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1. INTRODUCTION

Some of the more pressing questions of air pollution requiring improved
knowledge are those dealing with aerosols. Although airborne particles repre-
sent a small fraction of the trace constituent loading in air, they contribute
significantly to environmental degradation as a potential hazard to health, a
visibility reducer, and a possible agent of weather modification. Despite many
years of investigation, the origins and evolution of atmospheric aerosols re-
main poorly understood quantitatively, compared with trace gases. Recognizing
this, the California Air Resources Board (ARB) sponsored the California Aerosol
Characterization Experiment (ACHEX), a major experiment in air chemistry
devoted to a detailed study of aerosols in urban and remote sites of California.

The first phase of the study (ACHEX-1), was devoted to the development of
observational systems for the program and to the acquisition of a wide variety
of data characterizing atmospheric aerosols sampled primarily in late summer
and fall of 1972. The second phase (ACHEX-11), was a contindation of obser~
vations and analysis, with primary emphasis on smog aerosols in the South

Coast Air Basin.

A. OBJECTIVES

The objectives of ACHEX-! were:

1) To characterize the aerosols in the South Coast, the‘San Fran;isco
Bay area, and the San Joaquin Valley Basins in terms of their
physical and chemical properties, interaction with atmospheric gases,
and natural and anthropogenic origins.

2) To evaluate the amount of atmospheric aerosol in the cited three
major air basins which can be related to: (a) primary emissions,
such as, from auto exhausts or smokestacks; and (b} secondary
production, due to physical and chemical processes taking place
in the atmosphere.

3) To identify those major sources of particles and chemically re-
active gases which can be related to aerosocl poliution and visi-

bility reduction.
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L) To estimate, from aerosol source characterization in the three major
regions, the extent to which the ambient air quality standards can
be achieved by existing technoiogy.

5) To evaluate the applicability of the aerosol analysis instrumenta-
tion employed in this study for use in other monitoring networks.
Special emphasis was placed on an improved practical indicator
(index} for relating ambient aerosol properties to potential health
hazards and to visibiiity reduction according to established
California standards.

The objectives of the second increment of the prcgram, ACHEX I, re-
fiected the increased emphasis on photochemicai processes and were recast in
form:

1} To characterize aerosois in the South Coast Basin in terms of their
physical and chemical properties and their interaction with atmos-
pheric gases.

2} To improve knowledge of secondary aerosol formation processes by
investigating the evolution of aerosols under conditions of photo-
chemical smog formation.

3) To estimate the primary and secondary aerosoi contributions to the
totel airborne particuiate concentration in the South Coast Basin.

5}y  To evaiuate the significance of anthropogenic sources and uncontrol-
-~ tables, inciuding meteorclogical factors, natural sources, and water

in tne evolution of the respirable and visibility degrading aerosol.
5 Yo recommend from the characterization of aeroscls and their sources,
the key ingredients for a control strategy in the South Coast Basin.
4) To evaluate the applicability of instrumentation employed in this

study for use in future monitoring programs.

len]

MISTORY AND COMPLETION OF PROGRAM

The Californie Aerosoi Characterization Experiment {ACHEX) was originally
planned s a two-year program, with the observations scheduled to optimize
acguisition of date during the latter half of 1972. As the objectives note,

rre orolect emphasized primary particle scurces, secondar article formation
4 4 7 2

-h

rhe atmosphere, and their relation to changes in visibility. in Caiifornis,

1-2
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the ‘'secondary' production of aerosols by chemical and physical processes in
the atmosphere is believed to be especially important.

Because of unusual, unseasonably good weather in late 1972, few days
were encountered in which adequate data could be obtained for characterizing
the ‘heavy hazes frequently observed in Southern California. Such weather con-
ditions were so persistent that it was decided to terminate the 1972 program
early and return to the field in 1973 to seek cases of more intense photo-
chemical smog. ,

The ACHEX was redesigned in the spring of 1973 to apply a stronger focus
on photochemical aerosol. In the late summer of 1973 a second observational
program was implemented exclusively for the South Coast Basin. During this
effort, weather and smog evolution was more consistent with conditions nor-
maily encountered and an important supplement to the 1972 data base was
obtained.

After completion of the 1973 field study, considerable data analfsis and

sample analysis was undertaken to support the project objectives.

