns 187 51 2 398

Other Industries:
Gas** 12873 12 = 88 — 17 20

0il 3640 4 -_ 49 1m 50 1m

Refuse 250 3 oa 2 02 06 ®
Total 19013 19 01 139 1112 67.6 66 4029

Grand Totals 62173 93.5 141 522 4112 1676 1547 2756

EVAPORATION
General Public (Autos and Service Stations) Hydrocarbons 216
Petroleum Industry " 25100
Total, Combustion and Evaporation 23

TOTAL FUELS BURNED DAILY, TONS |

Gas 31403 |
oil 8330
Gasoline 14380
Refuse. 7560

Grand Toul 6113

* The Smag Problem in Los Angeles County, Sanford Research Tnstitute (January, 1954); Tables XLIV and
XLVI; these figures are the best available as of April 1, 1955, bt the Air Pollution Foundation has not as yet
measured the compasition or amounts of combustion efluents and cannot vouch for the accuracy of these data.

** Revision by Air Pollution Foundation as of December, 1954 based on data from the Southern California Gas
Company for 1954,

***Air Pollution Foundation audit as of March, 1954.

n
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the estimated quantities emitted, assuming rea- tions of a part per million of various g ses
sonable dispersion over the metropolitan area liquids, and solids are for the most part inade
under the inversion height existing at the time of quate. No systematic, statistically significan
the measurements. However, monitoring of pre. techniques exist for the measurement of eye
sumably significant pollutants has not been done irritation or plant damage. i
in a consistent and continuous manner. There ~~
are just enough data accumulated irregularly Scientific Conferences
over recent years to permit differing interpreta- That the foregoing general outline approx:
tions of the origins and movement of polluted imates the status of scientific opinion at this
air masses, as well as the chemical and physical time is indicated not only by the consensus of
reactions taking place which cause observable published reports, but is more specificallyevi
smog manifestations. Concentrations of alde-  denced by the minutes of conferences held in
hydes, low as they are, appear to be significantly carly 1954 (see Appendix). One of the first
higher than can be accounted for from all known activities of the Foundation was to invite repre
sources. The same is true of oxidants, especially sentatives of the principal scientific laboratorie

ozone. and agencies that had been working on the prob
(13) Methods of analysis and instrumentation lem to meet in round-table sessions and exchange

essential t0 reliable measurement of small frac. views. Participants included: a

CHAPTER I — TABLE II A i,i
SUMMARY OF “IMPORTANT” POLLUTANTS, LOS ANGELES COUNTY—1954%

‘Combustion and EvaporationProcesses Only in Tons per Day n

General Public: Petroleum Other a
Auto & Service Stations Other Industry Industries Total 3 |

Acids 4 a5 51 61.6 1676 |
Aldehydes 40 20 14 19 93

Olefins 26 (E) - 16 (E) - 42 3
202 xz is = 202 33% |

Other Organics 190 (E) LE 2 i 218 i
2 ra 235 (E) 6 e160|

Nitrogen Oxides 1m 9 13 139 2 |
1453 595 A

Total 2018 457 2916 297 |

E—Evaporation ol

*Derived from Table 1 3

4
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CrapTER I~ Fic, 1 (derived from Table I)

DAILY GASEOUS EMISSIONS FROM SELECTED SOURCES

Los Angeles County—1954 Tons pr doy)
a

Wamu| 1
Suede | 2

eas| 2
[r—— w

——

denydesJf 33 Ls
mais [

Words 10) 2
Sit doi =

eis Jl
pecity atom) ws

on nro | own
emotes oanasJl0 ak

is 3 CID
genes0)[ER 1 [CDy— ED or

is [4 © ©
rs ey en x

Cotonri am

Los Angeles County Air Pollution Control concentrations, give plant damage.
District: G. P. Larson, W. J. Hamming; Con- 3. Auto exhaust gases alone are not damaging,
sultants to Air Pollution Control District: A. 0. nor do they of themselves cause eye irrita-

Beckman, U. B. Bray; Air Pollution Foundation: tion at realistic concentration.
L. B. Hitchcock, L. H. Rogers; American Petro- 4. Petroleum hydrocarbons (whether coming
leum Institute: V. Jenkins; California Institute directly from refineries or gasoline, or
of Technology: A. J. Haagen-Smit; Stanford Re- coming from auto exhaust pipes) plus re-
search Institute: L. M. Richards, F. E. Littman; action products of the internal-combustion
University of California, Los Angeles: F. E. engine, of themselves will not cause smog;

Blacet. some further oxidative process must take
‘Through conferences and correspondence over place.

a period of about 60 days, the following con- 5. Hydrocarbons, etc. in auto exhaust fumes
clusions were unanimously agreed to: plus NO; plus ozone give plant damage.

1. Hydrocarbons are present in the Los An- 6. Some petroleum hydrocarbon unsaturates
geles atmosphere. may cause eye irritation when irradiated

2. Auto exhaust gases plus ozone, at realistic with some oxidant.

13



7. We believe that at least some petroleum ment, it is not surprising that the general publi

hydrocarbons may enter into reactions in had no perspective on the problem. ]

a significant way to produce what we call Actually,thisscientific disagreement was typi

“smog.” There are some hydrocarbons cal of pioneering in a new field which we knoy
emitted into the atmosphere along the line now to be one of great complexity. The analogy

from the oil well up to the input of the was made to the three blind men whoforthe firs
automobile which may enter inlo smog:pro- time grasped different parts of an elephant, and
ducing reactions; more specifically, certain cach described a different animal. But the mar

olefins which may react with ozone. in the street, at times severely annoyed by smog
8. Petroleum hydrocarbons and/ortheir deriv- was inclined to attribute the inability of the sei

atives produced in the intemal-combustion ~~ entist to stop smog; to stupidity, bias, or wor
engine may be a significant contributor to and found litle satisfaction or hope of relief in
smog, but we cannot yet completely and what he heard or read. Under thesecondition

satisfactorily establish this significance; we it is not surprising that it was difficult to di

agree that some of the more reactive hydro tinguish between fact and fancy, between nu
carbons and/or their derivatives may con- merous theories and speculative remedies.
tribute to smog by a mechanism or mech- . i

EE Sous unions ago tect Disagieeniont BY PR
re Definite disagreement existedas tothe exe

0: Doren Trent eB Aa data proved that certain smog
ee o be suficently effets were caused by specific sources of spe

significant in the conversion of certain cies NESRE Moroes, For example
hydrocarbons to smog to warrant further 100% A

sly, 1) Hydrocarbons reacted photochemicallyi
10. Some pecleun hydrocarbons may cone (1)LEOSC en and ait

wibute to smog through some oxidative go FERCCTDlexes and ozone,

pease, h (2) These oxygen complexes caused eye
11. Ozone may participate in some way not yet jyritation as well as plant damage, the latter di

fully understood in the oxidative Process yinguishable from damage caused by ozone,@
but the evidence is still inconclusive as ©0 sulfur dioxide and other pollutants. A
whether ozone is itself a reactant ora re- (3) Cracking of rubber by ozone andby or
action product. ganic peroxides or free radicals was distinguish

12. A photochemical reaction orreactions seem able. i
10 be involved in the formation of ozone (4) Concentrations at which some smog effect
and in the reaction of NO; and some or- were simulated in the laboratory were “real
ganic materials. istic,” or produced effects equivalent to thoy

13. Ozone may also be produced by a separate experienced in the Los Angeles atmosphere.
reaction at the same time that smog is being (5) Fumigations with mixtures of selected
formed, pollutants (such as selected hydrocarbons or autg

In addition to these conferences many others exhaust) and ozone, or oxides of nitrogen ang
were held with scientists invited from all over sunlight or artificial radiation, were significant
the country. The extent of their agreement turned ~~ Wall effects, residence time, wave length and ir
out tobe much more substantial than was gen- tensity of light source, and other experimental
erally anticipated. But since the scientific work. difficulties were typical of pioneering scientifig
ers in general had not correlated their findings research. A
to any appreciable extent and indeed seemed to There was disagreement, consequently, no
have been emphasizing their points of disagree: only as to the approximate magnitudes of ou

14 4
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principal sources of pollution, but as to their products was conducted by the Foundation, in-
relative importance smogwise. For example, dicating as of March 1, 1954, a total of about
total emissions of incinerators in the Basin were 250 tons per day, a substantial reduction from
estimated variously from 90 tons per day of the losses estimated two years ago. The oil in-
“harmless smoke” to 500 tons per day of ash, dustry in the Basin anticipatesfurther significant
smoke, and largely invisible organic compounds. reduction upon the completion of controls under
Particulate matter and ordinary smoke were Rule 56 by May 1, 1955. They are also working
described by some as remarkably low in Los on devices for collecting vapors presently lost in
Angeles, while others claimed it was one of the filling tank trucks and controlling other emis-
dirtier cities in the country. Again, this disagree- sions even though no control regulations have
ment was due largely to the great variability in been issued.
such pollutants as to time and place, and the lack But we do not have to wait until all informa-
of adequate data. tion is in on all sources before acting. We, like
Dual Approach to the Air Pollution Problem. others, are reporting our findings as rapidly as

In these chapters prepared by our scientists possible. For example, there seems to be ade-
the situation will be described substantially as it quate evidence that incineration of rubbish in the
existed at the end of 1954. We approached the Los Angeles Basin createsa serious nuisance,
air pollution problem with two dominant philos- and consensus of authorities over the country

ophies: recommends discontinuance of all present-day
(1) that certain pollutants may be largely incinerators, domestic or municipal, in view of

responsible for smog effects and these substances the local conditions. But prohibition by edict
can be identified and means found for their must, at the same time, offeraworkable alterna-

elimination; tive, so the “bury-and-cover” method is recom-
(2) that all pollution is undesirable, and mendedin a thorough technical report just pub-

means must be found for reducing the amount lished by the Foundation.® Copies are being fur-
to tolerable levels and maintaining these in a nished to all Los Angeles County and municipal
growing metropolitan area. We assume polluted officials, as well as to our contributors and others
air is unhealthy. to whom it may be helpful.
We donot know yet which approachwill bring Duplication of the work of either our con-

relief sooner. We doubt if anyone else does. Both temporaries or our predecessors is something for
are quite likely to be productive. Both require which we have neither time nor money. We have
research, based on continuous study and review 100 many urgent new projects waiting for man-
of all available information from all quarters. power. Additional work is often necessary on an
Both require development of new or greatly im- important subject which has only been opened
proved methods of analysis and control. up by prior workers.

Identification of principal sources of pollution How long it will take to find the causes and
does not tel us how to abate them. The mag. subsequent controls for our air pollution prob-
nitude of motor vehicle exhaust as a contributor lem, and when the remedies for the principal
to modem urban air pollution has only lately sources will be developed, are, of course, of the
begun to be appreciated. No workable control greatest concern ta all of us. The impatience of
remedy has been devised so far, although the the public is equalled only by the impatience
automobile manufacturers, the Coordinating Re- of the workers on the problem, whose whole sat
search Council, the Foundation, and others are isfaction and fulfillment in life can come in no
doing everything they know to find practicable other way than by finding the solution at the
remedies at the earliest possible date. earliest possible time.
An independent audit of hydrocarbon loses Report No.3, “Incineration, Rubbish Disposal, and

from the production and refining of petroleum Air Pollution,” January, 1955.
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II. METEORO!
i

; COROLIOGICAL ASPECTS
J

!

DEFICIENCIES IN DATA Fi
A

AVAILABLE AS OF Sy average visibility for a giver

APRIL 1, 1954
rkincrease in

a :
Fatty ngeles since control of the emis

Fos to make readily accessible exist rash

aonlele o the meteorological in
ithough the average heights of the toote

{om the Los Angeles area as they affect the x corresponding months were st i

iofsmo pall, te Foundation prosiasdydsse 4 =vers snd0 bees
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AIR TRACER STUDY? having a mean “diameter” of less than two
The design of the air tracer experiment had as ~~ microns, so that once dispersed into the air, they

its principal purpose a test of the accuracy of fall very slowly and move with the air currents

trajectories computed from surface winds, A sec: almost as gaseous molecules (Fig. 1). They are
ondary purpose was to. sce whether discrep collected on millipore fliers through which the
‘ancies, if they occurred, could be accounted for ~~ &ir is passed. The retained pigment particles
dequtely on th basis of windsa upper levels, Blow under ultraviolet ight with a characteristic
‘and for this purpose special upper wind stations Yellow:gold color quite different from naturally
were established at four points in addition to the occurring dust and haze particles, so that they
regular stations at Long Beach and Burbank, The ma be distinguished and counted easily.

four special stations and the Air Force Station Wind observations appeared more likely to
at Long Beach took windsaloft observations Bie a good indication of the movement off pol.
every two hres during the trace ese. lutants during the afternoon sea breeze. than

As a tracer material a fluorescent pigment, during the light, variable land breezes at night
zinc-cadmium sulfide powder, was selected. This ~~ and in the early morning. It was decided, there-

powder consists of fairly unifornssized particles, fore, to make the tests in such a fashion as to
release the tracer material early in the morning

“Thiswork was supported bytheLosAngeles County and to have the sampling network far enough
Air Pollution Control District through a research con. away 50 that the tracer cloud would reach the
tract with the Air Pollution Foundation. sampling stations only after the sea breeze
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started up. Tn laying out the sampling network, lution Control District to man the sampling
advantage was taken also of the normal wind stations. : a:pattern, with light movement from the north and The dispersal took place during one hour, and
east at night and moderate to fresh south to west it was computed that the cloud would spread
winds during the day. The sampling stations during the movement”to the sampling network
were located on an arc extending eastward and into a volume about six miles in diameter
southward from Venice through downtown Los tending from the ground to the inversion base,
Angeles 10 Seal Beach (sce Fig. 2), and the It was decided that five or six tests should pro
dispersing sation (Fig. 3) was located in Tor- vide a sample of enough meteorologically dif
rance near the center of the ar. ferent situations for an adequate indicationof
The dispersal and sampling was carried out the extent to which the trajectories computed

by The Ralph M. Parsons Co, with personnel from wind observations represent the path tray
provided by the Los Angeles County Air Pol: eled by pollutants.
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As is the case in many such experiments,the trials progressed, and whether or not it was due
behavior of the experiment varied considerably to these changes, the last two tests resulted in par-
from expectations. Modifications were made in ticle counts of the order anticipated, whereas in
an effort to improve the results as the series of the first four the counts were very much smaller.

~ Caapren 11-Taste

Operational Conditions during Tracer Tests

[oe Jon om]om|os|om| baci

Inversion Base
Heights (ft.)

1900 PST
Prev. Day

SESE ET 0RC

om [fe| | w|ow]
Place of Compton| Compton
Dispersal Airport | Airport

Height of Dispersal
above Ground, ff.

0300-| 0300- | 0300- | 0415 0500- | 0500-
Time of Dispersal | 0400 | 0400 | 0400 0515 0600 0600

Moderately
Weather at Dispersal | Cloudy Dense Fog| Dense fog

CCE
EEE3S| EN WNW-NW|

Wind a Dispersal NE-N 2-1 | 1.5-2.5 mph 2-4 mph

Am. of FP.
Dispersed (grams)
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Summary of Sampling Results in Tracer Tests

Sampling Network [ou [oom [oun[owe[ome[me Tous]

Lah Jor ateor| |
Sampling PST

Joule [so| [on| |
(liters/hr)

‘Maximum Particle
1

a 7 | 2848 | 70512 315 |

Stations with
7 |

Significant Counts
(5 particles or more) 142 12+13 33-3638| 1525

Stations Expected
1

from Surface Tra-

jectories computed
|

by Vance 1+2 13 34.38 7

Above Computed by.
|

Graham
35-38 (

Above Computed by
|

Neiburger
32.36 | 157|

eee
i

from Trajectories
|

Surface and Aloft
|

with Mixing between
|

Levels 142 34-38 |

Observed Time of
|

Significant Counts.
|

(PST) 07-08| 08-12| 07-08 [

Time Computed
B |

from Surface
Trajectories byVance

07-12 13-14 |

Time Computed

from Surface
y

Trajectories by Graham 08-09 |

Time Computed |

from Surface
Trajectories by Neiburger 07-12 |

Time Computed |
from Mixed

|

Trajectories 10-14 |

*0dd numbered stations only.
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In the sixth test, in addition to te outer sampling puted with no knowledge of the sampling results.
net, an inner circle of sampling stations with a As an example, the surface trajectories for Tests
radius offour miles was established. 2 and 5 are shown in Fig. 4. Sampling stations

Table I gives a summary of the operational which had filter counts greater than four par-
conditions during the tests, and Table II gives ticles in any hour are enclosed in shaded areas.

the sampling results, comparing them with the Tt will be seen from Table II and Fig. 4 that

results expected from the trajectory computa- the surface wind trajectories are generally con-
tions. Table III gives more details concerning sistent with each other and give a reasonable

the stations and hours at which the highest num- approximation of the region where the fluo
bers of particles were found in each test. In the rescent particles were found, but in some cases
case of Test No. 6, there was double maximum at (Tests 4 and 5) the trajectories computed by the
both the inner and outer sampling station circles. two analysts were rather far apart, and in almost

Surface wind trajectories were computed for every case the times at which the particles were
all the tests independently by William Vance, a observed were earlier than the computed times.
UCLA meteorology student with considerable ex- In general, the computation assuming mixing at
perience in the Air Force weather service, and by all levels resulted in movement which carried the

Roderick D. Graham, research forecaster for fluorescent cloud to all stations where they were
the United States Weather Bureau. In addition, actually observed, but in addition to many other
for Test No. 6, the writer computed a surface stations where no particle count was observed.
trajectory. Besides the surface trajectories, Mr. The hypothesis of this mode of development and
Vance computed the trajectories of the air mov. movement of the cloud of tracer material pre-
ing at 500 ft, 1000 ft. etc. up to the base of the dicted times of cloud arrival at the stations closer
inversion in each case, and also the development to those observed than the trajectories using sur-
of the cloud on the assumption that at each point face winds alone.
the air was mixed vertically from the ground to A detailed analysis of the results is reserved
the inversion base. All trajectories were com for the final report of the tracer project, which

Crapter 11-Tasez 11

Stations and Times of Maximum Particle Count

[ow laos]+]
oo[of 7Jafonl)

raoom[noeolor
*Odd numbered stations only.
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| is now being prepared. For the present, the fol- STUDY OF VISIBILITY TREND
| lowing tentative conclusions may be put for-
| ward: Systematic observations of visibility began
| (1) Trajectories from the surface winds com. only with the developmentof commercial avia-
l| puted independently by different analysts are tion about 1930 anduntil very recently de-
| usually nearly the same, but may differ mark- pended entirely on subjective estimates. The
| edly.Thisdifference appears due to the existence Observer ascends to a place with a relatively
| of gaps in the wind station network, which per. unobstructed horizon and attempts to determine
| mit varying interpolations of the wind pattern, Visually which of several pre-selected conspicu-
| particularly during a period of light winds. ousstructureshe can just sce well enough to| ? recognize. This type of measurement varies

(2) The trajectories computedfrom the sur- somewhat from observer to observer, but the
| face winds are usually good indications of the main differences in external conditions will be

general area of movement of the air, but may in evident. Thus, if the statement were true that
| some cases be fairly far from the real movement years ago Catalina Island was visible from Los
| shown by the tracer material. Angeles every day both summer and winter, the
| (3) The surface trajectories almost invariably early visibility records would show this fact.
| indicate slower movement of the air than shown In addition to the inflaencel different observers

bythe tracer material. might have on the records, conclusions from
(4) The combination of surface and upper comparison of the visibility records from year

winds leads to an improvement in the areal to year are rendered difficult because visibility
designation, but also indicates 100 great a dis: is influenced by many meteorological factors in

| persion of the cloud; it leads to improvement of addition to the increase in sources of pollution.
| the speed of movement of the forward edge of Among them are inversion height and wind
| the cloud, but also to too great a duration of speed, which reflect the volume of air into which| cloud passage. the pollution is diluted; wind direction, which

In summary, the tracer tests indicate that a indicates what pollution sources may have con-for amount of reliance may be placed on the buted to rducing the visibility the generalsurface wind trajectories, but that allowance Weather pattern which prevails; and the relative| must be made for errors with respect to timing. humidity, which indicates to what extent liquidSince the errors appear to be present even when ~~ aler may have condensed on the particles pres-| the inversion is low, it scems that variation of nt: In addition to these factors, there are the| wind with height is not the only factor, Two  cneral flow pattern and the air mass structure,measures seem desirable in seeking improve. reflecting the source region and history of mod-| ment: (1) certain large gaps in the surface wind ification of the air as it has approached the area| station network should be filled by establishing {om long distances. In general, Los Angeles| new stations; and (2) the whole network should Visibility is better in polar than in tropical air,| be calibrated by exposing standard wind in. in continental than in maritime air masses.
| struments for a period of about one week at Measurements of the inversion height andeach of the stations, and a routine for checking other aspects of the upper air structure have| and servicing the stations should be established. been made for only a relatively small part of the| In addition, there is enough indication of the period of visibility records. Correlation or sort-| influenceof upper winds to call for the establish. ing by general flow pattern would require de-| ment of additional upper wind stations for the velopment of typing procedures and the examin-| purpose of micromeleorological and pollution ation of the daily weather maps for the more

studies. than twentyyearsof record.Itwas decided there-
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fore o attempt only to separate the observations one most likely to reflect the effect of pollution: 53

according to locally measured factors, with the It suffers from the fact that the measurements.

expectation or hope that the effectsof the others were made on top of high office buildings, and

would average out thus do not give a good indication of the varia:
Of the factors which influence visibility, rela- tions at street level. }

tive humidity and wind direction were selected The procedure used in the visibility study

as the two which might be most influential. consisted of tabulating the observations at 4:30

The stations in the Los Angeles Basin at which a.m., 12 noon and 4:30 pm. PST, and turn”

long visibility records are available are Burbank, ing them over to the service department of Inter

Ttemmational Airport, and downtown Los Am national Business Machines, Inc, where they
gelen. OF these, the downtown station provides were punched on cards, sorted, and tabulated 8
both the longest homogeneous record and the cording to humidity and wind direction groups:

CHAPTER 1I — TABLE IV
Noon

Relative Humidity 41% - 70%

Percentage of Observations with Visibility less than 3 Miles

‘Wind Direction Group 2 Wind Direction Group 3
Years ESE-S SSW. W.

JanFeb March. July| Jan-Feb ~~ March: July-
Nov-Dec June Oct | Nov-Dec June Oct ||

1933-1935 33 24 43 25 13 27

19361939 24 26 22 34 1 15
1940-1943 26 28 39 6 20 31

1944-1947 22 37 65 0 22 43

19481951 30 25 36 57 17 28

10521954 21 25 49 20% 20 36

Percentage of Observations with Visibility more than 12 Miles

Wind Direction Group 2 Wind Direction Group 3

Years ESE-S SSW - W 3

JanFeb  March- July| JanFeb ~~ March- July:
NovDec June Oct | NovDec June Oct

1933-1935 21 18 11 19 35 8 |

1936-1939, 24 14 11 37 29 12 4H

1940-1943 30 20 10 62 22 9 |

1944-1947 12 10 2 26 18 748

1948-1951 23 13 4 2 22 5|

1952-1954 20% 21 3 aax 22 1 |

*Excluding December, 1954

24 o



The relative humidity groups used were (1) in the early 1930s when smog and its eye-irritat-
19-40%, (2) 41%-70%, (3) T1%-90%, (4) ing and plantdamaging effects were unheard of.
91%-100%. The wind direction groups were At least for the summer period, and to some ex-
(1) north-northeast to east, (2) east-southeast tent in other months, there has been a fairly
to south, (3) south-southwest to west, (4) west- consistent decrease through the years. In the
northwest to north, (5) calm (speed less than case of high visibilities, the introduction of con-
1.5 miles an hour). Observations with current trol measures in 1947 seems to have had no
precipitation were eliminated. In order to have effect in stemming the decrease in the frequency
a sufficient number of observations for a particu- of their occurrence.
ar humidity and wind direction group, the data stoi fh en OF. the trae Sian Falli paa
re eehee ee a
ogether. Altogether six such groups were used, pe reserved for the separate report on the visi-covering the period 1933 to 1954. Tepre ee
Table IV gives an example of the type of re-

sults which can be obtained—the percentage of
noon observations with visibility less than three EVALUATION OF SPECULATIONS
miles and more than twelve miles, for relative TO ELIMINATE SMOG BY
humidity group 2 and wind direction groups METEOROLOGICAL
2 and 3. EFFECTS

It will be seen in the Table that, except for : .
the winter season, the period 1944-1947 had a | Tos Tr Ey oe SE
larger percentage of days with noon visibility +5 CXC] Severs) Propa - 4 of smog by altering the temperature structure or
less than three miles than any other period, as g, pavern of the air over the Basin. In general,seen particularly in the July-October columns. aR: Beeps Base noi
This may be due to the fact that these months "3 oy ”
are the ones when the subsidents nveesion tale, || Lit forward, we found that such proposals in;one ne ee variably ignore the vast amount of energy re-most always present and is lowest, so that the ~~ “ece0lY EO TG VO There h
influence of pollution is felt the most. The larger~~Jin12 See0mPCSt Liew RUTRORES, one Hove

i iti OF tL also been suggestions that a search be made for
percentage of low visibilities for wind direction ffect which will trigger natural fo
group 2 than for wind direction group 3 may qo i a Eres
rellst the distribution of heavy dndesey to fhe 20cquate to achieve them. Unil thete is somey (0 The indication that natural forces exist in latentlysoutheast of downtown Los Angeles. acho) Ta re J¥ unstable equilibrium, it remains the impression
The decrease in percentage of days with visi- of the Foundation staff that such a search is not

bility less than three miles after 1947 suggests deserving of the investment of time and money.
that themeasures adopted to control the emission All the presently available meteorological in-
of particulates were effective. formation emphasizes the great stability of the

Failure of the winter data for wind direction situation.
group 2 10 show the same pattern as for the other a a Rie
seasons may indicate that inthe unstable Mir oper eramleof BERL he sof
mass of thatseason pollution is so rapidly dif: mr Bras ana
He id bi it is not a major factor in the pat 4 line of giant windmills be installed to blow

7 Variation the smog away. Neglecting the effect of the con-
In summer, noon visibilities greater than fining mountains, the opposing pressure forces

twelve miles occurred less than 12% of the time. which would be set up the moment the air be-
with these humidities and wind directions, even gan to move, or the turbulence which would be
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created, we computed the amount of energy re- network of wind stations, which was discussed:cs gy
quired to maintain a wind against ground fric- briefly in the section on the tracer study. TheyI & y
tion over the area (4000 kn) of the Los Angeles tracer study indicated that the movement of aif
Basin. pollution over the Basin is faster than that fo

; dicated by the surface winds. While this may,The energy required is proportional to the dicated by the surface Yt higher
cube of the velocity, the constant of proportion. 10Som extentduc loFsPe FIC gence
ality depending on he roughness of the terrain. [vlad edd AWARE LEE icy of the
If the entire Los Angeles area were as smooth hal i larke partitisdue10CEIVRI Foo
as a golf green, it would require about 400,000 5 P eR
kilowatts or 535,000 horse power to maintaina ~~ SPeeeS:
wind of 4% miles per hour, and 3,200,000 kilo- Tt was learned that the Los Angeles Cored
walts or 4,300,000 horse power to maintain a Air Pollution Control District, under whose

wind of nine miles per hour against surface efforts the network wasestablished, has 10 POS
friction. For the actual character of the terrain ram of checking or servicing the instruments;
it seems reasonable to assume a roughness factor The monitoring is done only to call attention &
at least five times that for a close-cropped lawn. the cooperating agency to any indication in te
Thus, we have for the minimum likely values data that the equipment is not functioning Prop
2,000,000 kw (2,700,000 HP) for the 4% mile. erly. Since the plotting and analysis of the data J
perhour wind, and 16,000,000 kw (21,500,000 by the APCD usually takes several months, these
HP) for the9mile-per-hourwind. obvious defects can pass unnoticed for long.

5 ods. The Foundation will that the: riods. ion wi e
Interpreted in terms of 5000 HP engines ABD.atablch  ooram ofroutine mainte-

operating fans at 100% efficiency in producing nance and service
translational motion, at least 540 fans would be E lr that four
required to maintain a 4% mile:per-hour wind, The Foundation intends to proposethat Jo)
or 4,300 fans for a 9 mileperhour wind, An Standard sensitive anemometers bePCY
appreciation of the amount of energy involved 41doperated fora weekatcach OFAC SCE
can be had by comparison with the total installed Wine sttions. In EE SEARS IEEE pe
capacit lectric erating i ng lol (Wine wil o Spas
Sefa Eo in the ation observations with accurate wind measure
end of 1952. Thusa minimum of 2% of the ments, The speeds at which the sationA0ey
total capacity afi U.S. would be required 7 anEn si err ol
‘maintaining a 4% mile-per-hour wind, and 20 a ion fer al. al :
of it would be needed for maintaining a 9 mile: po ile InToosnrSE 2a or four months s de
BS at all stations in the network. 1
As stated earlier, this computation ignores the (2) A second meteorological project which

effects ofconfining mountain, opposing pressure hag heen proposed, and may be carried out in
Lo and turbulence generated by the fans. ye Department of Meteorology at the University

ince the energy requirement is prohibitively of California at Los Angeles, is a study of the
great even when these effects are neglected, no feasibility of computing wind trajectories or
computation was undertaken with them taken highspeed digital computing machines. For the
into account. interpretation of the measurements made in the

Aerometric Survey (see Chapter V), it is de
FUTURE RESEARCH sirable to compute thousands of trajectories

(1) Of top priority in future meteorological Computation of these by. traditional method
investigations is the calibration of the existing would involve a tremendous expenditure of time
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by skilled personnel. It is hoped that methods  propriation of funds to the University by the
can be devised which will enable their compu- State Legislature, or alternately on equivalent
tation by machine in much less time and with support from the National Science Foundation
much less expense. or other federal agencies.

(3) Another meteorological project, which has (4) As part of the ActometriciSazveybfor
been proposed for the Department of Meteor. 1955, it is planned to take temperature sound~
ology at the University of California at Los ings by captive balloon at stations near down-
Angeles, is entitled “Pollution Concentrations town Los Angeles and in Pasadena. These, to-
from Area Sources in the Los Angeles Basin.” It gether with the regular radiosonde observations
is planned to assume reasonable models for the {aken four times a day at Long Beach, will give
distribution of pollution source intensity as a information concerning the variation in height
function of space and time and to compute the re- of the inversion over the Basin. This information
sulting concentrationsasafunction of space and will be valuable in interpreting the chemical,
time, using observed patterns of wind and other plant damage, and eye irritation data, as well
meteorological data. as giving additional valuable meteorological sta-

Both the above projects are dependent on ap- tistics.

III. CHEMICAL ASPECTS

INTRODUCTION one part per million parts of air. This has a pro-
found fleet anreaction rales,

oe There is uncertainty as to the starting com-
"HERE isreasonable agreement among work: puns, intermediate “und end products, mech.

ers on the air pollution problem in Los Ab gig ang rates of reactions, and the intensity
geles that a photochemical oxidation process is gq wave lengths of light which produce the
responsible for theplantdamaging and eyeirt- reactions.
tating characteristics of Los Angeles smog. How- Further study of these problems is imperative.
ever, because of the extremely low concentration Any solution to the smo problem should have
of most of the substances involved and the com- as its goal a maximum allowable concentration
plex mixture of pollutants that arisefrom arap- of the reacting substances. Furthermore, the
idly growing industrialized area, the experi- evaluation of possible control measures such as
mental problem of duplicating these reactions in a “blocking” reaction, or increasing the rate of
the laboratory is quite formidable. degradation of the smogcausing intermediates,

or including a harmless side reaction, can only
The reactants, with the possible exception of be carried out after the nature of the reactions

oxygen, are present in amounts no larger than is understood.
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The work being carried on in this program ing agents without altering its composition other
includes a critical review of the literature of wise. It has been shown previously that this ma)
atmospheric chemistry, studies of smogforming be possible by filtration of the air through a bed:
reactions using the Los Angeles atmosphere, and of crumbled foam rubber which removes ozo
studies of photochemical reactions in the labora- and the phytotoxic agents but not the organics
tory using synthetic gas mixtures. Ozone may then be added to polluted air in con

centrations comparable to those found in the
REVIEW OF LITERATURE atmosphere, permited to react for a period¢be!

i . time ranging from a few minutes to se
A erical examination of the literature of | OE HER EAE ined for

atmospheric chemistry has been undertaken by lous SCthe436 an SE BEBE Ka,
Professor Philip A. Leighton and Professor Wil- Tn 3 ine if SmOE
Tia A. Perkins, both of the Chemistry Departs radiation of polluted aie to desermine fSi
rTAa develops. Once the techniques of controle

ment at Stanford University.It is planned not il stituents can
anly to evaluste critically. the available pubs | Dtion of smog are So ine their effect
Tished reports but also to discuss with the re. Uc removed selectively to determine
search workers their latest and unpublished find- jon Smeg formation. ie

ings From this account some fundamental experi
: mental problems become evident. The first is a1

At present, all available reports are being analytical one, for it will be necessary to know
collected and digested. A compilation has been when smog has been formed and to get a measure.
made of several dozen possible reactions of 0x- uf 11 actteity. Since smog is defined by its plant:
ides of nitrogen, and the most probable reactions damaging, eye.irritating, and visibility-reducing
are being determined. This project is expected properties, these criteria will have to be applied: |
to take an additional six months or more. OF those, plant damage is experimentally, the

most easily accessible one, and indicator plants
SMOG-FORMING REACTIONS will be used as a criterion of smog formation:
SCRUBBING EXPERIMENTS Once the experimental conditions are sufficiently

narrowed, eye irritation studies will be incorpo
“This project is concerned with the mechanism rated. Measurements of visibility will suppl

of formation of smog utilizing the Los Angeles ment theother techniques.

atmosphere directly, subjecting it to various i.e yge of indicator plants for the detection
treatments including the addition of ozone, ir. op otSE0 WEEEGoAal
radiation with. controlled intensity and wave 77088VEL SEEBE(Ce elabe
lengths, and. the subtraction of materials by “ever Mien toe mELI HyORC EE der to
scrubbing the air with various reagents. The con- ~~ o3€ PEE Bes B00 8C0Cl Tie, A
tractor on this project is Stanford Research Tn 2 FEHEEGER eo be controlled
situte. in the growing of plants to assure uniform mates
From an experimental point of view, the prob- rial: temperature, relative humidity, light, coms

lem resolves itself into the controlled formation position of the nutrient solution, age of the te
of smog by reacting polluted but non-smoggy air plants, and the particular variety of plants used
with oxidizing agents such as ozone or the oxides Two xooms for the growing of plants under
of nitrogen under conditions comparable in time carefully controlled conditions have been cons
and concentration to those encountered in the —z— 5 :
atmosphere. There are two possible sources of dB fia
polluted, non-smoggy air: (1) night air, or (2) from Air Pollution in the Los Angeles Area.” Plan
daytime air treated to remove the plant-damag. Physiology 27, 1834 (an, 1952). A
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|| y ]| ructed. These rooms provide control of light, chamber was approximately anedhird the inten-
| temperature, moisture, filtration of outside air sity of noon illuminati a a
| through charcoal filters, and careful control of fog chon Jenintion Boise WARES
eitmaa Be Ee
| tion chamber has been constructed of glasslined A lai Sy
omcmeri peeeae
0 ey Ri sm eee re Meee sli ie tet
Hl control devices. Also two smaller exposure cham- that pp vesSe
ore eros Ts hc se eam Win pasgee Bona amepe

Qc Fo te onFe come hl Vikea he Shwide
pri vit alesis iy fe sate? ii) oes Bore

| hich are being exposed tovarious atmospheres though it was known tha the intensity of irradia-
vill be groving under condiions which appro ion was na adequate to produce the maim
mate daylight. oxidant value of which it was capable. Addi-
; Several different erie of the plants are tional mercury arclights are now being installed.
cing grown: pinto beans, Poa annua, spinach,

| and romaine lettuce. The results of a an | EotueeWack fy
| periment, using statistical test planning, appear Irradiation of night air with appropriate in-
QF Table L. In cis experiment wage vas added iteasitylcr Light andlexposure of planispeill bere a vaidany  Unertaken, together with cye irritation studies
| oer oon Tho mec of 20 measurements of isl IF the ress

ea ag woe mr law from these studies indicate hat smog manifesta
i tions are produced, the next phase of the pro-

gram, selective removal of various constituents,

CHATTER M=TARLEY will be undertaken.
PLANT FUMIGATION WITH 0:ATIONATH ONE AND PHOTOCHEMICAL REACTIONS

Time of fumigation: 5:00 PM—8:00AM, This project studies the mechanism of reaction
Ort a between synthetic atmosphere under the influence.
me ree of controlled radiation both as to intensity and
— wave length. The contractor is Armour Research

widentieofume Foundation, Chicago, llinois.
nie It has been determined by a number of
soy workers that the principal chemical character:

| ie istics of Los Angeles smog is the presence of
- extremely high oxidant concentrations during pe-

| Tm Tein wean od of bok polluan neni. nan stempt
Sie, ged che WIE bab to duplicate the lachrymatory effects of

le vee i bee smog and to identify a possible souee of the
os 2 = 3 oxidant, HaagenSmit and his coworkers? in-

0 ee ei = i vestigated the photochemical reactions of a se-
a as sie ofshe mixture of imgen ode

rcury are lights have been i arbons i i r-I
| chamber. With these eight lamps in operation, caleeePeat wa TEexonons Setons
is, oF Wher 4 eres ot Ta awi A| of the bile Exhaust” Air Repair, 4, No.3 (November, 1954).
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riers. Tnthse sysems, the oxidant was produced ence of 0.4 ppm nitrogen dioxide and also tha
photochemically; the yield was extremely de: cracking occurred in nitrogen dioxide alone.
pendent on the hydrocarbonnitrogen dioxide .
sg Bnmon reeth 2d 0S

a ats got per lal wane Boand ty, oopencies, The differences In Die TOR
Soremien tradi (Lonel may be due fo he diezercss2 NONE
a 2 i Length distribution and intensity used in the ra-
in the presence of nitrogen dioxide. din, J

The most complete study made by Haagen: a 3
Smit was on the nitrogen AT. This project is in its constructionpebL:
Tene sre wilh vi seat pre ores mea wide wigs SRL
a three dimensional curve showing the inter: See pi£ily been fabricated an rr best

amea| Swi Yo sys weenie marly cutie
seswing apidart eve To hi Tete api oe Lu sescant chavs, dilation bute p28 0)
example th hain of OF ppm vig divide epsom nd the photolysis bulb arc Sens
ith 10 ppm 3methyl heptane resulied in appre. Oper em inluding & long shsorption cel IHL
cinble robber crackingunder he selected expers CLncrving oaone fomation [x te, 1eCEICRY
el onions roves 1 di Wptivenrgon | (travialstahorption bent, the Dit syste HR
cotaqniating honen wat rol n gavsten then Lie photslyels sore, andleleatonts SHERRY
one handrad pores woryalingicracking aslo EELS Leimg sssetled
served under his experimental conditions. Other Future Work
workers (unpublished work) repeated some of When construction is complete, the nitrogen
Haagen-Smit’s work with respect to reactant con- ~~ dioxide-hydrocarbon-irradiation system will be:
cenrations but with different irradiation condi- investigated under carefully fixed conditions of
tions and found that cracking occurred at 1170 wavelength, light intensity, and irradiation time.

ppm 3-methy] heptane in flered air in the pres: to determine the important reaction parameters.
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IV. STUDY OF COMBUSTION PRODUCTS