C. CONTENTS OF FINAL REPORT

This document is one of four volumes making up the final report describ-
ing the methods and results of the study. In this volume, the analysis and
interpretation of the results is discussed in some detail. The other three
volumes include: Volume (1) the summary of resuits and conclusions; (i1) the
experimental methods and analytical techniques, and (111) the data.

The following sections begin with a brief historical setting to place the
resuﬁts‘of ACHEX in perspective. This is foilowed by some general results
characterizing the properties of atmospheric aerosols based on the ACHEX pro-
gram, Then the details of diurnal changes in aerosols are summarized as they
retate to diurnal patterns of variation in other aerometric parameters. This
discussion leads into a detailed discussion of the behavior of the key chemical
ingredients of the aerosol, the sulfur, nitrogen, carbon and water components.
The relation between atmospheric aerosois and sources is then considered, with
a discussion of possibie control strategy for visibility improvement. The
volume is completed with a chapter on the evaluation of aerosol instrumenta-

tion and its impact on upgraded monitoring or surveillance.

i-3
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!1. HISTORICAL PERSPECTIVE

Perhaps the first air pollutant to be commonly identified is atmospheric
haze resulting from dispersion of smoke, fumes, or blowing dust. It has long
been known that the suspended particles making up atmospheric aerosols are a
hazard to human health. Furthermore, the light scattering by haze particles
is the dominant factor in visibility degradation when the relative humidity
is below 70%. These considerations have led the State of California to
establish ambient air quality standards for airborne particles on the basis of
total mass concentration of 75 ug/m3 annual average, and for visibility reduc-
tion in terms of visual range realized at relative humidity 70% or below.

As a result of many studies over the past several years, questions have
been raised about the applicability of high volume filter sampling as a useful
measure of pollution aerosol. For example, recent work has indicated that
particles less than about 3 um diameter are of principal interest for respira-
tory disease. Furthermore, there is evidence from several studies that man's
contribution to the ambient aerosol burden is principaily composed of particles
smalier than 1 um diameter. The high volume filter is beljeved to collect all
particies below about 20 um diameter, but gives (potentially) undue weighting to
the supermicron particle fraction. .

if chemical analysis is to be undertaken on monitored aerosol sampies,
other questions arise about the high volume filter procedure. For example,
one must be concerned with the interaction of reactive gases with the filter
substrate or with the collected material accumulated on the filter mat. In-
accuracies in measurement of sulfate on glass fiber media have been attributed
to 302 absorption on the glass fiber filters. Nitrates and organic material
also may be formed on the iilter as reactive gases pass through lt.

Despite the many questions about the sampling and the gravimetric analy-
sis, the aerosol monitoring in the United States continues to rely on the high
volume filter with giass fiber substrates.

While the monitoring of aerosols to meet the requlatory requirements for
California is a legal requirement, the Air Resources Board has recognized

that there is a close, but uncertain, reiationship between intense hazes in

2-1
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many air basins and chemical reactions in the ambient mixture of

trace pollutants. indeed, the smog chamber work in the early fifties of
Haagen-Smit, Stephens, Hanst and others (see, for example, Leighton(])) pro-
vided strong evidence for aerosoi formation as a part of photochemical smog.

It has long been recognized that the quantity of sulfate and nitrate in
atmospheric aerosols cannot be accounted for by primary anthropogenic or
natural emissions. These components are virtually universally present in
large gquantities in all tropospheric aerosol samples. Their concentrations
are normally larger than those of the metais. However, only in the sixties
have workers fully appreciated the significance of processes of ""secondary"
particle formation in contributing to the atmospheric burden of these consti-
tuents.

Sulfate and nitrate have been monitored for some time in selected cities,
zlong with a solvent soiuble fraction associated with organic material. Like
suifate and nitrate, it has not been possible to account fully for the amount
of organics in aerosois without being concerned with chemical processes in
the atmosphere. 1t has been recognized for some time that organics make up

substantial part of urban aerosols, but their sources remain unaccounted for

[3)]