THE various gaseous pollutants entering the action products of osane and varius hydra:
Los Angeles atmosphere result primarily bons, and also ozone and automobile exhaust. In

from the combustion of organic material, eg. all cases, the amount of hydrocarbons necessary
gasoline, fuel oil, natural gas, and refuse. A has been higher than concentrations experienced
great deal of the particulate matter (smoke) in the Los Angeles atmosphere. On the other
arises from the same sources. The other source hand, damage has been produced with ozone and
of gaseous pollutants is evaporation of volatile automobile exhaust in concentrations even lower.
solvents such as gasoline, paint solvents, and dry- than those often experienced in Los Angeles.This
leaning fluids. anomaly leads one to wonder if plant damage is

id a function of gross hydrocarbon concentration
ote rac, comin of the diferent pelle MR ECE ius comatrengs ts reactsants to smog manifestations is not known. The ~~ ¢° 10 mh
Foundation has therefore initiated several re- (0 ('® €20e ML WIE S08 EVECEE TUE
search projecs directed toward determining the 47¢® Produce typical smog damage on plants
relative importance of rious components of General Plan
combustion effluents in the formation of smoy i "Such informion will he maleate ithe gh Equipmunt kas bee cessed at Midwest Rey
velopment of adequate control methods. ash fost ifaseg ourtio igie igh pecstions of auto exhaust under various conditions of

Data available at the time of the formation of engine operation and use of fuels of different
the Foundation have been assembled and ana- composition. These liquefiable productswill then
lyzed in Report No. 2! of the Foundation. On be separated into various fractions by both
the basis of the report, further work was planned chemical and physical means, and the effect of
to reconcile differences among various investiga: each fraction on producing plant damage after
tors and to extend our knowledge of the field. being mixed with ozone will be tested. It is pos-

sible that ane or more of the various fractions
COMPOSITION OF AUTO EXHAUST will produce plant damage much more readily

MIDWEST RESEARCH INSTITUTE, than he thr. In is cent, Saher ly will
be directed toward the composition of the re-

KANSAS CITY, MISSOURI active fractions for the purpose of determining
Background more exactly the material responsible for plant

Investigators have been able to produce smog 4amage and, later, eye citation.
damage to plants by subjecting them to the re- Gaps

Faith, W. L., “Combustion and Smog” Air Polls: Facilities for testing the effect of mixtures of
tion Foundation, Report No. 2, September, 1954. exhaust gases and ozone on pinto beans (the test
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ile (Fi . ih the above work, tess ar
plant) have been built (Fig. 1). Source of ex Concurrently with the a ‘
Faust gas is a 1941 Cadillac which during idling also under way to determine the effect of ad

emits an exhaust gas containing 0.15% hydro- tion of various amounts ofethylalabelis @ ;

carbone, The test chamber and the bean plants line on the composition of exhaust gases.
ore eurently being calibrated. Initial results in- Ford V-8 station wagon is being used forte
dicate that considerable difficulty may be ex- tests which are just getting under way {5 2 :

pected in using the pinto bean for more than a Initial analyses will be made with the Beckie
qualitative estimation of plant damage. IR-2 spectrophotometer.

|

| 32 |

ne es E



COMPOSITION OF tribution of incinerator effluents to smog is the
INCINERATOR GASES 100 tons of smoke which decreases visibility and

BATTELLE ay, Ins adds to the haze. No effect on vegetation damage| and eye irritation has been found.
| Background Ontheother hand,Stanford Research Institute:| Work by different investigators leading 10 in repo8" her backyard incinerators in the Loe
| formation on the composition of fluent gases (ol back) ot

from backyard incinerators is fragmentary and E¢leS Basinproduce over 500 tons of invis-
| conflicting. The Los Angeles County Air Polly. ible “organics of undetermined nature. These
| tion Control District” holds that the primary con. materials could well be effective in damaging

Bl 5cvtHoBeenDone-WhatMustBene P15 4nd casing eye iritation.
| | Los Angeles County Air Pollution Control District, *The Smog Problem in Los Angeles County,” Stan-

| April, 1954. Jord Research Institute, January, 1954.
H{
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Exhaust sampling equipment in Ford station wagon—Midwest Research Institute
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Cirwrran IV- Fic. 3
“Backyard incinerator and sunilary equipment—Battelle Memorial Tnatitute 1
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General Plan on a weight as well as a size and count basis, and |

A typical backyard incinerator will be oper- analyzed. )

ated with the various types and ratios of refuse Status

usually burned in the Los Angeles area. Under This project got under way on November 15,

a variety of operating conditions, the efluent 1954. A backyard incinerator of six-cubic-foo
gaseswillbe analyzedfor types of gaseous mate capacity has been built and the necessary cons
rials in the fluent, using infrared, ultra-violet, trol and analytical equipment procured and as-

and mass spectrometers as well as gas chroma.  sembled (Fig. 3). Tests started about January
tography. Aerosols evolved will also be collected 20, 1955.
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SMOG-FORMING POTENTIAL OF controlling the emission of auto exhaust. Two
VARIOUS COMBUSTION projects have accordingly been initiated in this

EFFLUENTS area.
We propose to carry out large test chamber Evaluation of Control Devices

experiments, working with actual pollutants in for Automobile Exhaust

stead of synthetic mixtures, to study Los Angeles Southwest Research Institute,
smog under conditions which can be controlled San Antonio, Texas
in this chamber. We should prefer to experiment Background
with the entire Los Angeles Basin. This is im- OF the many proposed devices for controlling
possible, as we cannot control the weather. In hydrocarbon emissions from automobile. tail-
Operation Pilot Plant, we could control the tem- pipes, three general types are attractive: (1) ex-
perature, wind, humidity, concentration of pol: haust oxidation devices, (2) fuel feed cutoff
lutants, the amount of light, etc. In a large devices operating during deceleration, and (3)
chamber of special construction, perhaps as big fuel injection devices.
as an airplane hangar, we could supply straight The automobile industry is greatly interested
auto exhaust at one time, backyard incinerator in the fuel cutoff valves because they show
smoke at another, hydrocarbons at another; then promise of not only reducing hydrocarbon emis-
mixtures of two or more of these pollutants. We sions but also of adding to fuel mileage. Several
could find accurate answers to such questions 8s companies are working on the development of
“does auto exhaust actually form smog?” or such devices, and the Foundation is keeping in-
“what would be the effect of closing down the formed of progress. A device of this sort may
refineries, stopping all incinerators, or keeping be expected to reduce hydrocarbon emissions by
all cars off the roads?” Two years with this 30% to 50%. Proposed fuel injection devices
operation, whatever the cost, would be time and would involve major changes in engine design
money saved in trying futile experiments on the and, hence, many years of development. This ap-
whole Basin itself. Operation Pilot Plant is a proach does not appeartobe suffciently promis-
natural for the University of California; the ing at an early enough date to warrant study at
main installation would probably be built at this time. The third possiblity, the oxidation of
Riverside; experts from other faculties would exhaust hydrocarbons to carbon dioxide and
be called in and perhaps someof the work might water in a specially designed mufler, gives
be assigned to other sections of the University promise of application to both new and old cars,
of California. Because this work would increase and possibly a 99% reduction in exhaust hydro-
understanding of air pollution problems in the carbons.
San Francisco Bay Area, in San Diego, and other The most promising device in this field is the
cities, it is a good state project. The University ~~ Houdry catalytic muller for use with leaded
of California is interested in carrying out a pro- gasoline. Preliminary tests made by both Oxy-
ject of this nature and is currently secking funds Catalyst, Ine. and the Los Angeles County Air |
from the state legislature to underwrite the pro Pollution Control District showed that the device

ject. has merit. Tt therefore appeared necessary to
submit the muffler to road tests under various

CONTROL OF AUTO EXHAUST conditions of operation, terrain, weather, etc. A
Even though the Foundation believes further contract was therefore made with Southwest Re-

information is necessary to pinpoint the actual search Institute to carry out these tests in its
constituents of combustion effluents responsible laboratory in San Antonio, Texas, under the
for various manifestations of smog, it would be supervision of its Department of Engines, Fuels
remiss if some activity were not directed toward and Lubricants Research.
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Cuaprer IV -Fic, 4
Houdry catalytic muffr being installed on automobile—Southwest Research Institute

36

|



General Plan Basin increases, smog frequency may be ex-
The plan is to carry out life tesls of catalytic pected to increase. To obtain relief at an early

converters installed on several makes of auto date, we may have to resort to stopgap pro-
wobiles. Four converters for use with leaded cedures which are not economic in the long run.
gasoline will be installed on a 1954 Ford V-8, Many such stopgap procedures have been pro-
1954 DeSoto V-8, 1953 Buick V-8, and a 1953 posed, not only by the uninformed, but also by

Cadillac (Fig. 4). The individual cars will be men of considerable stature in scientific, civic,
run on a proposed 20,000-mile road test, during and politcal affairs of Southern California, The
which time the operators will determine the effect facts concerning the technical and economic

of these converters on the operating character- feasibility of these proposals have not been
{atics of the automobile. At the endof each 1,000 available either to community leaders or to the
miles, the car will be returned to the laboratory public.
for an inspection and also for an analysis of the Proposals for stopgap procedures include thehydrocarbon content of the us esfxg follow
different conditions of operation.At the end of .
Uh test exhaust gas analyses ill be checked by (8) T juselofSong Sal)
the Los Angeles County Air Pollution Control fo Ee Ee ed
District. If the converters fail during the 20,000 0 th. generally actepted supposition oe the
mile ro tes, the catalyst will be reconditioned cat comerer for nonleaded gasoline has
in the presence of a representative of Southwest been successfully developed.
Research Institute or the Air Pollution Founda- (b) The use of the Houdry catalytic converter,
tion, and the converter put back on the car. Iris Which is supposedly effective in oxidizing the
possible that when these testsare completed other hydrocarbon constituents of leaded gasoline.
pes of devices may also be subjected to life (c) The use of liquefied petroleum gases in

tests. place of gasoline in internal-combustion engines.
This proposal is based on the theory that only

Status hydrocarbons of four carbon atoms per molecule
Tests started on February 15, 1955. In ad- or above contribute to smog.

dition tothe tests using leaded gasoline, two con: (4) Alcohol blends as automotive fuel. This
verters designed for use with white (nonleaded) paced on claims that alcohol improves the com:
re vil be turyon i Chevrolet pygtion of hydrocarbons in the cylinder.
owerglides and evaluated in the same way as ot

the Ieaded gasoline mufflers Thus, f the latter (¢) Fuel rationing. The supposed advantages) of this proposal are obvious.type fails and the former does nat, a stopgap # ree tames from *
method may be available to the ares, provided (0)onto aFontep . : : 2 mo-
fies white gasoline cen be made avalablesR EE oF CS Hic tel of napoed Wire
Benoni Feasihil cating oil droplets from the exhaust pipe not
oepaopgep Methods bu gray to reduced vii
Som Atari, Tease that they also emit much larger quantities of un-

He burned gasoline than properly maintained and
Background operated cars.

tis becoming apparent that the ultimatesolu: (g) Further control of hydrocarbon losses
tion 10 the Los Angeles smog problem may re- which accompany the distribution of automotive
quire automotive or fuel changes which will not fuels. After present control methods are adopted
be effective in the Los Angeles area for perhaps by the petroleum refining industry, the largest
ten years. As the population of the Los Angeles contributions to hydrocarbon emissions as such

3
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will be from filling tanks at bulk storage ter. field. Arrangements are being made to test th |
minals, tank trucks, ling station delivery tanks, device, Preliminary results also indicate that up; |
and automobile fuel tanks. The costs involved in to 50% elimination of hydrocarbon emissions:
further contol of these emissions must be de- would result from proper maintenance of autor S|

termined. mobiles, and particularly, proper adjustment of |
Gant i air/fuel ratios. A further dividend from the Jf

: latter adjustment would be improved gasolin
It i proposed to study al of the factors in pce |

volved in making any of the above changes, % |
cither in whole, or in part, or in combination one |
with another. Most ofthe data will be secured by FUTURE RESEARCH |
conversations with experts in the petroleum and Baie Design Data for Exhaust Conve! ters
automotive fields. In a few cases, some prelimin- ]
ary test work may have to be carried out; butin Background
general, the proposals villbeevaluated both on Many attempts have been made to design.
the basis of current knowledge of the effective: device in which the hydrocarbon content of auto
ness of the method under consideration and also exhaust gases could be oxidized completely. fo
on the assumption that partially developed meth. carbon dioxide and water. It is obvious, however
ods may be made 100% effective. It is obvious that one cannot design a piece of equipment unt
to many technical men that many of these pro- the process requirements are known. Wl
posals will require such far-reaching expendi- -
ture of funds and changes in our way of life that ~~ General Plan 7 7
it might be easier to move the city than to impose It is proposed to initiate a laboratory stud)
the suggested remedies on the Los Angeles to determine the effects of time, temperature;
public. It is important, however, that these facts pressure, catalyst, and concentration variables or
be clearly pointed out and made available to the oxidation of the hydrocarbons presentin ex
the public. haust gases. This information will then be mad

available to any and all persons interestedinth
Status design of equipment to carry out this reaction.

Studies are in progress and only partial b.
answers are therefore available. However, one Status 1
design of an afterburner has been unearthed A proposal is being prepared by awell-knows
which shows considrable promise in the bus research laboratory. 4
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V. AEROMETRIC SURVEY" |

INTRODUCTION District, downtown Los Angeles, Pasadena, Azu-
sa; another involved Venice, Wilshire District,

; downtown Los Angeles, and Burbank; another
A REVIEW of reports and data available og: Si resoeAan 80anyone concerned with the smog problem in 171014 DBInBL, dowman Fe Hgts hd
Torey 1954 revealed theogquestions series extended from Artesia, Rivera to Bassett

and gaps nthe statusof knowledged and Amsa, Finally, it was decided that data
1. Sufficient data had not been obtained to should be obtained on acontinuous basis when

permit any sound conclusion to be drawn with atall feasible, twenty-four hoursa day through-
respect 10 the possible movement of smog or out the period.
smogproducing substances.

2. What was the relationship between oxidant DESCRIPTION OF STATIONS
value and manifestations of smog, namely eye :
irritation, plant damage, and reduced visibility? With thecooperative support of the Los An-

7% geles County Air Pollution Control District, Los
5. How were the manifestations of smog dis $21.5 County Department of Charities, Caliibid in severity and time throughout the fois Tt of Techn, American Cr.

entire Basin? anamid Company in Amst, and various Los
With the above factors in mind t was reasoned Angeles Cty and County departments, ites were

bat a continuous monitoring of the Los Angeles inspected during June and July, 1954. Final |
atmosphere during the period of highest in selections were made in the middle of July as
idence of smog was appropriate. Accordingly, follows:
with the best meteorological data available, a Station 1—Veni
network of ten sampling stations was established Ci dng ome uh
(Fig, 1) and one monitoring station outside the 1 This sampling site was at he shoreof the
Los Angels Basin was also se up. The stations PacificOca in a recreational,rsidenal ype
vere chosen to Te along typical surface wind 158 Vil some commercial activ. Here were
trajectories for the period in question, namely: stalled an oxidant recorder; oxides of nitrogenAugust 110 December 1. 1954, One sional ple, and surface wind anemometr.
etores involved stations in Venice, Wilshire Station 2—Wilshire District
eas ; This sampling site was on the third floor of
Lomfr partof hssuswessupported bythe 1 Angels High School: he ara is pr-
through a research contract with the Air Pollution marily residential. The site was used both by
Foundation. the Air Pollution Control District and the Foun-
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1 dation. Equipment was installed in a room 9’ x
Ny iy 12’ whose windows overlooked an inside court
[REN re large enough to be considered in equilibrium

1 CEs 3 with the general atmosphere of the area. The
1m ET HH Foundation. installed an oxidant recorder; a
1n upd EEE 3 plant damage test chamber: a hygrothermograph,
¥ © HEC SREREN © and a transmissometer on the roof of the main

1M 25 Boal eieg «1 4, building The District operated a sulfur dioxide
1301 hrc me recorder and sampled for hydrocarbons, carbon
mn =SCEA 3 LER | monoxide, aldehydes, and oxides of nitrogen.
an =] GhrE rT Station 3—Downtown Los Angeles

Pi == aEABE_ This station (Fig. 2) was in an office on the
EE ee fourth floor ofthe Fidelity BuildingatSixthand
oy EU EI] Spring Ses, overlookinga lar expanse im
om ae) Sgr mediately below which is a parking lot to the
5) a 5 Fp north; this sampling site is obviously in the
= Ei heavycommercialand industrialarea. The Foun-

SE PA P= dation installed here an oxidant recorder; sulfur
AY is dioxide recorder; oxides of nitrogen sampler;

(Ls au plant test chamber; hygrothermograph; equip-
soa ment for sampling hydrocarbons, aldehydes, car-

bon monoxide; AISI hourly particulate sampler,
and a high volume particulate sampler.

Chapren V—Fic. 2 Station 4—Pasadena
View from Fidelity Building This sampling site (Fig. 3) was located on the

fourthloor roof of a California Institute of
Technology building in a residential area. The

Citavren V-Fic. 3 TY a
California Institute of Technology i

View from 10of of physics building |
~~ of =Big Fi

El . a

He

— :

a



Foundation installed an oxidantrecorders oxides through a window and the plant test chambef
of nitrogen sample; plant test chamber; hygro- with hygrothermograph outside the building nes}
thermograph; equipment for sampling hydro. some bushes. This station was in an agricultur
carbons, aldehydes, and carbon monoxide; AISI area,
hourly particulate sampler; high volume twenty. Station T0Reus
four (24) hourly particulate sampler, and a This station was in alittle used buildingon 136

transmissometer, grounds of the American Cyanamid Compan}
Station 5—Burbank an industrial area. The Foundation installed a8

This sampling site was located on a ground oxidant recorder on the ground floor with sami
floor room of a school building overlooking a pling tube through the window.
recreational area in a commercial district. The Station: 12. Sants Babar)
Foundation installed an oxidant recorder and an ation was nous. the Santa Barbara
oxides of nitrogen sampler in an unused ante: pon "about 100 miles northwest of Los Angelest
room, with sampling tubes from the equipment The’ Foundation installed an oxidant recordé
rok gents Asoutie Station 12 was, considered a monitoring Point

Station 6—Dominguez for the Los Angeles Basin, remote from hum
This station located in the oil refinery area activity, but under similar meteorological infli

was in the backyard ofa fire station alongside ences and conditions,
theparked mobile laboratory of theLos Angeles In addition to the above stations, oxidant I&
County Air Pollution Control Distriet, It con corder data were available from the Districh
sisted of two plywood shacks, one to house the headquarters in Vernon, a heavy industrial are
oxidant recorder and recorder for the transmis- and from the Riverside Campus of the Univer
someter, the other to housethe planttest chamber sity of California. In the downtown Los Angeles
and hygrothermograph, The transmissometer area, Hall of Recordsninth floor, theLosAngeles
transmitter was located on the roof of a cafe ap- County Air Pollution Control District had equip
proximately 500 feet east of the receiver which ment for sampling hydrocarbon, aldehydes, eat"
was on the fire station roof proper. bon monoxide, and oxides of nitrogen; across the:

Station 7—Artesia street, data from a particulate sampler and suk}
This sampling site was in a commercial area fur dioxide recorder on the roof (18th floor) of

on the ground floor of the school district ofice the Federal Building were available, as well 8
building. The Foundation installed an oxidant  transmissometer data on the sixth floor level. Th
recorder in this room and ran a sampling tube latter sites were labelled Stations 13 and 13a.
out the window. hy i

Sarton oe Rnera Instrumentation i
This station was on the ground floor of the (1) Oxidant Recorder |

Insectaryofthe County Agricultural Commission Twelve recording instruments for this survey
Building, which for practical purposes was open based on the design of Littman and Benoliel
10 the atmosphere.The Foundation installed here were constructed by Beckman Instruments, In
an oxidant recorder and plant test chamber with at Fullerton, California. These recorders (Fig:
hygrothermograph. The station was in an open 4) consist of two functional parts: a recording.
space between light industrial areas. colorimeter and a continuous counter current g

Station 9—Bassett scrubber. A glass column packed with single tum.
Thissampling site was located in the recrea:  Liuman, F. E. and Benolicl, R. W., “Continuous

tion buildingofapark.The Foundation installed Oxidant Recorder.” Analytical Chem., 25, 1480-1
an oxidant recorder with sampling tube out (1953). 4
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Curren V- Fic. 4 (2) Oxides of Nitrogen Sampler
Oxidant recorder Four special oxides of nitrogen samplers were

, — designed and constructed for use in this survey
1 by A. L. Chaney and Kenneth Johnson (Fig. 5)-

f 7 These samplers consisted of a turntable holding
| |: - . : eight 500 ml. evacuated sample boules. This
i i I turntablewasdesigned to rate citherat the rate

[i 3 of one revolution in twenty-four hours or one
[fi : revolution in eight hours, depending upon the

am gear train used.
Ta Each sample bottle was closed with a serum
(7a, stopper and evacuated through a side arm which
rT could be sealed of either witha stopcock or with
A ( a piece of plastic tubing and a short piece of

| = glass rod. The eight bottles were held firmly on |
J: l the rotating turntable.

ll, © As each boule passed a fixed point, a pin
H | 4 actuatedamicroswitch.Thisoperatedasolenoid

| 3 Zz which forced a hypodermic needle on a lever
Vv arm down through the serum stopper. After a

aS |
LLVT g : Ea A TE FE

Na |
glass helices was used as the absorbing device i 7 | |
and neutral potassium iodide solution as the re- | resis |
actant. The output of the colorimeter was re- (IES CERIN
corded on a Brown recorder calibrated in parts [HS aS SCOR “Snel H
per hundred million expressed as ozone. [1 [1-4 ie
Ten of these recorders were located at Stations i Ca ol a

1 to 10 described previously; an eleventh in- -(Cor d £3
strument was located at Santa Barbara, and a A SAL E55)
welth instrument was located at the Los Angeles FQN
County Air Pollution Control District head- [S585 -
quarters at 5201 South Santa Fe Avenue. The SESS NC NEE
instruments at Stations 1 to 10 were operated EX ~ 4
from early August, 1954 to November 30, 1954. = »
The instruments required frequent servicing . 7

in the early phases of the operation. Several of a a
the instruments required daily service, others > 1
were serviced every other day. After September Ah
15, 1954 servicing had become routine, the in- Es
struments then requiring attention every second d Fob
or third day. Various minor instrumental difi-
allies were gradually discovered and elimin- CarrenV-Fic. 5
ated, Chaney Johnson nitrogen oxide sampler
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prion of sppreiimatly two minotes, during, containing linuid wxygen, a +acuum gaugeysnd
hich tire & sample of sir was drawn into the a vacuum pump. A flow rate of one liter of iF
Fvacusted bostle, the solenoid was switched off per minute was uscd and samples were taken foF
nd the hypodermic needle was withdrawn by a a one-hour period. At the end of this time, the
“pring. The four samplers were located at Sta. Shepherd trap was disconnected, stored in a
tions 1,3, 4, and 5. Dewar flask filled with crushed icc, and returned

4 10 the laboratory. The use of crushed ice for
The procedure for analysis was modified from Ly hors orphe procedarc . 4 storage of Shepherd traps containing freeze-0ut

tht of Fadeod 316. Mellon”The LE TG OE
ee cere npg lad fh taps we evactted so Simin 2

Eos yetes emery i 5 shaclute prisssss iil sill or Hysid este
A Tenant actoS rem ary, |eratiee, Your clos off sn sored He
imthie raw wloeh win pyetermmeone diel | Tor until the tis of gnalseiz
pushed through the serum stopper. Eight sample A PerkinElmer model 21 infrared spectro:
oles and twos blank bottles were prepared for photometer equipped with sodium chloride opr
cach sampling machine. These botiles were tics and a ten-meter multiple reflection gas cell
placed in the sampler cach day and replaced the was used for the analysis, The instrument wasill
following day with another set. calibrated against hexane as a standard using

Wier the samples were collected, 08 wll of 2 corbonhydrogen shaeption band af 28
reagent solution containing sulfanilic acid microns. The trap containing a sample was con-
bite wif wi otach ste ected the gas cell by heating and ashing the
Tor dissotizarinnef wilfugliz idly mny ites. [20 With dey nitrogen gas. Dey uittoges ag
ach atmerberd In the site gdirtide. Alor 22 10 bring the pressure in the ges cellto apy
veering Toe ren, O08 vil ok going, emily on smoeghors shackete, 8 VES
eagne comming. Nplate EEirL of thy PerkinFlmer spert:ophobomtisy
i sedate. wear adel, This wes + Swlvenmeter gas cell appesss as Fig: Sd

a en ;
ts areaaEper op or mend as sei)Se

The seul vere cepa un celine a ANT,Sosaishstere copie © schedule for hydrocarbon samples. The Mine
regen dioxide. Safety Appliance carbon monoxide indicator

(3) ptaeuchor Satple tbe was used for this determination. The
talon or tiateaearbononalamy eer size bil wes eopbned by 5 Sysions consist)Eebaat oe, ESL 8 regaloblo contaning watewhich

mined by infrared abiorption® The freessout rie APEC] OuLALL measured Fae nated
water tmatad o  Tmetets on ragtalt Leleloylinder, neSnags eiisss sonnel
assembly consisted ofu flow meter, an ascarite 1g ho air intake line to the boule. Water was
ii Wp dmimerscd 1& Dewar flan siphoned from the bottle into the graduate at 2

Wn, 5.5, at Mellon, M4, “Colors Do. "01 of approximately 65 ml. per minute unt
on MM tinier Do the color change in the indicator whe was very

; (1946). " pronounced, The color thus produced was =
abr, ah, Hoddon, M, Ws Lottery, §, 1, PAred again the color scale provided by the

dons in the Attimphere” Amilytical Chem 26, #8 recorded together with the volume of air
19 (1572). sampled ax measured by the water in the gradus
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ate cylinder, and the carbon monoxide concen In addition to the measurement of the light

tration was calculated in parts permillion. transmission of the spots,a total of approximale
ly 1200 of the individual spots were cut from

(8) Hil eSargler, re paper tapes and ther Teadcontent determined
The method for determination of aldehyde Ci diihizone method, as described by Chola

was based on the addition reaction of bisulfite to
aldehydes, liberation of the bisulfite and its esti- (7) High Volume Sampler
mation by iodometric titration.*® Ten ml. of a Two Staplex high volume air samplers were

one per cent sodium bisulfite solution was placed used, one at Station 3 and the other at Station 4
in each of three midget impingers placed in These units consist of an air pump for sampling,

series. Air was drawn through these impingers large volumes of air for particulatematterby
at the rate of one-tenth cubic foot per minute for means of filter media. These samplers were mod:

one hour, At the end of this time, the contents ified by constructing two aluminum filter heads
of the impingers were transferred to a flask. to permit the use of a specially fired glass-ibre
‘After various manipulations, the bisulfite which filter web. A rectangular filter, 8” x 10 was
had been released was titrated with dilute iodine used, the ltering area being 63 square inches

solution. (7x9).
(6) AISI Particulate Sampler Air was pumped through these units at the
Two of these instruments developed by Heme: rate of approximately 60 cubic feet per minute,

on, Haines, and Ide” were used, one at Station so that a total of about 85,000 cubic feet of air
3 andtheother at Station 4.Thisunit used filter was pumped in each twenty-four hour period:
paper tape, through which outside air was pump: The total sample weight was determined and the
ed at the rate of approximately 0.25 cubic feet weight of the particulate matter in micrograms
per minute. These instrumentswere set to sample per cubic meter was calculated. In addition, or:
for a one-hour period, at the end of which time ganic matter, polycyclic hydrocarbons and
the filter paper tape was advanced and another anions were determined chemically. Spectro:
sample of onehour duration was taken. The chemical analyses were carried out for fourteen
spots thus obtained on the filer paper tape were cations.
approximately one inch in diameter. These filter x
Foot mei wate srlated by amssatng thoRi (5) Selfur Diositle RecorderJ
Yansmission of ight through them with a special A single instrument for recording the sulfur
densitometer, Hereon has definedaspecial unit dioxide content of theair was borrowed from§
called a Coh unit as being equivalent to an opti- the Kaiser Steel Corporation and operated at

cal density of 0.0L. Thus a spot giving a light Station 3. This instrument is described by
ransmission value of 50% corresponds to an Thomas, Ivie, and Fitt,® and consists of a scrubs
optical density of 0.301 or 30.1 Coh units. bing device in which air and liquid move counter-

pa currently. Air at the rate of 12 to 15 liters per
“Los Angels Air Pollution Control District Test minute is pumped up. through the absorbing

Procedure and Methods in Air Pollution Control,” page
5. Cholak, J, Hubbard, D. M., and Burkey, R. E,

“Goldman, F. H. and Yagoda, Herman, “Collection “Micro-determination of Lead in Biological Material
and Estimation of Traces of FormaldehydeintheAir,” with Dithizone Extraction at High pH,” Analytical

Industrial and Engineering Chem., Analytical Edition, Chem. 20, 671 (1948).

15, 377 (1983). Thomas, Moyer D., Ivie, James O., and Fitt, T.
"Hemeon, W. C. L, Haines, George F. Jr, and Ide, Cleon, “Automatic Apparatus for Determination of

Harold M.. “Determination of Haze and Smoke Con: Small Concentrations of Sulphur Dioxide in Airy” In.
centrations by Filter Paper Samplers,” Air Repair, 3, dustrial and Engineering Chem., Analytical Edition,
No. 1, 2228 (August, 1953). 18, 383.387 (1946).
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column, and the absorbing solution containing. PLANT TEST CHAMBER"

hydrogen peroxide and dilute sulfuric acid flows : 7

down through the column. The solution with ab: ets pry a of tho pines besuplact
Eo ees fos ota a condunirly call andl | 1roie used ssihie asks fol ansoectrg ar

oeso tums, iuny to pluvss, Plog ney sone oF o SBSEY
theconductiey ofhe solutionfone lot was planted in fourinch clay pore so thay

in peal way ears with when the plants reached the proper maturity for

ee ey ttig theco wars ths plan ofa uniform size

Ha Tg ot era tho 20 age Tn exch pot.
period from August 1 to November 30, 1954. The plants reach the proper maturity when

i wn in a glasshouse from 10 to 15 days after
(9) Visual Range Elma 2 oy :

g ig Thus, from the time of initial seeding to
It pos considered Tony 2 ss i, exposure to the atmosphere, a time lapse of 10

a roheEE Ca to 15 Sr Toi plus were grownand

me at certain stationsbut d. ol d protected from air pollution exposure in an

>aaSea puts bi glasshouse located in West Co-

etal smog: UE OH vina. glasshou wi falumin true:

a eninge. mama [ooand rgsnred14 »15107Tt wan provided
tingsuch information. The only such instruments with a carbon flier and evaporative cooler, 50
available to the Foundation for day and night that all of the air introduced into the house was,

i pt well as gah imosghthe satvaied

someters. 5 charcoal to remove the natur: i to

by the Los Angeles International Airport in their a 3!
studies on fog dispersal systems, They were not i

estates the survey Sut powtetislesvo Yin the ylpts, ataisied fs preter Sot for
eo oo serves, Tho Iirumen fo {hel exposure five pots containing three plants

re tue weavers Delowite fe consists | (Sachs andl each plant having two uniforms poh
basically of a light projector having an intensity ary Leaves, were set aside for cach of the six
Ba wivmted slid on a tang Aerometric sampling stations used in this survey.

or post. A photocell receiving unit is mounted on elation wagon was provided for the transport
ound laced 500-1000 1. away Essentially, of these plant to the six stations. The rear por-

OOBx atari ware dtabustll ac @ Funes croc Lis lation Waser kag sealed an ths oil
Eewered toyitntl] | oF olot wes passa rough aciivaiad Sad
ange determinations by curves shown in Fig, 7. A small six volt squirrel-cage fan provided the

necessary air flow through the activated charcoal
Considerable work was invalved in getting the and into the body of the truck. Since it required

instruments in shape and calibrated. Particularly about four hours to completely cover the survey
the projector lamps were shortlived and prone route, the possibility of plants being exposed to
to dNft in intensity despite good voltage regula- natural air pollution while being transported

tion. about Los Angeles County was eliminated. Each

Data were presented on an Esterline Angus ~~ E700 2 flee of the individusl stations was
reag ots Soe enAEs or 8 2 oz posted,
was automatically tumed off anda reading on The man in charge of changing the plants in
background illumination was obtained. the exposure boxes started his route about 3:30

U.S, Dept. of Commerc, Gil Aeronautics Ad: hy John Middleton, Citrus Experiment Satton,
‘ministration, Techn. Dev. Rep. No. 47. University of California, Riverside, California.
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yo. Pacific Standard Time. The first change CurrenV Fic. 8
1 nade at Station 6 in Dominguez. Sesh nt Sn

teach of these stations the plants were placed
ina plywood box measuring two feet on the base, © SA

he feet in height, and four feet in length. A I

Jansparent covering was provided on three sides

of each box so that sufficient light was. trans- i =

sitted into the box. The rear end was enclosed ! —

iha plywood covering except for the opening A Wi

here small squirrel-cage fan with anoperating 2 ul

apacity of about 146 cu. ft. per minute was A
laced in order to provide a constant air flow 3 eA |

rough each of the boxes. The front end of each iL
box was covered with an open-mesh screen. One d We SAND { oo
box was placed at each station, so that it did 3 3 | TR

mot receive direct sunlight. The five pots of plants | Ii Is

were placed in each box at a predetermined =r r

cation. Thus, pots numbered 1, 2, 3, 4, and 8 i
5 were placed at the same location in the box PES ts
wea of the six stations. The plants were (okey Ce
watered amply after placing them in the expo- od [if fe i
are boses. A recording hygrothermograph was - wo
slo present in each of the six plant exposure
boxes (Fig. 8). The plants exposed the previous leaf was examined and rated for the extent of

24 hours to the change were placed in the air- tissue collapse on the lower side of the leaf. Ten
filtered station wagon for transport back to the classes of damage were provided in the rating.
glasshouseat West Covina. A leaf with no damage received a rating of 0;

The sezond hangs was mad at Station 2s LosME caelin which there vasa tsce to 10% fof the
tags High Schoaly the third change at the (les? ates involved sesehede fatng sf; fom
Fly BuiMing, Station 31 the forth change at (LL 70a 2070 sessed a ratnglef 2: 21% ito
ie Clift Tnstitute of Technology, Station S07 seceived airatingof 3reic, uni the maxi;
47he 6h change at the Los Angeles Insectary | "in wasizeached where 100% ofthe leaf area
«Rivera, Station 8: the Just chamge was made 1Wes involved inltsue coliase, and tha received
Bot Park, Station 9. This eireult was come| & 1288.07 10: Ses was takenof ll ie leaf

led shout 9:30 p.m. PS. ratings within a pot, and an average leaf damage
rating was obtained by dividing by the number

The exposed plants were allowed to remain in of leaves involved in this sum. If a mean value
the glasshouse at West Covina for approximate: for leaf damage was desired for the lation for
ly 48 hours before they were assessed for plant a particular day, the five pot averages were sum:
damage, At the end of this time each individual med and this sum was divided by five.
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EYE IRRITATION MEASURE" 10 as the “station-day-mean.” The standard de
viation and standard error of the mean were

Part of the Acrometric Survey called for a :
measure of eye irritation, which would be as then computed.
nearly correct as possible, and which could be The standard deviation is a measure of the
wed in age amospherie variability between the individuals composing
variables, Eyedirriating elements in smog had y : to
10 he exalusted in this effects on people. Since (he panels the standard ore re
individuals vary greatly in their sensitivity to measure of the variability of the mean val
smog, it was decided to determine measures of the panel. A sample computation is given i
eye irritation for groups rather than for indi Table I. Values of smog sensitivity as repre
viduals. Tt was presupposed that the sources of sented in numbers are shown in Table IL.
variability in individuals could bemade equiva:
lent for a group from one situation to the next
and that the composite effect of the sources of
individual variability would be essentially the
same on all situations. om PTYOR
The minimum size of the panel was ten in- EE a:Era

dividuals, drawn from office and/or factory
workers near all ten of the station sites used for tema———————————Oweta—————
the survey. Investigators visited the site from oe TeotOey Heia
which the panel was drawn, made sure that the Seo Pe rk wk em mh offhJe fbi
office was nol air conditioned, that ventilation ir a
was at least average, and that employee turnover
was not 0o high, All individuals cooperating did sr EL
50 voluntarily; they were chosen on a basis of
conscientiousness, good attendance records, and -—
interest; high sensitivity to smog was not re- REE
quired. i
Eye Irritation Seale I

Tt was decided to use a form of graphic rating amesofiritneo apes oA bo tz eet
scale as shown in Fig. 9. The scale is a line 5% Today ComparedTo Yestrdey.
inches long, on which the rater places a mark 7
10 show the degree of the factor being rated. The » Ss JS
graphic rating is analyzed by measuring the 4 7 s
linear distance from a reference point on the etraEE
line to the rater’s mark. The reference point is —
the lefthand end of the line, the unit of measure: ~~ mow———————
meat is one-tenth of an inch. Pace het isform orong fo yoursgeitn

Individual irritation amounts were averaged (AE TY
arithmetically to obtain the mean irritation for
the entire panel, and the group value is referred

by Philip R. Merrifield and Floyd L. Ruch, De-
PEaryof Ba Gerapran Na FigeD)

fornia. Eye irritation scale
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A COMPUTATIONAL EXAMPLESe
Assume that the scales for the twenty individuals composing this panel hove been measured, ond that
he values listed below represent the distance, in fenths of inches, from the reference point fo the
observer's marks.

Obs. E PST Obs. E PST

01 03 nies £2 n 2 1300 5

02 14 1600 an 12 25 1245 (4a

03 33 1400 («8 13 26 1400 9

04 33 1530 ae 14 34 1400 ao

05 34 1230 (2 15 15 1400 an

06 34 1655 as 16 25 1500 ns)

07 36 1230 3 17 28 1300 6

08 05 sake = 18 35 1200 “on

09 34 1500 0a) 19 26 1300 n

0 38 1425 a3) 20 14 1400 a2

Notes: Erefers in this example to reports of maximum irritation at the fime specified in the next

] column, PST.

The numbers in ( ) to the right of certain of the fimes is the rank order from earliest to latest of the

given times. There were 18 time values reported, so the median will divide these into two groups of

nine fime values each. The median value is taken as the arithmetic mean of the 9th and 19th values,

inthis example. It turns out that both of these are the same, 1400 PST,sothis value is the mediantime.

The 95% confidence interval, for a set of this size, will be bounded by the 5th and 14th cases in

serial order. These values are 1300 and 1500 PST. The 95% confidence interval is thus two hours,

specifically, 1300-1500 PST.

=e =53 “FORMULAS FoR COMPUTATION:

=E
=et= 15245 MEAN Mw=

5228 ax =nze*EEr
To (N-

MEAN= 28.bs NE-(N-1)

Alva
6 = S.4909 Ga
M

freesOF THE MEAN, Su= 2.35
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CHAPTER V—TABLE 11 Phase I Early in the survey investigators de
v : cided to sample smoggy as well as non-smoggy

Number Cueword| Comment, days. Routine reports were made on Tuesday
05 Nome  Ameanvaluc,oranindi. and Friday of cach week, and as conditions
15 Some vidual value of 20.5 may warranted, additional reports were requested.

25 Moderate be interpreted as indicat. Each panel was assigned a time of day to observe
35 Severe ing an amount of imrita: and report irritation. Several panels were em.
35 Wont tion that is greater than ployed at cach station and soon comments were

“some” but less than received from individuals on different panels to
“moderate.” the effect that irritation had been bad the pre-

Table III displays results obtained downtown Yous day when no report was made. Therefore,
Los Angeles for the month of August. Phase II’ was inaugurated.