‘7 past work. in fact even today, few aercsol studies of any kind have
attempted to construct a compiete materiai balance in coliected carticles,
either directly or by indirect calculation using suitable scaling factors.
About two years before the major increase in California's concern about
atmospheric hazes in 1971, the development of new instrumentation and tech-
nigues for chemical anealysis promoted interest in a series of new field exper-
iments on aercsol behavior. The new developments permitted essentiaily con-
zinuous monitoring of certain physicai properties of urban aerosols, particu-
tarly their size-number distribution and light scattering capacity. in addi-
tion, analytical methods became available with sufficient sensitivity to
investigate changes in urban aerosol chemistry over pericds of four hcurs or
less. These innovations combined with improved continuous meteoroicgical and

pollutant gas analyzers jed to a major experiment aimed at characterizing the
2)

daily evolution of smog aerosol over Los Angeies. This program was con-

cucted at the Keck Laboratories of the California institute of Technology in

2-2
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August and early September 1969. The early results of this study were re-

ported in Aerosols and Air Chemistry!B) The Pasadena Smog Experiment yielded

a wide variety of new data characterizing the nature of changes in the physi-
cal and chemical properties of aerosols in smog over a few 24-hr periods.
Although the observations were very detailed, the bulk of the analysis was
done for a single 24-hr period.

The following measurements were made during the 1969 Pasadena aerosol
study:

1) Continuous observations of size distribution of particles over

the range 502 to several microns using a variety of instruments.

2) Chemical nature of various size fractions of the aerosol collected
in a cascade impactor over continuous time intervals as short as
two hours.

3) Optical properties using a single wavelength and a multi-wavelength
continuous recording integrating nephelometer.

At the same time that the aerosol and nuclei measurements were made
trace gas concentrations were monitored, inc?udihg hydrocarbons, nitrogen
oxides (NOX), ozone and SOZ' Meteorological variables such as wind speed
and direction, temperature, humidity and flux of solar radiation also were
recorded. The 1969 data indicated that:

1) Visibility is ciosely related to changes in humidity and in particie
concentration over the 0.1 um-1.0 um diameter size range. The particle con-
centration showed a maximum at midday which corresponded with a maximum in
ozone concentration.

2) The daytime interaction between aerosols and the photochemically
reactive atmosphere was manifested mainly in the particle size range exceed-
ing 0.1 um diameter and less than a few microns in diameter.

3) There was a persistent bimodality in the mass distribution with
respect to particle size. The pollution contribution was found in the smal]
particles while the natural background was identified principally with the
large particle fractions. The distribution of certain chemical constituents
reflected the bimodal pattern. The results deduced from the study are shown

schematically in Figure 2-1. This is a hypothesis about the distribution of

2-3
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components and their origins.

4) There are significant diurnal changes in sulfur (sulfates, sulfites)
and nitrogen-bearing compounds (nitrates, pyridinium and amino compounds) in
the aerosol particles and the suspended material was unusually rich in non-
carbonate carbon (I 30% by mass).

5) A method was tested for estimating the contributions of major primary
sources to the Pasadena aerosoi through its chemical composition. This pro-
cedure was found to be useful for characterizing the Los Angeles aerosol in
relation to other cities.

These results demonstrated the feasibility of investigating the evolu-
tion of aerosols in sufficient detail to penetrate the complex physical and
chemicai interactions taking place in smoggy air.

They could be interpreted in the following way as related to control
strategy:

1) Major increases in visibility will require substantial improve-
ments in control ol sub-micron particles in a range where removal efficiency
of existing control equipment is relativeiy low. _

2) Humidity is an uncontroilable factor in visibility degradation but
must be accounted for in a uniformly appiicable ambient air quality standard.

3) To achieve air quality goals, very stringent controls on gases such
as NOX, reactive hyd}ocarbons, and 502 are required because of the high photo-
chemical reactivity to produce aerosols.

k) Measurement of total mass alone by filtration is an inadequate moni-
toring procedure, without further qualification.

5) Because of implications to health effects, monitoring of ambient
aerosols should include routine checking for specific chemical elements or
compounds such as lead or non-carbonate carbon.

The knowledge gained from the 1969 Pasadena study and a later 1971 in-
vest?gat?on in Denver provided the technical basis for the experimental
design of the ACHEX. Deliberations by the Air Resources Board in 1971 re-
sulted in a request for proposals on the investigation of aerosols in
California. The funding for the conduct of ACHEX was derived from the response

to this request.
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At the time the ACHEX was conceived, the state of development of computer-
ized data acquisition, collection procedures for aerosol chemical analysis,
and some analytical methods remained at the limits of technology, requiring
considerable research In parallel with the operational aspects of ACHEX. Thus,
the ACHEX program represented a pioneering effort in the appiication of new
measurement and data acquisition systems to urban aerosol study, as weil as in
implementation of new, previously untested techniques for chemical analysis.