: i ey Phase II: In this stage more emphasis was
Two Methodsof ReportingEyeIrritation placed on investigating days with apparent irri-

Eye irritation data were collected in wo ation and some method was devised to measure
phases: one, a random sampling of days and a the irritation at its peak. Observers were asked
predetermined time of reporting, and thesecond, to report the greatest amount of irritation ex-
a selected sample of days with individuals re. perienced and the time of day at which this
porting the maximum irritation experienced dur. maximum was noticed, and also whether they
ing the day and the time at which the maximum were indoors or outdoors. The selection of days
irritation occurred. for which to request reports depended on the

Chaps V =~Tavs 111

EYE IRRITATION SURVEY
Downtown Los Angeles, August 1954

Mean Eye Median Standard
Irritation Time Number in Error of
(01-55) PST Panel Mean

wwe | ws wTaw]
vn [ws | ew wan]
aEEen
SateseeSE
Seles Te
Eien es es TEE
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ation forecasts by the Air Pollution Control Relationships developed within each panel
Die. Instructions includedspecificallyreport: may be compared to similar relationships de-
isg maximum irritation “inside and outside.” A veloped by another panel at another station. Cor.
Luitical investigation was made to show the relations between eye irritation and atmospheric.
lidityofthe hypothesis that there is “no differ- variables, for instance, can be proved or dis.
ace between inside and outside maximum irri- proved inthis fashion. Atthisstageof thesurvey,
taon reports.” Accordingly, “inside” and “out: the comparison between panels of obtained rela:
de” maximum values were pooled without cor- tionships was preferred to the pooling of basic
ection. Maximum irritation is computed in the data in an effort to find relationships applicable
ame way as “station-day-mean” and is called to all stations.
“meanmaximum.” In order to determine the

ime of maximum irritation, a median ofthe re-

ported times was decided on asfurnishingthe SUPPORTING METEOROLOGICAL
bestestimate of the true time of occurrence of
maximum irritation. OBSERVATIONS

Expert Panel Inversion Height
As a contrast with the regular panels com- Inversion height data were determined from

posed of people at random, one expert panel was radiosonde observations taken at the Long Beach
«lected at California Institute of Technology Municipal Airportby the Air Force AirWeather
composed of Dr. A. J. Haagen-Smit and his co- Service detachment. Observations were made
workers. A comparison of mean values reported four times daily: 1:00 am, 7:00 am, 1:00
by this panel with those reported by a lay pm. 7:00 pm., PST. The radiosonde consists
panel on the campus of California Institute of essentially of an aneroid barometer,a resistance
Technology shows that the expert panel reported thermometer, and a hygrometer controlling the
ans of about 5 units less. This is possibly due audio signal sent outby a radio transmilter. The
tothe fact that the experts had a higher criterion radiosonde is carried aloft by means of a free
for eye irritation since they were familiar with balloon. The ground station receives radio sig-
odors and irritants. Variability of the expert nals representingthe temperature, humidity, and
panel was comparable to the other panels, and pressure at the various levels of the atmosphere
reliability was estimated as 0.66 during a period through which the radiosonde passes.
when the variability of the daily means was rela- LeFelon Radiation

Continuous radiation records were obtained
Using Eye Irritation Measures using Eppley pyrheliometers at the U.S. Weather

Ttwas presupposed that each panel represented Bureau—Los Angeles City Office, US. Weather
+ rndom sample of the same people-in-general  bureau—Airport Station, University of Cali-population, that one panel was equivalent to the {oid at Riverside, University of California atnext panel in reporting mean values of irritation, 10% Angeles, and Mt. Wilson.
and that therefore it was possible to infer a dif- Total direct solar radiation and “sky” radia-ferent level of stimulus from different mean tion, ie. the shortwave radiation scattered to-values of irritation thus reported. However, this ward the ground by the atmosphere, were re-presupposition seems somewhat questionable and corded continuously by the Eppley pyrheliome-
an be tested in order to obtain a correction ter. The radiation falls on two concentric silver
factor. Uniil this is done, the data from different rings, of which one is painted with lamp black topanels should not be pooled. absorb most of the radiation and the ther (outer
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cold ring) is coated with magnesium oxide to OPERATIONS
form a reflecting surface. The difference in tem-
perature between these two surfaces is measured Measurement Schedule

by thermocouples which are in thermal contact 1. The survey got underway on July 30 when

Eveonael with the blackened and the whitened an oxidant recorder was put ino operation at
re ute clociclly malted from the il. Station 3. As instruments became available and
aor50 thermocouple uneions form ations wre readied, the recorders were put nio

the thermopile, The whole thermoplefs mounted. operation so that all were going by August 6,
I Sreeechlave yal Sia wids + Toegh at Amuse where work siasted on August

aestot ton tesa Abarioe han 10: Exon for conasionsl hresisionsy and tron
re 08 tens is rriiedily teiglase,  assiths oxidant recordets were operSing Soy
Ereoa, nual wil the ni of the survey November

) 3 30, 1954. The Ralph M. Parsons Company, Re-
tivityofabout2 millivolts per gram calorie perCLR search and Development Division, Pasadena,
pp ons California, was given a contract to operate these

- recorders.

ru Veta) 2. The sampling program for oxides of ni-
trogen got under way on a seven-day week as

Surface wind speed and directions were ob follows: |
<erved hourly at bout fifty-five stations through- J

wy Sution3 8:00am. August?
types of anemometers and wind vanes were used ed eae epAun8
in making these measurements. The stations in- hee ne
cluded the Weather Bureau, Air Force, Navy, Sih gs
and Marine stations, as well as equipment ope. Samples of air were obtained every three hours

vated by public and private wily companies around the clock for each station until about
and vations industrial poncerrs. Thave dat were September 30. Starting about October 1, hourly

abtained, and eoordinated by the Los Angeles Stmpleswere obtained as follows:
Couny Air Polluion Control District and made Station Time of Samples Dates

available to the Foundation. T 6:00 am 1:00 pm. 10/1/54-11/30/54
3 6:00am-1:00 p.m. 10/4/54-11/30/54

Temperature and Relative Humidity 4 6:00 am-1:00 p.m. 10/2/54-11/30/54

te of mete fey sone 5) SDsnr, MUSTILS
perature and relative humidity were recorded The operation and laboratory analyses were
continuously by means of a hygrothermograph done under contract with the A. L. Chaney Lab-
in the plant test chamber, A hairtype hygro- oratories, Glendale, California.
clement and a Bourdontype thermoclement 3 4nd 4. Hydrocarb

; mae .and 4. Hydrocarbon and carbon monoxide
ipens which plotted the relative humidity 1neasurements were started on August 2 at Sta:

mperature traces on a chart. The chart was tions 3 and 4, Samples of freeze-out hydrocar-
mounted an a cylinder which revolved once a bons were obtained on an hourly basis at Station
week. In addition, temperature and hunidity 3and Station, five daysaweek. On October21,
records were available from the three Weather sampling was initiated for six days a week,
Bureau saons in the Basin and several other Thursday through Tuesday, omitting Wednes:
stations including those of the military. day. At each station six samples were collected
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STATION 12— SANTA BARBARA
Curren V —Fic, 100

on an hourly basis from 6:30 a.m. at Station 3, alignment and calibration, useful data were not

and at Station 4 from 10:30 a.m. until 4:30 p.m. obtained until September 10, 1954. Fromthat

As for oxides of nitrogen additional samples date on, all four stations were operating continu:
were obtained at selected low inversion periods. ously 24 hours a day until November 30, 1954,

5. Sampling for aldehyde analyses was not under contract with The Ralph M. Parsons Com

started until September 21 at Stations 3 and 4. Pany-
Hourly samples were obtained on the same 10. The plant test chambers were put at Sta:
schedule as hydrocarbons. The above three op- tions 2, 3, 4, 6, 8, 9, August 4 and starting on
erations were done under contract with the Trues: August 5 pinto bean plants were put out almost
dail Laboratories, Los Angeles, California. every day until November 30. This operation

6. The AISI automatic smoke filter equip- was done by means of aresearch grant to the

ment for particulate sampling was put into op- University of California, Riverside.

EE Sopot 11. Eye irritation panels were set up during
les were obtained continuously to November gj, and’ August, and initial reports were sul

30, 1954. This was also done at Station 4, Aw: jied from August 10 to August 31 for two or

gustiZtoNorember 30,1957, three days a week until the last week of Novem
7. The Staplex high volume particulate sam- ber. During August and September surveys were

plers were put into operation at Stations 3and 4 run Tuesdays and Fridays plus usually one other

on August 9 and 10, and 24-hour samples were day if smog was forecast; no data are available
obtained seven daysa week uniil November 30, for Saturdays and Sundays. During November
1954. The operation of the AISI and Staples surveys were run only on the basis of a smog
were under contract with The Kettering Labora forecast by the Los Angeles County Air Pollu-
tory, University of Cincinnati, Cincinnati, Ohio. tion Control District.

8. The sulfur dioxide recorder was operated 12. Radiosomde observations sre imadefall
continuously from September4 to November 30 year by the U. S. Air Force at Long Beach; there-
at Station 3, under contract with The Ralph M. fore data for obtaining inversion characteristics.

Parsons Company. were available for the entire period of the Aero:

9. The transmissometers were sel in place metric Survey except for a few days late in Sep
during August, but because of difficulties of tember when helium supply was exhausted.
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ae a, Preliminary Data
Nees HH Ce BS

£ He Te oll bei :rananms) H EEE project is stil being processed to determine av-
HERES me hee ee em erage, correlations of various measurements,mncomm Ee ves maxima and minima, and other manipulations.

Ciapren V - Fic. 1a To indicate the type of dataassembled, examples
of some of the measurements are described be-

FEEEE Tow.HH T= mmsA To FEE 1. Oxidant. Tn Fig. 10 (a, b, c) there are
EH HAH HH three curves showing the daily values of oxidantHo FES 5 +Er ¥ EE concentration vs. time for the Pasadena, Wil-
EEL LLL shire, and Santa Barbara stations. The particular
cont Tt mee Sar rot dates are indicated. In Fig. 11 (a, b, c) there

Cuapran V — Frc. 11b appear three curves showing the average oxidant
value for the month of September for the Venice,

“TEE EREEEEEEEES downtown, and Azusa stations. All of these
(HE Bes Emm curves show the previously reported daily change
HHH Hete in oxidant, with maxima sppearing between
CET amano
EmrHHEHEHE
cntm rnor SEE

0Cauarren V = Fic. 11e EEEPEE ESTEEEoeTN13. Solar radiation measurements are made  SLTTTITTT ITTFIIIT
all year at the Weather Bureau City Office and i
Airport Stations, and at the University of Cali- ES
fomia at Riverside. The UCLA station was under
way before August 1 on an all-year operation. iEaarzeaty=Fic. 12a
The Mt. Wilson station was put into operation.
November5 and was discontinued November 30. gl TTTTTTTTTTTTTTT]i. Vid vit a deen domsgeob. SPEECHEEE
wind all year and therefore were available to NEHAHHT
the Foundation for the period of the survey HELENEH
through the Los Angeles County Air Pollution A +Control District, 00 0OaOO
4) RCI 7ALE 1015. Temperature and relative humidity wor vo

measurements taken by hygrothermographs were OXotS of NTHOGHN CONCATONVit=O 31.134
put inlo operation in the plant test chambers on ANC SENT,5AerAugust 5 as part of the plant study with the
University of California, Riverside. Caarren V-Fic. 125
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PARTICULATE MATTER IN THE ATMOSPHERE (IN COH UNITS) September 1954

CuapTer V - Fic. 14b
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Measurements Aloft
Rare iia To study the dispersion of the contaminants at

ERE Ea eran ey ove sever. of ts foe]
stations, arrangements were made with the U. S.

[mw[wwe] Navy Reserve Training Unit at Santa Ana and
CoE ToT Fo Tor] alo with the Goodyear Aircraft Corporation to

make a number of air sampling flights with a
sume san blimp. Thirteen flights were made in the Navy

FTE Blimp and two flights were made in the Goodyear
Hi [as [elon] lime comin of de S. Navy and
= er the Goodyear Aircraft Corporation is highly ap-

preciated.

SY Sampleswere taken as nearly as possible over
[Tom[=T=Tar To] cxving ound sions, The pate followed

[©T= | was to ask the pilot of the blimp to execute a
BR tight turn for a period of several minutes at on

udes (a) as lowas possible, (b) at 1,000 feet,
= Llre
= Certain limitations of the blimp Teeny a

Ce arent. It was not possible to hover ata fixe
Lo ESTE] feinbt tend i mas necessary to cil in

order to obtain an adequate volume of air fora

Carrer V-Fic. 15 sample. Furthermore, due to the manner in which

5. Analysis of particulate matter. el TTI TTT TT

ives data for the analysis of the particulate

ar lta ans bars Wiis Spies THTHV
sampler for September 24, 1954. A total of il] [1 MI
60,300 cubic feet of air was sampled on this} CECECEC EEE
particular day, and the total particulate matter §.| IEin fl
collected was 4.15 grams or 534 micrograms per ENNANNANSt reisSenmer timer {IIA | Tepe)

6. In Fig. 16 there are data obtained from mete eeeSerms
the transmissometers at the Federal Di

November 15, 1954 and at Pasadena on Sep-

tember 10, 1954. i I
7. Fig. 17 shows plant damage data for the [1] [1] [1] TT LL

months of August and September at Station 9 O/Tmi NAL ]
8. Fig.18 git veirritation datafor theSleimrese| LT TR TT RHEE

Station4,Pasadena. ro ede
9. Fig. 19 is a plot of the height of the base Ri

of the inversion layeras measured by radiosonde
| at Long Beach for each day of October, 1954. Cinrren V— Fic. 16
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Je blimp was ballasted, it was usually not pos- tached to the blimp electrical system was used to
ito tain altitudes very much above 3,000 drive an air pump which drew air through an
Tetwilout valving helium. ASTM. sulfur absorber. This absorber con:

| “Oidant determinations were made by sam- tained a measured quantity of potassium fodide
| igair over a period of six minutes while the solution, which was placed in the serubber just

Ling was circling. A special 24-volt motor at- before sampling. Air was drawn through dry
me §

10s
wr
ssa mzaa

»" rr | || an
Radiosonds Observations

=|] ‘at Long Beach Airport I |

A fi

I 1

“ A A
TTI 6 7 8 SON EM Vy ona RaneyRN

Time doy ~0100,0700,1300, 190051
INVERSION HEIGHT VS. TIME—October 1954

Cuapter V-Fic. 19

| 6



Ry n

test meter at the rate of five liters per minute for sample was measured colorimetrically, using the
about six minutes. reagent from a second scrubber as a blank. Re

Vetmediidly Following sampling, ie sefuon. |Full we Suluulated in paris per acid mil
was removed from the scrubbers and placed in 110" ©f ozone:
small bottles which were shielded from light. As Oxides of nitrogen samples were taken at the
soon as possible, the iodine concentration in the same time as the oxidant samples with an evacu-

pe SUMP FIGHT OVER DOWNTOWN September8, 1954

EE0 3 =|

CC1Tl
\, ~~

1500 N IS

=n ~~JSoe
on ? I~

ps ==

YO5 0 Er 2 «

pe BUMP FLIGHT OVER DOWNTOWN_ Soplamber23, 1754

FOL REso soom

FLT= 1T71pe i

Fr=TTNLT0

FE Tr10 <]

ETOE
IEMh LR [T=
o So 3

Caarter V-Fic. 20 22 = o
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sed flask fied with a serum stopper. In the concentration, showing hourly average vs. time
fask was placed a measured amount of 0.05 of day, together with range of maximum values
pormal sodium hydroxide solution.The flask was for each hour.
held out of the window of the blimp gondola 4. Daily curves of oxides of nitrogen (as
wiilea hypodermic needle was plunged through NO) concentration vs. time of day for each
the stopper. After one minute the needle was station.

vilhdrawn. This experiment was repeated and 5. Monthly average curves for oxides of ni-
the flasks were returned to the laboratory for trogen (as NO.)concentration.
analysis. The Griess-Tlosvay procedure was used 6. Daily curves of hydrocarbon (as hexane)
forthe determination of nitrogen dioxide essen: concentration vs. time of day for each station.
tially asdescribed above. 7. Monthly average curves for hydrocarbon
Temperature and humidity determinations (as hexane) concentration.

were also made with an acrometerograph at the 8. Daily curves of carbon monoxide concen-
same time as the chemical samples were being tration vs. time of day for each station.

taken. 9. Monthly average curves for carbon mon-
Plots are being made for each flight, showing oxide concentration.

variation in concentration of oxidant, oxides of 10. Monthly bar graphs of mean seventy of
nitrogen, and temperature with altitude. An ex- injury o test plants vs. day of the month.
ample of the data obtained for two flights ap- 11. Monthly bar graphs of mean or maxi-
pearsin Fig. 20. mum eye irritation vs. day of the month.

12. Daily curves of Coh units v. time of day
DATA REDUCTION for cach station. A

; 13. Daily curves of ratio of carbon monori
oy Setup and Tabulations y to hydrocarbon concentration vs. time of day.

arly in the setup of the Aerometric Survey In addition to these plots, Stanford Research
itwas realized that an enormous amount of data Institute completed tables of all data which were
would be developed in the measurement pro- printed directly from the IBM cards.
gram. Therefore, it was necessary to use modern
methods of data handling in order to cope with ANALYSES
manipulations required for the projected an-
alyses and correlations of these data. A contract Hypotheses
was made with Stanford Research Institute, Palo The following hypotheses were set up in Oc-
Al, to handle not only the data reduction but tober and forwarded to Stanford Research In-
also the processing of the information on IBM stitute for formulating the corresponding statis-
cards. Stanford Research Institute, in turn, sub. tical hypothesesand pertinent tests:
contracted for the use of IBM equipment with 1 Plant damage increases as 2¢hour inte-
the Department of Mathematics at Stanford Uni- grated ovidant increases.
versity. 2. Plant damage increases as 2+hour inte:
Plots and Graphs grated oxidant increases where these inte-
ts grations are performed above each of the
_ais sd the four-months survey levels 5, 10, 15, and 20 pphm oxidant.

1. Daily ou ai Se 5 3. Plant damage increases as 24-hour inte
osi ns nw oxidant concentration vs. grated oxidant increases for each of two

ine din for cach day. groups of data; these groups being defined
tos event fous (24) hour integration of ork as (a) those with high value of the product

ntration for each day for each station. of temperature and relative humidity, end
3. Monthly curves for each station of oxidant (b) those with low value.
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4. Plant damage increases as average value then broken down into six (6) equal groups
of NO, concentrations for the day increases. Thus there will be six groups of equal iz

5. Plan damage increases as average value each containing all the valuesof A inacer

of aldehyde concentrations for the day in- tain range.
creases. The average value of A and the SA" (A

6. Plant damage increases as eye irritation in- being the difference between A and the aver:

creases. age value of A) will be computed foreach
iene ssibil group. The average value of the variableB

7: Mn damagessee IY Sa the A il be kev compl
8. Twenty-fourhour integrated oxidant at Sta- each group. 4

{ions 3 and 4 increases as total solar radia. 2. Least Squares Fit. i
tion increases (pyrheliometer data taken at Variable A will be expressed as a fume =
U.S. Weather Bureau City Office). tion of B in the form: )

9. Twenty-four hour integrated oxidant in- A=a+bB+ cB: 3 y

creases as inversion height at 7:00 am. The coefficients will be computedsoasto |

decreases. give the least squares fit with the expert:
10. Same as (9) except inversion height at mental data. i

1:00 pan. The SA? will be computed whereA isthe
11. Eye irritation increases as oxidant value at difference between the experimental A aad:

timeof irittion increases. the corresponding A on the least squares |

12. Eye irritation increases as oxidant value in- curve. Tntermedial results such as JB,3,

creases above a certain value (try 10, 20 3B, SAB, etc., will also be listed.

ppm). 3. Analysis: ¥

13. Eye irritation increases as average value of The results of A and B will be analyzed
aldehyde concentration increases. for possible correlations. Where significant

14. Eyeimitation increases as averagevalue of correlation is found, scatter diagrams wil
hydrocarbon concentration increases. be drawn and the correlation will be ex

15. Eye irritation increases as average value of pressed in its most meaningful form.
nitrogen oxide concentration increases. . ,

Nive aim thai ss Ch valine Ped Flin . m
creases. Below is a list of the pairs of variables ol

17. Eye inctaion increases as visibility de. correlated:

2 orga Variable A VariableB

- Eyeiron,increases as (oll OGM ply Damage  24-hr. Oxidant Integration.
19. Eye tation increases as total mass cone T1200 Fa 7 oe )

: Sy ant Dama phn)
centration of particulates increases. Pent Dares « {shove 15 ppha)

Correlations Plant Damage “(above20ppbm)
During November, Stanford Research Tnsti- Plant Damage NO. (daily average)

tute proposed the following method to determine Plant Damage HC (daily average)
the degree of correlation between the various Plant Damage Aldehyde (daily average)
pairs of variables: Plant Damage Eye Irritation
1. Breakdownby Groups. Plant Damage Visibility(6:00 a.m. to 6:00

Variable A will be sorted by value and p.m. average)

66



| Bye raion Oxidant jos 1iia) . organics from particulate sampler;nor i
| Delrin Out ove10) vii
in possible correlation with instantaneous oxi-
Son ato 0. Po dant, anda stronger correlation with hourl
Bre Iain BC nly verse) particulate in Coh units and 24-hour jd
ro peed oxidants when integrated above 10,

Eye Irritation Total organics (24-hr. sample) SlPeli odin 3. Plan damage shows no correlation vith ee
irritation.

Allofthe abovepai i iove pairsare obe studied using: foriet
1. Total dat. gag‘or the inter] ionof the chemical

2. Data corresponding to a product of tem. and thea:of in
perature and relative humidity d it is desi alpnnd line id ge Jane i desirable 0 be abl to tel where

fon valu. e air sampled at the various station

psnan lin had es cvmputsdo ejioren of the ie reching the
in various Aeromelric Survey stations for certa
ner Tours of interest, A toal of LLOOD trajectories

CC : were planned, of which only about 3%
| friable A Variable B be computed for the explanati fezs be camped To the explanation of the dt a

Viti La various station throughout the survey. How:
Oita Tur) Soe Rudo ever,the amountofwork involved precluded the
ee computationof a larger numberof trajectories. |

< 7:00 am. ‘The basis fc i Jectorla 0 am. ie basis for selection of the trajectories to
(2th Te) nro Height computed was principally he pas Sri |

: 00 pm. for which the highest values of pollution were
StrepSeeshes BR a leserias ess Girly

| analysed data for August and September ied eu Ves iy pony oF Uh he
| Sis ery ston: ore ot tmce Sey ney perecTtaiESSpansein amount of pollution which was recorded.

1. ignilPlt ge sor 1 fnols The procedure of computing trajectories con-
| in i nents of iain 30 of plotting the wind observations for the

oxides of nitrogen; integrated oxidant; approximately fifty wind stations i
maximum oxidant; nor with concentrations hou amlm tees wil cme boul mags ring neo naan eed ou
oFtons, een of sige aoe hee mag ed sieon Une prs
sid atoe of marin oxfiot, the destin of fv avr the aes, and nally
6:00 pm); nor vith viability at time of oq re sushi Nirily aps’ is ti)
ift pois le which an air parcel reaching a station would
ion with average. aldehyd ton 11 Lave EH i iVL er ih cami Govfmf ex bres primo rial |

2. Mean eye iritation shows no i :: 0 o Te

TE ;ils cain of ave « necessary maps have been plot
nitrogen; aldehydes; total about one-fourth of them have been pre |

&



VI. GENERAL STATISTICAL DATA

OF THE

LOS ANGELES BASIN'

;

INTRODUCTION sent an area of 1,629.7 square miles or 334%
of the total area (4,870.5 square miles) of Los

THIS study of stitial data of the Los An Angeles and Orange Counties. i:
geles Basin in relation to the smog problem [

was made for the Air Pollution Foundation by
Mr. Neil Goedhard while associated vith the POPULATION 1930 - 1960
School of Public Administration of the Univer- The increase in population in the Los Angeles
sity of Souther California. Mr. Neil Goedhard Basin is of primary importance in understanding
is now City Manager of Covina, California. A the development of air pollution in southern Cale
summary of this report follows. ifornia. This research has shown that the Basin's

population is essentially that of Los Angeles and
AREA Orange Counties combined. Only 33.4% of the

Early in its work on statistical data of the Los area of these two Counties is situated in the
Angeles Basin, the Foundation decided upon the Basin, yet 97.6% of the people in these two
meteorological approach as the most logical and Counties live in the Basin. The percentage in
ienific premise upon which to build a defini. crease of population in the Basin between 1930)
tion of the area of the Basin. The natural boun. 3nd 1954 showsa startling picture:
daries, such as the ocean and mountain ranges :
which hinder the unobstructed dispersal of ele. Yer [Populstion Terese
ments in the air, were used to define the area; 1930 2,280,630
this area was then further broken down follow. 1940 2,859,258 25%
ing statistical and/or political boundaries. Thus 1950 4,275,395 49% since 1940)
three basic regions were defined as shown in 1954 5,028,367 769%since1940
Fig. 1:

; Based on these figures, a 1960 population esti
i Ne Ssen mate was developed showing a low figure of

. Orange County Region 5,791,000 and a high figure of 6,191,000forthe
2. San Fernando Valley Region parts of Los Angeles and Orange Counties situ:
3. San Gabriel Valley Region ated in the Los Angeles Basin. This study is

The portions of Los Angeles and Orange Coun» Widely documented and includes detailed sta
ties included in ths definition of the Basin repre. tistics such as per cent increase and numerical

increase of the population in the Basin, in each
“in preparation as Report No, 6 of the Air Pollution’ county, and further in each statistical area or

Foundation. township.
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NOASOLINE&DIESPL FUEL eg ofpou.BsaprgreAster oF95.6% for althe people of Los Angeles and
a Orange Counties living in the Basin, prorated

The concentration of motor vehicles in the Los statistics for motor vehicles registered in the
Angeles Basin and the consumption of gasoline Basin are given in the table below:

| OyERE ST NE eT 7
pri)Nap 2

2} GraalTR ks gl an
esp EE a NE ere

deal PRE Tee,
py; TR Ue er ls dm

% le Eee TE eeMoe SCEaA a nn”SRE leSCNT aeARNEEOS
2 EAE El fe Gleb
NE CEA TeAE le
A=iE Fada 58 2 TOS oh |CLES Ho + PRs
= ] A ; Heeb To

aETra EERELS ee NSoR EEx SER IN
Tom le NEE rs

METROPOLITAN FR) i
LOS ANGELES. Ed rt

Crasmen WiSFin1
Regions of the Los Angeles BasinCI nL

69



Motor Vehicle Registration in Los Angeles Basin The above statistics show an upward surge in
——————————————— {he use of diesel fuel far greater percentagewite

Be Aled Automobiles ian the increase in gasoline consumption; but
0 Sw sooo sag itis nevertheless quite apparent that in terms of
IX J%w0  aMsoeo soz total fuel used, the amount of diesel fuel con
lob 2om00 265700 858 sumed by motor vehicles is small compared to
tod from 1951058 nese. the tremendous consumption of gasoline in the

Los Angeles Basin.
In developing figures for the consumption of

aomotveJf, centin difilies were ex VEHICLE COUNTS IN THE CENTRAL
countered. Records of actual consumption are y
intained by the Califonia State Board of BUSINESS DISTRICT, 1929 - 1950
Equalization only ona state level. Therefore, a In spite of the marked increase in population
different approach had to be devised. In order and motor vehicle registration in the Los Angeles

to arrive at a figure for gasoline consumption Basin, the daily number of vehiclesentering and

in the Basin, three separate computations were leaving the Los Angeles Central Business District
made, based upon (a) the population of Los has been decreasing gradually since 1948. Like:
Angeles and Orange Counties proportional to wise, the number of buses and streetcars enter
that of California, (b) weighing the number of ing and leaving the Los Angeles Central Business
motor vehicle registrations in the counties pro- District between 8:00 a.m. and 11:00 a.m. and
portional to that of California, and (c) total between 3:00 p.m. and 6:00 p.m. has been de-
numberofvehicle registrations in the two Coun- creasing in the same period. This trend would
tes proportional to that of California. Tn ad: conform to the economic decentralization of the
dition, certain figures for gallons of gasoline Central Business District area as shown in a
sold subject to retail sales tax were used for decrease of retail sales downtown and the in:
1950 and 1954. Here then are the figures for crease of retail sales in outlying areas. pr

imated line cor tion in gallons in

FE go mE ori The downtown area, or Los Angeles Central
a i} Business District, is the area bounded by Sunset

i Ei a ya Boulevard on the north, Pico Boulevard on the.
91 703000 1825 south, Figueroa Street on the west, and Los

Eo Nas. HEE Gi Angeles Street on the east. This study analyzed
z i seven 16-hour cordon counts made between 6:00

*Estimated from 1950-1954 increase. am. and 10:00 p.m. by the Automobile Club of
i Southern California, the County of Los Angeles

The same problems were encountered in esti: Regional Planning Commission, and theCityof
mating gallons of diesel fuel consumed. To [ot Angeles Street Trafic Engineering Depart

computations were made: one, by population of ony, between 1929 and 1950 prior to the opens
the two Counties proportional to California, and ine" Hollywood and Harbor Freeways,
two, by truck registrations in the two Counties

i fori Number
ey Hae rh, vid Biche puonable fi

far ByPopulation By Truck Daily Estimate or ean iraon
Regitration Yor mn ome thy

1938 4,257,000 3,571,000 11,000 9 9
BS moN0 Somme mo ont[easts 0 |rgVoi| orm

160 15000000 89000000 BISH0  jo47 |go7a +27.9 (1,320011 +123| +267
*Estimatedfrom 1950-1954increase. 1950 [770,933 — 3.7| 1,719900 +302 +143

7



String in 1948 the California State High. been observed that since the ban on open-dump
way Commision undertook annual traffic count burning has become effective in Los Angeles
at two interactions in the Central Business Dis. County, the Orange County dumps located near
iret. The following conclusions can be. made the Los Angeles County boundary have experi:
from these cen count: the total flow of trafic enced a noticeable increase in daily volume of
a sailed fell ata level comparable to that combustibles.
of 19981650, although decreasingat low ate. 97, Oz sty of combats FTN dere:
Estimates of traf lowing slong, the Treeways cal bythe Los Angeles Basin indicates that varishow an unparalleled increase in the total num. ous types of colleaion service are provided for
ber of vehicles passing through the business residential and commercial establishments indintit, therchy contributing 10 air pollution in est of sho 46 cities in Los Angelea Countys the
this area. Due to the progress of freeway con- City of Los Angeles being one of the few ex-
struction around the Central Business District, ceptions. In Orange County, at least 8 of the 13.
no 16hour cordon counts were taken by the Cities provide collection service. In the unincor-
City of Los Angeles after 1950. However, 8 porated areas of Los Angeles County combustible
count has been scheduled for 1955. Yefuse is collected from all residential and most

commercial csablishments; no such service. is
INCINERATORS AND RUBBISH provided in the unincorporated areas of Orange

DISPOSAL County, thanLos Th sergeant re

Very fow accurate facts and records were 3uency and scopeof collection are subject to thefo . © desire of the chizens. Concerning the quanti
avaiable to determine (1) the mamber of es CE 00 LLCO ie erent Reporter
oe atnt vg Were studied, all of which arrive at a fairly
amount of open burning, and (3) the extent to JL. er capita figure of 1.10 Tbs, 1.54 The,
which combustiblerubbishis collected and dis- 11% 6 Ihe. of combustible refuse collected por
peed Bt day from residential and commercial establish-

(1) The following numbers of dwelling units ments. It should be remembered here that these
are indicated for Los Angeles and Orange Coun- figures do not represent all combustible refuse
tis produced; if no backyard burning were to take.
oonae 1750 Comm aon Place, the Rawn report catimates that per capita

i550. 1521849 (1950 Censuspa production of combustible refuse would be 2
105400000 (cnimatedbyLoo Angeles Tb. At present, it fa estimated that the daily

Chamber of Commerce) minimum of combustible refuse burned in the
1960. 252000) | (based on 19501954 freresse) Los Angeles Basin amounts to 4,224,000 lbs.
Assuming one incinerator per dwelling unit, out of an estimated minimum of 10,057,000 Iba.

he shove Bgures would establish a maximum produced: The difference of 6,000,000 lbs. of |
number of backyard incinerators in the Basin. combustible refuse produced but not burned in
The Los Angeles County Air Pollution Control ‘commercial or domestic incinerators is collected;
Diviet estimates on incinerator for 1.3 dwell: an unknown quantity of this amount ia burned
ing units, or 1,500,000 backyard incinerators ypppl

RL pot for Los Angles County» Apel, 1049,
(2) There are no burning dumps in the Los Schneider W. A. “Report on Proposed Pian for Col-

Angeles County portion. of the Basin. Tn the ctionandDispos) of’ Combustible Rubbish in the; fyof Las Angeles” AprilOrangeCountyportion, however, thereare eleven Citing, andl Die
buning dumps. No satistics are available on poss of Refuse in the County Sanitation District of
the tonnage of combustibles burned, but it has Los Angeles County, California,” October, 1950.
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in municipal incinerators and in open burning from the literature were used to round out the

vs information gathered.

Tn general the rubbish disposal study showed Production Losses

5 :orEpi SESS A ol of 359,109 bares per day de BY
study of heentire combustible reise uc from over forty oil fields in the Los As

program in the Basin. geles Basin. Production losses occur durkgfield

i storage, including breathing and fling Tos
REFINERY EMISSIONS’ ead go, and such other losses 8 oe

Tn order to oblain an independent audit of the during separation of bottom sediment and water:

daily hydrocarbon losses from refinery opera: |
iota Fosndafoni enamide? Soutien Kling Losece )
Research Intute to make the necesary ives. In Los Angeles County there are ten Tl

goons. As of March, 1954 tal hydrocarbon 01. refineries representing 93.6% of bs
enfin to he atmosphere Los Angeles Cog 21 14770 bree per doy capac, me
ty was found to be 251 tons per day: this com smaller refineries, representing the other on

pares vith the igure of 224 tons per d Refinery loses consis of evspoticl, Lp,
figure of 224 to per doy Te from gaseline and crude ofl storages Fm

ported by the Western Oil and Gas Association. rators; from pump gland leakages; from vapor

Similarly, olefin loses of amylenes and heavier and liquid lowdown; losses from discharge

were audited to be 16.4 tons per day, which gases in catalytic regeneration units; wie

compares with the 122 tons per day reported by cellaneous losses resulting from leakages fron
the Avociation (Table). valves and fittings, batch treating, sewer BE

holes, ete. In addition, there are losses oe

CHAPTER VI— TABLE 1 fires and resulting non-normal operations LLC
coal EEof crude or &

RESULTING FROM THE PRODUCTION," -€"
aySTIXNARSEING To obtain formation on losses rom S065
LOS ANGELES COUNTY a detailed inventory was compiled rs -

AS OF MARCH, 1954 the type of tank and the materials hance i
fol in ra ol storage tanks at all refiners The cslales
HEL Amiens Hydration tion methods used were those contained in i

es nites "ea pont by the American Petroleum Insite
Production o a 7 lished in November, 1952 and titled “Evapors:

Refining ns i tion Loss of Petroleum from Storage Tanks:

es si £8 Separator losses come mostly from uncovered
164 1 separators, but there is some loss from covered

For the purpose of ths investigation the jn. 22% rough breathing and venting, Tnfluent and

tg wes a oeee ir Sra sls was specified and vit
a ca Hino nessed, and suitable analyses were performed:

tion, refining, and marketing. Field trips were )
made wherever possible and supporting data, OYeF 500 pumps, representing about 75% of
a the gasoline and lighter pump capacity of the
pra Rpt No. oh i Poluton Tferis, vere checked during this audit, The

foundation. ate of pump leakage was determined either by. :

72
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actual timed measurements or visual observa: Olefin Losses
on The percentageof olefins in the hydrocarbonsLosses from vapor and liquid blowdown were going to the atmosphere was estimated by thechecked by inspecting. flares to see whether pilot Scientific Subcommittee of the Committee onbumers were in operation. Also a check was Smoke and Fumes of the Western Oil and Gasmade of units operating under vacuum and of Association on the basis of an average gasolinelowdown facilities to handle emergency vapor composition for 1053 for the Los Angeles area.discharges from relief valves, The result is believed to be close to that obtain-The amount of hydrocarbons discharged from able from a compilation prepared from detailed
fegeneration units of catalytic crackers was de. hydrocarbon analyses of each individual source
tecmined by mass spectrographic analyses of the of olefin loss.flue gases.

Miscellaneous Tosses, such Senis losses, such as leakage fromvalves and fitings, spills during blind changing Much effort has been made by the petroleum
i ts estimated by observation of actual Companies to reduce hydrocarbon i fons |losses during visits and discussions wit The single largest tem at present is the loss from i
ting personnel, es aMath meteors i

acceptable under Rule 56. The next largest item i
Marketing Losses is the vapor loss from crude oil stored in cone

es nelude filling losses from tank cars, OTHE Ibreathjpe > S1iPs and barges, and filling and The refineries are installing mechanical seals |nd ang losses from storage at bulk terminals on pumps, which will further reduce pump |Tne “ne terminals, These losses were esti gland losses; separator loses are being reduced |
Americas “nding to_corclations made by the by futher improvement ninalation. Beyond |apone Petroleum Institute from reported this, the next significant improvement would re-ene Dressute, type and dimensions of tank, sult from the installation of expensive protection !| nd volume throughpar equipment, which would not be self-amortizing. {

I
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VII. PHYSICAL MEASUREMENTS

INTRODUCTION greater specificity, but by their nature they do
| not affect the chemistry of the constituent re-

THE physical measurement program has he actions, nor the consituents themselves, except
| major objectives: (1) exploring of various possibly in the use of the mass spectrometer,

techniques of detection, identification and con- Furthermore, they are more likely to lend them.
centration measurement of the various contami- selves to direct measurements in smog.
nants in smog based on the physical characteris-
tics of these constituents; (2) obtaining physical OZONE
descriptions of the reactions which take place Background
in the atmosphere by suitable laboratory and According to the previous investigations of
field experiments correlated with appropriate Dr, HaagenSmit’ for the Los Angeles County
theories; (3) determining the physical and chem- ~~ Air Pollution Control District, and Stanford Re-
ical characteristics of the aerosols in smog. search Tustirate® for the Westorn OI an 30s
As of the date of this report, only objective Association, ozone is one of the more important

(1) has received attention, although literature ~~ constituents of Los Angeles smog. It has been
surveys were conducted with the entire program detected, identified, and its concentration mea-
in mind. Our review indicated the strong desira. sured by various techniques, namely:

| bility of exploiting spectroscopic techniques to (1) The release of iodine in buffered potas)
a much higher degree than had been attempted sium iodide solution. A continuous recording in-
in the past on smog studies. These techniques strument based on this principle is discussed in
cove ot nly thos involving hecailt 10. ChaperV ofthis report

thefarinfrared absorption, i.e. millimicrons i Br
to 15 microns, but also int the microwave re- (2) Tho oeilaiton of phenclphiheliz (CollSe 2 1) to phenolphthalein (C:oH,,0,) and theion. In the microwave spectrum there are three.)FEIEREOSIC Brothas), SC Te

ible methods of analysis. e okpossi gen peroxide H:0; to develop a standard curve
(a) Absorption spectra for the colorimeter;
(b) Paramagnetic resonance spectra (3) The cracking of bent or stretched rubber

| (c) Nuclear magnetic resonance spectra measuring either depth of crack or time of initial
Mass spectrometry was also considered an ~~ Crecking to give ozone concentration;

important method to be explored further in this (4) The absorption in the ultraviolet by spec-
problem. Finally, modern electronics provides ~~ troscopic means;
techniques for studying physical properties of (5) The response of certain plants to ozone.
aerosols. Physical methods of the above are con: requlting in characteristic damage to upper leaf.
sidered appropriate not only because they po-
tentially are capable of higher sensitivity and see bibliographyatendofchapter.

i
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As a result of the use of these techniques, the strument is under contract with the Borman
status on the ozone identification and concentra: Engineering Company, North Hollywood, Calif,
tion in the summer of 1954 can be summarized The trang wlll avid of 3 prefasoe
as follows: having a G-inch aperture and using a type CH3
The potassium iodide and phenolphthalin  85-watt high pressure mercury lamp; the radia-

methods gave different readings; when sampling tion will be pulsed at 90 cyeles per second by
the same atmosphere the latter method gave a three-bladed shutter;itwill have a prism radi-
higher concentrations. Neither method is specific ometer with an exit collimator 5% inches in
to ozone and both will respond to other “oxi- diameter and20 inches focal length. The prism
dants.” Rubber cracking is not specific to ozone is a Fresnel type assembly of four 60° fuzed
since free radicals give similar behavior and quartz prism elements. The slit subtends 7%
free radicals are possible constituents of smog.  millimicrons at 300millimicrons. A synchronous
The spectroscopic evidence is based on eight motor will drive the wavelength and program
readings in the atmosphere taken in July, 1952". cam. The radiation will be measured by means
OF the cight, four agreed to about 10%, two of a photo multiplier tube and is modified by
agreed to about 307, one agreed to 40%, and transmission through two similar Coming glass
one to zero per cent when compared to the po- filters.

{assium iodide method where nighttime values Significant data for obtaining ozone concen-
were nedoly 0 3 parts I ne tration appear below:
million. ATl of these values were for16 pphm i
or less total oxidant, The difference between the Wavelength | (Relative Ozone

erage values by the two methods was 15%. Mn eo  Enersy Coc
Berne 2 y 265 814 123

An additional bit of spectrographic evidence 205 3385 0
was obtained by Stanford Research Institute’. 315 259 06
However, their methodinvolved concentrating specadic absorption coeficient per cm. of ozone
sone on silica gel and desorbing into an optical gout STP. (Syandard Temperature and bres
cell with only 45% recovery. ec)

The plants exposed to Los Angeles smog did Initial experiments will be conducted at 675
not show characteristic ozone damage, although fy, of optical path from projector to receiver.
the oxidant values to which they were exposed, In order to establish energy at the source, aux-
if they represented mainly ozone, should have iliary measurements will be made at about60ft.
caused it. from the receiver and the projector aperture re-

duced by a diaphragm to simulate the long-range
General Plan ‘geometry. The attenuation of the diaphragm will
With this background, the Foundation decided be measured separately by means of an ultra-

to obtain more definitive data on the presence violet photoelectric photometer which evaluates
and amount of ozone in the Los Angeles atmos- energy at 365 millimicrons. Measurements of
phere. After reviewing the work of Regener, transmitted energy through smogwillberepeated
Stair, W. A. Baum, and O. R. Wulf, the Foun. at 15-minute intervals,day andnight.
dation decided to build an ozone spectrometer
to be used directly on the atmosphere. This in. StS
ee During this reporting period the manufacture

sce rel. (7) in bibliography. and assembly of this instrument reached 75%
see ref, (11) in bibliography. completion. Also, the Foundationmadeacontract
cebibliography at end of chapter. with the Ordnance Department of the U. S.
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Army, Rock Island Arsenal, to provide them (8) Stair, R., Bagg, T. C., and Johnston,R.C.,
ozone dat in exchange for the loan of equip- “Continuous Measurement of Atmospheric
ment built for Ordnance by the Bureau of Stan- Ozone by Automatic Photoelectric Meth-
dards(ref. 8). od,” Journal of Research, Bureau of

Standards, RP 2481, 52, No. 3 (March,
Future Plans 1954)
1 is planned to complete the instrument and~~ (9) Baum, W. A., “Attenuation of the Ultra:

give it an extensive field trial. I wil then be put violet in the Lower Atmosphere,” Cali-
into service during the 1955 smog season and fomia Institute of Technology, Thesis
results will be compared with other measure- (1950)
ments, particularly oxidant, as recorded by the (10) Wulf, 0. R., “Annals of the Astrophys2) ” LOR, 5 physical| potassium iodide and phenolphthalin methods. Oonsvations of Sitterian Tes

7 (1954)
BIBLIOGRAPHY } (11) “The Smog Problem in Los Angeles Coun-

(1) Bradley, C. E. and Haagen Smit, A. J., ty,” Stanford Research Tnstitute, (Jans
“Application of Rubber in Quantitative 1054)
Determination of Ozone,” Rubber Chen:
istry and Technology, 24, 750 (1951) EXPLORATORY STUDIES

(2) HaagenSmit, A. J, “Chemistry and Physi: Solar Spectrometer Analysi
ees of Lostingales SngindiasniaME = Toc emmete ele of Smogll
and_ Engineering Chemistry, 44, 1342 Background

| (1952) Classically, astrophysicists have used spec-
(3) Litman, F. E. and Benolie, R. W., “Con romelry to detect and ideniify the gaseous con-

mious Oxon Recorder,” Anal. Chem, Sunsafthe ears amosphere as wel a
25,1480 (1953 solar and planetary atmospheres. Grating spec-

i eed 3 2d Bowen, 1. G, “On the ometers, particularly, are capable of resolving
gener, V.H. ar en, 1. G., '® the absorption lines of the various constituents,Automatic Chemical Determination of At: {1reby. tomnifyine tom 1

tthete Oras Tort of Georl| ery, Wentitying, therelI rovejysreistcta compounds as methane and nitrous oxide have
A 7 na2 4 =i ) yo beenfoundinhecarsamospher.

gener, V. H., “Direct Spectrographic
Mezsurementsl of Almmespheric Ozops ConRCexerel Flan
centration,” University of New Mexico, The Foundation’s approach to the use of thisty % i
Dept. of Physics, Scientific Report No. 1, analytical technique consisted first of trying
Contract No. AF 19, 122, 381 (June 22, readily available prism spectrometers with the
1954) powerful light source, namely the sun, through-

(6) Regener,V. H, “On the Vertical Disribu. 028 the spectrum of available energy,290milli
tion of Atmospheric Ozone,” University of 1c* he hw i] Se the
New Mexico, Dept. of Physics, Scientific inirared.It was necessary to do this in two partsbecause of equipment differences and availabil-Report No. 2, Contract No. AF 19, 122, +315 ly 14, 1950) ity. The first survey was conducted by Ralph

ps ) Suit” on leave from the National Bureau of
| (7) Regener, V. H, “Atmospheric Ozone in Standards. During the literature search andas a

the Los Angeles Region,” University of result of discussions with the Bureau, it wasas-
New Mexico, Dept. of Physics, Scientific
Report No. 3 (July 22, 1954) “see biblography at end of chapter.
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certained that they had available a Carl Zeiss solar radiant energy which leads to photochemi-
double-prism ormirror monochromator mounted cal reactions in the polluted atmosphere?
ona polar axis and capable of automatically fol: (3) What can be said about the attenuation in
loving th sun or Sold aren of solar: o)iom to acrovol scatering?
radiant energy. Stair, who designed the equip
rn a preyBre Cy Wis nmin, oF Wp =
tion studies of energy from the sun, was avail. hat compounds or types of compounds, are
able to carry out a similar study in Pasadena, Necessary to explain the actual spectral data?
The equipment was set up on top (fourth floor)
of the roof of the West Bridge Laboratory of
Physics of the California Institute of Technol-
ogy by October 1, 1954, and runs were made
every day for about a month. Figs. 1 and 2 :
show the equipment in operation at Pasadena. %)
Thesecond survey was conductedby Professor 4 yf |

D. M. Gates of the University of Deaver. The oF /4 i |
equipment used for this purpose was a Perkin De
Elmer model 12C spectrometer equipped with Ss i) |
rocksalt and also with lithium fluoride optics. In 5, Wah | |
addition,a hliostat was borrowed from the Na [EESREE — |
tional Bureau of Standards to direct the sun's ue NZ Py 2 |
radiation on the slit of the spectrometer. A pho- 0 NT ons oN prot— 2 |
tograph of this equipment appears in Fig. 3. Ob- ©] ; LH
servations of the solar spectrum were made in 1
the infrared region, 2 to 15 microns, on all days |
during November, 1954 when the sun was not |
obscured by clouds. A number of measurements Caeenll=Ti Lavo? i
could be made each day, es only thirty minutes es |
nesitet fn sei en tom Bails California Institute of Technalogy i
Status

Reduction of the original data is in process
and daily curves are being constructed for
analyses at the National Bureau of Standards,
at the University of Denver, and at the Founda-
tion. The spectra will be compared with similar Z |
data obtained at Sacramento; Peak, New Mexi- |
co; Denver, Colorado, and possibly Washington, iD. C. The following questions will be asked of
the data from these experiments:

(1) Do any new absorption bands show up in |
the spectral region covered, namely 290 milli- A.
microns to 15 microns, due to presence of gases ~~ |
or compounds in the lower atmosphere? 1@R v\ |

(2) Is there any evidence of the absorption of
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BIBLIOGRAPHY (6) Maer, 0. C., Goldberg, L., and McMath,
(1) Stair, R., Johnston, R. G., Bagg, T- Cs B, B, “AbandsnesandTempstaturgiof]

“Spectral Distribution of Energy from the en bic
Sun,” Journal of Research, National Bu ae

| rea of Standards, RP 2523, 53, No.2 (7) MeMath, R. R, Pierce, A. R., Mohler,
I (Aug, 1954) 0. C., Goldberg, L, and Donovan, Ry
| vat “NiO Bands in the Solar Spectrum,” Phys.(2) Petit, Edison, “Spectral Energy Curve of Nog ;
| the Sun in the Ultraviolet,” Astrophys, ., Her,78,65 (1950)
J 91,159 (1940) .] Carbon Isotopes in theLos Angel
] (3) Mohler, O. C. Pierce, A. Ko McMath,  Aumosphere® eles
J R. R, Goldberg, L., “Photometric Atlas

of the Near Infrared Solar Spectrum,” Background
McMaih Hulbert Obeervatory of the Uni. The earths carbon cycle has attracted interest

| versity of Michigan (1950) to many branches of science and a variety of
(3) Minecets Mo, Mulders, G. F, Wo and ‘eciniqtes hve bom brought to bear on ia

Houtgast, J., “Photometric Atlas of the ~~ Spudy. These investigations involve photosyn.
Solas Spectrum,” D. Schnabel, Kanapert {losis and respiration by plants, the decay of
i organic matter, the preservation of carbon in the

] . form of coal and oil, and the concentration of
(5) McMath, R. R.,Goldberg,L.,and Mohler, CO, in the atmosphere among other matters

0. C., “Spectroscopic Evidence for Am.
oorLal1% Do EAS ate ere Phe| Toy Samuel Epritey PhDs Proferos oe Censten
Rev, 74, 352 (1948) Sstry, California Institue of Technology.
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which are of well-recognized importance to our a better understanding of these variations with
civilization. In recent years a new tool, the mass respect to the biology and ecology of tree growth
spectrometer, has been successfully adapted to and their possible correlation with variation in
the study of carbon in nature with significant atmospheric COs would be of utmost interest
and relevant results. from a biological and cimalogial point of

Inder ; view. Craig's measurements of the C*/C** ratiosenESJONES ifumlCO:Cigst howeof Urey and his colleagues’,who. showed that Te of 0.25%. In this case the samples werethe thermodynamic properties of chemical com: Soliccted within a week and couldbe markedlyDichertigns affected by the activity of surrounding steel millspounds are dependent to a slight degree upon 4c DY the peiviy
the isotopic composition of the atomic constitu: A ee
ents. This leads to the expectation that processes Recent Work on Carbon Isotopesat
involved in the carbon cycle fractionate the iso- California Institute of Technology
topes, so that carbon from different components During the past year, the Division of Geolog-
of the cycle should be isotopically dissimilar. ical Sciences has pursued a limited study on thetet] variation of the isotopic composition of carbon
ria, Affen years ago Nier and his coy ypyre, To date, principal investigations haveworkers made the firs precise measurements on peer’ ngSCTCFL ood Tn collabthe isotopic composition of carbon from a num: rik HTEEnd Schulman of theber of different natural sources.Theyfound the priori Coc"80 Sppe tory,C/C? ratio in these materials varied by as J,¢'(3/C ratio has been determined for somemuch as 5%. For example, the C%/C* ratio of 550 v,00d samples from two Douglas firs of thecarbon in ofl, coal, and terrestrial plants, al: Nfeiy'Verde region of Colorado and fromaCali-though. different, averaged approximately fumiy cequoia. A mass spectrometer capable of

925%, whereas the ratio in carbonates Was riciiin'cf Leer than (01% has been used inabout 89.2%. The C*/C" ratio in carbon from yb work, and the results are summarized brieflymeteorites, cerain graphites, and carbon dioxide plowof the atmosphere was of intermediate values’. ba dieing alsin es ing mn G0 5a
Recently, interest in carbon isotope research ples by means ofa biological microtome, each

has increased. Craig’, using a modified Nier-type sample representing about a week's growth, andmass spectrometer with a precision 0.01% of analyzing the C/C" ratio of cach sample, athe C*/C" ratio, made a more complete survey progressive and continuous change in the ratio
on the variations of the isotopic composition of with the growing season was found. The C**/C”carbon in nature. He substantially verified and ratio is highest in the first wood deposited inextended Nier's general finding, but in addition spring and tends to decrease progressivelymade an attempt to point out possible causes for through the rest of the ring. The late wood has a€/C* variations, including those found in a C*/C" ratio about 0.1% less than the firstsingle chemical group. For example, he analyzed grown wood. In addition, we have found thatsamples of wood from twenty-two modern trees within a given year the carbon-isotope ratiogrown in widely separated areas geographically changes slightly with the position around the cir-and founda range in C"/C™ ratio of 045%  cumference of the tree trunk. It is clear that(over 20 times the experimental error). A sim: several factors contribute to the variations in theilar range in ratio values was obtained from a isotopic composition of carbon in trees. Amongseries of tree rings in a single sequoia. Clearly, these factors are probably the various aspects ofsi ecological conditions under which the tree grew,sco bibliography at end of chapter. including the isotopic composition of the carbon
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in the atmosphere. Investigations of these factors (2) Preparation of Samples: this would be.
are feasible, and it is hoped that they will be done entirely at California Institute of Tech.
pursued in the near future. nology by means of existing facilities and addi-

On ole ote Inergag resale dbp). Sosslomesisibebuile
is a consistent increase of the C” content in re- Facilities
cent years, Since 1840, the carborisotope ratio The operating equipment and materials neces.
{(G/C) a inecased in the tree 30 fa in sary for hi resarch relisted below

venicanlandon Bebof (1) mss spectrometer which is pow une
nen Tei sistuily ui gn Tony See

enamTian LI ooee
EE imhen of An te dangyneSTae
reAW eaten yolimate The use of this instrument is contingent upon

he im tbs imate, pe official approval of the AEC which provided
rates of photosynthesis, and rates of equilibra- 8 tC FRE i prove
tion with carbonateof the oceans may ultimately ho funds for its construction. Suchispprovallis

aSans mall 1 xsl vith esilorily coriging,
? 2 (2) At least two high vacuum lines, one for
General Plan the combustion of the carbon samples to carbon

From the above it is clear that a thorough in- dioxide, the gas used in the mass spectrometer,
vestigation of the distribution of the isotopes of and the other for separation of carbon dioxide
varbonin the atmosphere isdesirable and of par- from the air samples. The technique for these
Seular importance. in connection with isotope procedures is known and has in part been used
tudies pertaining to marine and terrestrial pho- in our previous work.
tosynthesis, to studies of carbonates, and with (3) Chemicals, glassware, liquid nitrogen,
respect to changes in the atmosphere. Compari- and dry ice constitute the principal expendable

fon of simosgheic amples gathered over the tems usd for his work.
ocean, over mountainous areas, and from indus- Go) To widition, optipged chemical andlind
trial localities similar to the Los Angeles Basin ro

rhe ws ich svailaiielak thellng
ratio in atmospheric carbon dioxide and in the §
air pollutant, the effect of industrial activity, ele- Status

vation, geographic location, and fluctuations in A research grant was made to the California
ther an air currents on these ratios, and the Institute of Technology, Department of Geolog-
fotopic composition of petroleum and plant ical Sciences, by the Air Pollution Foundation
olexials. would be important to geochemistry on December 1, 1954. Training of a laboratory.
re hould be relevant to the smog problem of assistant and recruitment of a postdoctoral fel.
the Los Angeles Basin. Low were involved in getting started; permission

Tin mcqoe, aspen) of the investigation) are Lor the use of the currently operating mets shi)
tn satis Coy erie, SOMES as aligiatl Seom hn ArimaEnergy

tion and isotope analyses of the samples. Completion, 3

(1) Collection of Samples: for collection of Future Plans x

samples existing agencies already engaged in It is planned to obtain samples of COs aswell

Sampling the aie for the pollution research pro- as other carbon-bearing compounds and analyze
gram will be used. In addition, apparatus will them in the mass spectrometer. By the analysis
fave to be prepared for use in locations not dealt. of about one thousand samples definite informa:
withbyagenciesalready in existence. on ig be stained on the Tessiliey of the
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following applications for this technique: ‘well-defined, unique magneticstrength. The ratio.

(1) A method for determining the sources of Of the magnetic moment value to the spin value,
the carbonaceous material in samples of Which is a constant for a given atomic nucleus,
the atmosphere. is called the gyromagnetic ratio for that particu:

(2) A method for tracing the flow of air masses 12% nucleus. The fact that these ratio dier from |
over the Basin wisg COL an the maces 5l0pe to iolope permis separation and identi |
=. % fication according to the scheme of nm spec-

(3) A method for arriving at an index of pol- "roo" 4; Ko
lution by studying the change in isotopic Tt has been demonstrated that a special version
composition of CO. of this new kindof spectroscopy, “High Rol

i tion,” represents a penetrating new method for
(9) A method for studying mixing rates of Gib PRESLICR Sienityinggaseous pollutants in the atmosphere by 4°! SR

measuring the isotopic composition of C0, 4 MEAUIING components 3
throughout the mixing volume and as a The method is completely nondestructive. Ra-
function of time. dio frequency energy of a particular frequency

is applied to the sample, and the atomic nuclei

BIBLIOGRAPHY in that sample respond with a vp of os

i i own. It has been shown that the characterof the
U brsy 2aL.G., Amer. Chem. Soc, 57, ponding signal can be profoundly affected by

Heit the chemical environment in which the atomic
Urey, H. C., J. Chem. Soc, 562 (1947) nuclei producing the signal find themselves. In

Nier, 0. A., Gulbransen, E. A., Amer. Chem. this way valuable information conceming that
Soc, 61, 697 (1939) chemical environment can be obtained without

Murphey, B. F. and Nier, 0. A., Phys. Rev., 57, disturbing the molecular structure in any way.
(1941)

Craig, H., Geochim. et Cosmochim. LTE ee Noid
PT OL. Unter of Chey The ft application of this technique vas

MeKi (125%) made on a freezeout sample of the Los Angeles
ney, C. R., McCrea, J. No Epstein, So qincuctire a follows:

Allen, H. S,, Urey, H. C., Rev. Scientific Instr, y
21,724 (1950) Date of sampling: November 24, 1954.

: Location: downtown Los Angeles, Hall of
Nuclear Magnetic Resonance (unr) Records, fourth floor.

Spectrometer Amount of air sampled: 28,000 liters.
Background. Approximate volume of condensate in capil-

Nuclear magnetic resonance spectroscopy is 1ary tube: 0.030 ml.
based on the fact that the various nuclei of the Duplicate sets of ten Shepherd traps, im-
elements can be separately identified according mersed in liquid oxygen, were connected in par-
10 theirdiffering nuclear gyromagneticconstants. allel to a common manifold air intake and a
Just as there is a certain mass and electric charge manifold outlet. The outlet connections on the
associated with each nucleus, so there is a spin, manifold were made with Tycon tubing to 5/12
or angular momentum, associated with each nu. socket joints which could be connected to the
cleus. Tt has been found that all those nuclei traps. The outlet manifold was connected firs to
whose spins do not have the value zero also a dry test meter and then to a rotary vacuum
possess a magnetic moment—that is, each be- pump. A bleeding device between the pump and
haves as though it were a tiny magnet with a the meter served to regulate the rate of flow.
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AU the end of the sampling period, all traps Fig. 4 is the record of the spectrum as ob-
were evacuated to 50 mm. while still at liquid tained from the high resolution n-m-r spectrom-
oxygen temperature and returned to the labora: eter.
ory The present interpretation of the various re-

The capillary sample cell, submitted by Va- gions in the spectrum follows (Fig. 5).
rian Associates, was sealed to the bottomofa Region, (1)—Protore on aromerioitiogs
Shepherd trap. This trap was then immersed in Rticr (2)protons in olefinic part of hy-
Jiguid oxygen. The outlet was connected 10 a rocarbon—actually attached to doubly bonded
regular trap also immersed in liquid OEEN. carbon stom,
The purpose of this second trap ws to collect Region (3)Protons on first carbon atom in
vapors which might not be condensed in the ap igchainsattached to aromatic rings.
with the capillary. Region (4)—Cyclo paraffins.

Each of the twenty traps was then connected~~ Region (5)—CH groups in saturated hydro-
over an ascarite bridge to the inlet connection of carbons.
the capillary trap. While flushing nitrogen gas Region (6)—CH groups in saturated hydro-
through the complete assembly, the trap was carbons.
warmed up to 80°C to insure complete evap- Fig. 6, made up from known compounds, veri-

oration. fies some of these assignments. All of these
Five liters of nitrogen were used on each trap groups appear to be present in gasolines, al-

over a period of ten minutes. After the contents though in different blends, except the cyclo pa-
of all twenty traps were transferred, the trap at Faffin peak, which may be present in a small
the outlet connection was removed from the enough quantity to be masked by the large CHa
liquid oxygen and its content was also trans- and CHs background from the saturated hydro-
ferred to the capillary trap in the same manner, carbons.

The capillary trap was then evacuated to 50 The condensate appears to contain the major
mm, while still immersed in the liquid oxygen, chemically identifiable groups in proportions
and the stopeocks closed off. The trap was re- Which probably approximate the average of
moved from the liquid oxygen and slowly ~~ most of the major gasoline blends sold in the
brought back to room temperature. At this stage, red. It might be an interesting experiment to
0 liquid was down in the capillary tube; how. make up such a blend with liquid gasoline and
ever, a few droplets were hanging on the inside Compare spectra again.
wall of the Shepherd trap. To condense the va- It certainly seems that the percentage of un-
pors into the capillary, the trap was warmed saturated hydrocarbons in the condensate repre-
while the capillary itself was cooled with a dry sents a very small fraction of the total hydro-
ice bath. This procedure was repeated several carbon in the atmosphere, assuming that the un
times until no more liquid condensed out. saturates get through the ascarite drying agent.

While still immersed in the dry ice, the ca- We believe that the nmr determination rep:
pillary was then sealed off-about one centimeter resents a strong piece of evidence verifying the
below the trap and removed. This sample was suspected existence of unmodified, unburned
then mailed to Varian Associates, Palo Alto, Cali- gasoline in the Los Angeles atmosphere.

Su Future Plans
Status Tt is planned to collect samples during the

Varian Associates analyses of the above sam- next smog season (1955) under different condi
ple were as follows: tions, i.e. night time sample vs. day (irradiated)

8
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sample; eye irritation vs. no eye irritation, elc.,  Paramagnetic Resonance Spectrometer
and subject them to nm analyses in OKder 10 peround
Pali}thehydrocarbon componentsresponsible A few gaseous substances, the most familiar

pay En 2 of which are Oz, NO, NOs, C1,0, and F:0, have
analyzing hydrocarbons from auto exhaust. unpaired electrons in the ground state and hence
Ideally, of course, it would be preferable to have large magnetic moments as compared with
analyze the gaseous smog directly by this method
in order lo get indications of the various hydro: iGo, W., Smith, W. V., Trambarulo, W. F., Mi.
gen-bearing intermediate reaction and oxidation crouave Specirascopy, John Wiley & Sons, Tne, N.Y.
products. (1959).
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those of most molecules which havea'S ground the chemistry of the experiment and Varian
State. These paramagnetic gases have large Zee- Associates will analyze the gas mixture for the
man effects; also, when there is a nucleus with presence of free radicals.

15 0, they have large magnetic hyperfine struc- A paramagnetic resonance spectrograph along
res. the lines of the general principle described has
One of the simplest ways to study paramag- been assembled at Varian. Preliminary runs

netic gases in the microwave region is to observe using strongly paramagnetic gas NO; will be
transitions between Zeeman components of a run to test out the apparatus and procedure.
given rotational state. This type of observation ~~ When successful, the free radical experiments
is analogous to paramagnetic resonance and mu- will be run.
clear magnetic resonance commonly observed in fre pig,
TR A Aelia ony a foe Kian ts sor. : 3 oe as ] ”
quired to bring the resonance frequency of a It 1s Planned to give some atiention to the
freeclectron spin nt. the microwave. xegion,  [easibilit of developing an instrument for mea:
One can conveniently leave the microwave oscil. 07ing NO: and NO concentrations in air mixDr reameney Ted snd “ep the absorp. UrE8 Using a paramagnetic resonance spectro
tion line to the desired frequency of observation ~~ Meer
by varying the magnetic field. Hyperfine struc- [one Path Infrared ET

A ts Gor tr ais Lous Bath Lute Asoceios Call
turbations of the “Zeeman lines.” The strong This study applied a PerkinElmer infrared
fields, which must be employed, break down weak Spectrometer with a 10-meter multiple reflection
magnetic couplings so that the simple theory of cell, capable of being pressurized to 10 atmos.
the Paschen-Back effect is often adequate for  Pheres, to direct studies on the atmosphere to
interpretation of the perturbations. Nevertheless, determine unusual components for the concen
the resulting spectrum is frequently complex be- trations of known components. This procedure
causeof thelarge numberof interactions usually ~~ may offer advantages in the identification and
EE determination of gescous components as com-
Sifu tho stadt of paramagnetic resongnrolu Ric, V1 irspping procedasos,

spectra of gases has been concentrated at Yale, The first phase of this project required the
with the experimental side developed by Ber. election and modification of a suitableair com-
inger and Castle’, and the theoretical aspects ~~ Pressor which could introduce a minimum con:
treated by Margenau and Henry, Three of the amination into the sample. The unit selected
more common paramagnetic gases, Oz, NO, and Was a three-stage Comelius compressor which
NO,, have been investigated. Although there as modified to operation at 1/10 its designed
are only a few more substances of this type to Speed and was lubricated with silicone oil in-
be studied, the possible application of the ex. Stead of hydrocarbon oil. When a silicone is
perimental method and the theory to gaseons used for lubrication, it is preferable that either
Free radicals or ons makes the subject poten. OF both surfaces be of nonferrous material. Ac-
tially of wide fnterest. cordingly, brass liners were introduced in the
etl cylinders, and the cylinders rebored and re-

polished to take these liners. This compressor
An attempt will be made to deiect and sub- {4 now operating satisfactorlty z now. ing satisfactorily.

sequently identify free radicals formed in an AN
irradiated mixtureofhydrocarbon and air. Stan- The second phase of this project will be the
ford Research Institute at Palo Alto will provide developmentof a means for removal of excessfi: carbon dioxide and water from atmospheric

“Beringer and Castle, Phys, Rev, 78, 561 (1950). samples with the least amount of change in the.
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original composition of the sample. This phase General Plan
of the project is now in progress. In the microwave spectroscope, the gas under

study is confined in a section of wave guide or
COLLABORATIVE STUDIES in a resonant cavity at reduced pressure, and

Microwave Absorption Spectroscopy microwave power is passed through the gas
Batre sample to determine its propagation characterackgrouns ioistics. Tools used are Klystrons, crystal detectors,

The normal atmosphere is transparent to radio cavities, etc. The gases of interest in a smog
waves from the longest waves of about 15,000 study would be studied in the microwave spectro-
meters down to waves approximately 3 cm. in scope. Resolution in the spectroscope is better
length (corresponding to a frequency of 10,000 than in the optical region by a factor of 10,000.
megacycles). Nitrogen, hydrogen, and carbon Ozone, the aldehydes, and oxides of nitrogen
dioxide do not absorb any radio frequency ~ may be of particular interest in the present
waves. However, if one goes to shorter wave Study. Whether it would be desirable to jrrad-
lengths (higher frequencies) the atmosphere be. iate @ sample of gas with ultraviolet light is open
comes highly absorbing, water vapor absorbing 10 question, but the method of handlingasample
1137 cm, (22,35 me.) nd oxygen absorbing oud permit such techniques to be employed,
6mm. (50,000 me.) Radar equipment works 1 Feld studies indicate tht the incidence o
succesfully for long urge purposes at 82 em, “NEL on gases fi the inversion layer Pas a
(3900 50, Wille mpeonts wat for wack a | cesoLabl feet jon wierowsvey prereset
8 mm. (38,000fi ” i Ni Tors, through the layer. In this portion of the study :
de maa). sampleswouldbe colliod from he stmosphers
vapor etn is accomplished between the wer yon smog occurs and the microwave spectr-rand oxygen absorption bands. Tn addition, scone would be used in analysis.
more than 100 gases such as formaldehyde, the.
alcohols, sulfur dioxide, and others absorb mi- The value of microwaves in a field study of
crowaves, particularly in the wave length region Smog arises in part from the fact that by their
below 1.0 em. Microwave propagation, as con. Use 8 large area may be surveyed for gases, par-
wasted to. propagation of visible Tight, is not ticularly those not visible to the eye in the
greatly affected by particles in the atmosphere Presence of smoke or other particles. In the pre-
such as smoke or haze. liminary study of the instrumentation it is pro-

0 : posed that a long-distance transmission path be
During World War II, radar equipment de- set up in Los Angeles in sunlight and the usual

veloped at 1.25 cm. was found to be useless weather conditions. Atransmitter working at two
oving to the short range of the waves in an wave lengihs, say 1.25 cm.and8mm. could, for
atmosphere with high water vapor content. In an example, be set up on theroof area at City Hall
mosphere of pure water vapor, the signal andanarrow beam or pencil of radiation trans-
strength would drop to half is initial value in mitted to receivers located at UCLA, where auto-
one mile of travel, and the absorption in moist matic records of the received signal strength at
gases i proportional o the partial pressure of both operating frequencies would be obtained.
the water. Thus, signal strength at 1.25 cm, falls Only ane absorption line occurs for water, that
to onehalf the inital value after 100 miles of a1 22:235 me., while 30 lines have been observed
travel when one per cen of the atmosphere js for methyl alcohol and8Vines for formaldehyde,
water vapor by volume. scattered over the band. Multiple line absorp-

tion is common, and single lines are exceptions.
hyV.D. Hershberger,DeparmentofEngineering, The diffezntial absorption at the two. wave

University of California at Los Angeles. Lengths is the rterion to be used in studying

8



smog. Water vapor mainly determines absorp blamed as well as exhaust gases from automo:
tion at 1.25 cm., the wave length to be used biles. The purpose of the study would be to
as a monitor, and the other gases are mainly localize the sources of smog, if local sources

responsible for absorption at 6 mm. or 8 mm. are responsible. If local sources are not respon-
A beam width of 3° is reasonable and beam sible, this fact needs to be known. The merit of

formation will be accomplished by a parabolic this method is that it would permit the rapid

reflector or horn, such as is used in radar. One collection of data simultaneously over an ex-

aspect of the proposed study is the development tended area during the critical time when smog
of the instrumentation needed for study of smog is in the process of formation. Once smog is
along a single path, as for example, between present in large quantities over the whole area,
City Hall and UCLA. The problem requiring an general observations probably would not be par-
experimental solution is the one that arises be- ticularly revealing.

cause the water vapor content of the atmosphere One could refine the method to determine di-
is variable and because the magnitude of ab- rection of arrival of the microwave beam and

sorption by contaminants peculiar to the Los thus the height of the inversion layer responsible

Angeles area is not known. for trapping the gases known as smog. This is

IF the results under the above are sufiienly APinhed by Solin evil os ie
Eats cedarrey. | La fedle neu ot tas vith sss
future program to“employ a receiver with a ney Pusey Deas; Her ls >

dl : geles area, transmissionsmaybe effected throug]
slowly rotting microwave antennaat iy Hall; i version layer self by placementof a trans.
a complete rotation could be made once every jer on Mount Wilson to make direction-of-
twenty minutes or so. Transmitters now could be reelidadios

placed at outlying points so that City Hall would ~~ 2" 5
be visible from the outlying stations. Such sta- Status hie
tions could be located at UCLA, International The University of California at Los Angeles
Airport, Palos Verdes, Long Beach, Burbank, has initiated support of this research under the
Pasadena, San Gabriel, eto, and information general supervision of Dean L. M. K. Boelter
would become available as to absorption along &nd the technical direction of the writer. Equip-
each of the named paths. Automatic records of ent is being purchased and assembled for the
atmospheric absorption would be kept for each 8% absorption spectrometer.
path and, from records obtained after a clearing Future Plans
rain or wind, one could evaluate smog sources as The Foundation will work closely with this

regards to their location and importance. Heavy investigation and maintain itself ina position to,
industrial areas and oil refineries have been take advantage of the results obtained.
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VIII. DISPOSAL OF REFUSE

CONFERENCE ON INCINERATION, yardtype incinerators and open rbbish fen |
CETISE should be recognized as unsatisfactory solutionsREFUSE DISPOSAL, AND i a ortAIR POLLUTION Los Angeles metropolitan area.

2. Combustion of rubbish in the municipal or
Q~ December 2 and 3, 1954, a Conference on industrial incinerator, which leads to the dis-Incineration, Rubbish Disposal, and Air charge intotheatmosphere of an unsatisfactory
Pollution' was held for the purpose of orienting stack effluent, is indefensible.
all interested parties as to available information 3. Since the sanitary landfill method of refuse
on incineratoremissions, types of equipment cur- disposal has been shown to be economical and
rently available and their merits, methods of acceptable from the standpoint ofpublichealth,“cut and fill,” composting, and any other dis: and since it creates no air pollution problems,
posal means, complete with cost data. Partici- this method shouldbegivén immediate considerpants of the Conference included sanitation ation for the disposal of rubbish in the Los Aneengineers, government administrators in the field geles metropaitan areaof sewage and sanitation on the municipal, state 4. Tn the ecosontc spprsisal of the pro
nd densi evel academic Zemonnel ernie oo i RY ie Fovarious other specialists in the field of air pol po)FN 0TESEYTlie fo
lution control. be gained, the criterion of appraisal should be
These engineers, scientists, and administrators the least net cost of the total operation, par.agreed upon specific recommendations and con. ticularly where some means of conservation isclusions, which were adopted as representing involved such as land reclamation by sanitary

the soundest advice that could be offered to Los landfill, garbage feeding to hogs, composting, orAngeles communities: transportation and treatment of garbage with
sewage in 8 water-carriage system.

RECOMMENDATIONS AND CONCLUSIONS 5. Engineering studies should be instituted
1. The combustion of rubbish in household immediately to determine no just the most eco-and backyard incinerators has the twofold detri- ~~ nomical but the most satisfactory pattem ofmental effect of distillation of a large proportion $107age, collection, transportation, and disposalof the material, and the production and discharge Of solid refuse, with particular reference to air1 the air of particulate materials capable of Pollution.

forming extensive and persistent aerosols which: 6. By the application of these measures, the
aggravate air pollution. Household and back. total interests of the citizens in this areawill bePE , served anda great step will be taken with respect“The Proceedings of this Conference are published 10 the ai pollution aspects of community waste
as Report No. 3 of the Air Pollution Foundation disposal problems.
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APPENDIX

REPORTS ISSUED IN 1954 REPORTS SCHEDULED FOR

Report No. 1, Neiburger, M. and Edinger,J. G.“Me- PUBLICATION IN 1955
orelogy ofthe Lok Angees Basins” April, 1954

“Proceedings of the Conference on Vehicle Combuntion. Report No. 5, Hydrocarbon Losses from the Petroleum
Products and Other Emisions.” August, 1954. Industry in Los Angeles County
(Note: This report wasdistributed to conferees any.)

Report No. 2, Faith, W. L., “Combustion and Smog” Repart No.6, Statistical Data of theLos Angeles Basin
September, 1954 goes wa cttha le Avgrlea B

President's Report, Hitcheodk, Ln By Address given be- Report No.7, Ale Tracer Surveys
fore Annual Meeting of Air Pollution Foundation, perifn. 1 ATH Surioys
Howl Ambassador, November 16,1954 <A

Report No. 3, “Proceedings of the Conference on In- aioit No.6, Visioiity Seudyy
Eineration, Rubbish Disposal, and Air Pollution,”
December, 1954 Report No.9, Acrometric Survey, 1954

TECHNICAL CONFERENCES HELD IN 1954
sumEcT LocaTiON DATE
Reactons of Hydrocarbons and Other Organic Com California Clb February 26
pounds in the Los Angeles Atmosphere and March 5
Rubber Cracking, Ozone Formation and Detection Foundation Office May 13:14
Meteorology of the Los Angele Buin Foundation Office May 17

University of California,
Los Angeles May 18

Vehicle Combustion Product and Other Emissions TheHuntington Sheraton Hol August 192021
Tcineraion, Rubbish Disposal, and Air Pollution The Huntington Sheraton Hotel December 23

88



PRINCIPAL LECTURES BY FOUNDATION STAFF 1954
one MBER LocATioN sussEct
413 Hitcheock Los Angeles County “The Foundation's Program Against

Council of Real Estate Boards Smog”
5/12 Hitchcock APF Luncheon at Ambassador Hotel “President's Repori—

Fin Progress Report Review”
615 Rogers Property Owners Division of “The New Air Pollation Foundation—Pasadena Realty Board Who, Wh, and How”
6/23 Hitchcock Los Angeles Breakfast Club, “Free As Air?"

Radio KPOL
6/21 Hitchook  KNBH—NBC (TV) “Get the Facts” (L. A. EXAMINER) with

Mr. Fred Ortman a panel est
72 Faith San Bernardino County

Air Pollution Study Committee
714 Hicheock Rotary Club, Pasadena “Scientific Approach to Direct Action”
7/30 Hitchcock  KFI Radio Station “Town Hallo the Air”

WB. Miller, Moderator;
vith A. M. Zarem and Gordon Larson

817 Hichook American Institute of Chemical “Scientific Approach to Direct Action”
Engineers

825 Leipert Rotary Club, Culver City
9/23 Hitchcock Western Governmental Research “TheScientific Approach toControl of

Association, 14th Annual Conference, Urban Air Pollution™
Claremont Hotel, Berkeley

1013 Faith American Society of Civil Engincers, “Atmospheric Waste Pollution”
Southern California Section

015 Faith American Society of Civil Engineers, “Atmospheric Waste Pollution”
Riveside.San Bernardino Branch

un Hitchcock University of California, “Air Pollution Research Challenges
Rivenside, Synapais Club the Scientist”

n/a Leiper Sigma Delta Chi Forum,
Roger Young Auditorium

1/16 Hicheock APF Annual Mesting, “President's Report”
Hotel Ambassador

12/7 Renzetti Scientific Research Society of “Some Technical Aspects of Air Pollution”
America, China Lake Chapter

12/3 Hichcock American Association for the Ad “DefinitionofAirPollutionTodayin
vancement of Science, Symposium American Citis™
on Air Pollution, Berkeley,
California

12/5 Faith American Association for the Ad: “Vehicle Combustion ProductsandPosible
vancement of Science, Symposium Remedies™
on Air Pollution, Berkeley,
California“Reprints available.

*Public Information Oficer, Air Pollution Foundation
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AIR POLLUTION FOUNDATION

Board of Trustees

RAYMOND B. ALLEN, Chancellor, University of California at Los Angeles
Chairman

ARNOLD 0. BECKMAN, President, Beckman Instruments, Tne.
Vice-Chairman

JAMES E. SHELTON, President, Security-First National lank
Treasurer of the Foundation

J. L. ATWOOD, President, North American Aviation, Inc.
FM. BANKS, President, Southern California Gas Company
GARNER A. BECKETT, President, Riverside Cement Company
WALTER BRAUNSCHWEIGER, Exceutive Vice-President, Bank of Aumcrica
ASA. CALL, President, Pacific Mutual Life Insurance Company
EDWARD W. CARTER, President, Broadway Hale Stores, nc.
LEE A. DUBRIDGE, President, California Institute of Technology
FRED D. FAGG, JR, President, University of Southern California
A.3..GOCK, Chatman of the Board, Bank of America (retired)
ROY M. HAGEN, President, California Consumers Corporation
CHARLES F. KETTERING, Vice-President and Research Consultant,

General Motors Research Laboratories
JOHN A. McCONE, President, Joshua Hendy Corporation
WILLIAM C. MULLENDORE, Chairman of the Board, Southern California

Edison Company,
FRED B. ORTMAN, Chairman of the Board and President, Gladding,

McBean and Company
ALDEN G. ROACH, President, Columbia:Geneva Steel Divison and Consolidated

Western Steel Division, United States Stel Corporation
STEPHEN W. ROYCE, President and Manager, Huntington Sheraton

Hotel, Pasadena,
D. J. RUSSELL, President, Southern Pacific Company
J. PHILIP SAMPSON, M.D, Member of the Board, Lus Angels County

Medical Association
REESE H. TAYLOR, President, Union Oil Company of California
P. G. WINNETT, Chairman of the Board, Bullocks Inc.

COMMITTEES

FINANCE RESEARCH PUBLIC INFORMATION
AL. GOCK LEE A. DUBRIDGE F. M. BANKS
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