Several operational ''firsts' attributed to the ACHEX should be kept in
mind in the light of widespread progress in aercosol science during the past
three years. These are:

1} A compliete transpcrtable aerometric laboratory was designed, built

and operated which observed poliutant gases, aeroscis, and meteoro-

iogical variables.

2} A minicomputer system with on-line data surveillance capability was
used to acquire and partially analyze data from both gas and serosol
anaivzers.

2) Continuous observations were made over the particle diameter range
between 50% and 30 um.

43 Aercsol sampies were collected on a two-nr basis for size fraction-
ated, detaiied chemical analysis to obtain results for aerosol
changes compatible with the scale of changes in smog gas reactions.

5)  Aerosol chemical analysis by combined wet chemical and physical
methods, which included pﬁotoeiectron spectroscopy, x-ray anaiysis,
and high resolution mass spectroscopy.

&) The ACHEX was the first major field study devoted principaliy to
aerosol chemistry.

75 The study invoived the tirst attempt to measure aerosol mass concen-
tration semicontinuousiy by B-ray attenuation.

8} The ACHEX used separate filter media for organic and inorganic aero-

sol chemical analysis.
3) ACHEX first used chromatographic instruments operationaily for con-

tTnuous measurement of hydrocarbon and suifur containing gases.
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11)
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15)
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17)
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The ACHEX provided detailed '"snapshot' data of aerosol and trace gas
behavior at several rural and urban locations in California.
Humidified nephelometry was tested extensively and used to investi-
gate in the field the hygroscopicity of urban and non-urban aerosols.
The liquid water content of the aeroso! was measured semicontinuously
by a microwave method, and over extended periods by chromatographic
filter analysis.

The field study was designed to explore extensively the influence

of sources and meteorological transport on aerosol behavior.

The ACHEX used the chemical tracer approach combined with material
balance to quantify the role of primary and secondary sources of
particles,

The ACHEX confirmed the importance of SOQ=, NO;, condensed hydro-
carbons, NHh+ and H20 in dominating the aerosol mass and light
scattering in Southern California.

The investigation confirmed the multimodal nature of the volume-size
distribution and the chemical composition distribution for aerosols
in California.

The study has shown clearly the importance of photochemical processes
in aerosol formation in smog.

The study provided data to distinguish between the behavior of liquid

water in particles as contrasted to relative humidity.
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Fi1. GENERAL CHARACTERIZATION OF AEROSOLS

This section deals with the general character of aerosols in California
air as indicated by the ACHEX and related measurements. The discussion
begins with a review of important physical properties of aerosols sampled in
urban and nonurban sites. Then, several aspects of the chemical properties
of airborne particles are summarized. Completing the section is a brief dis-

cussion of the aerosol background.

A. 'PHYSICAL PROPERTIES
From the standpoint of the present regulatory structure for air pollu-
tion, the physical properties of suspended particles of greatest interest in-

3

clude the total mass concentration, measured in ug/m” with a resolution of a
24-hour averaged value, and the visibility, which depends on the particle size
concentration distribution as well as the index of refraction of the airborne

material.

*

The monitoring and surveillance of aerosols in the past have relied on
the high volume filter sampler and the use of a continuous device‘measuring
qualitatively the coefficient of stain on a paper tape filter. Future activ-
ity undoubtedly will make use of filter-coliected aerosols for continuity of
the long-term data base as well as for chemical analysis of samples. However,
it is expected that on-line, continuous measurement instruments also will be

implemented that will replace the paper tape (COH) device presently used.

b. MASS CONCENTRATION

Extensive measurements of mass concentration by hi-vol samplers were
made in the ACHEX simultaneously with two-hour filter measurements of total
mass. The exposure to aerosols in different locations is illustrated in the
data tabulated in Tables 3-1 and 3-2. These data indicate that the South
Coast Basin was the area with heaviest particulate pollution, with a grada-
tion of aerosol concentration increasing toward the east. Individuals will
experience exposure as high as 200 ug/m3 on a 2h-hour basis, with a range

of much higher levels on two-hour intervals during the day.

3-1
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Generally a substantial portion of the aeroscl sampled is in the sub-
micron fraction. The distribution of mass is illustrated for several cases
studied with the impactor data in Figure 3-1. In urban locations, approxi-

mately 30% by mass of the aerosol is concentrated below 0.5 um diameter,

A comparison of 2h-hour average high volume filter data with the sum of
two-hour average total filter and after filter data are given in Figure 3-2.
Here there is a systematic correlation between the three parameters. Empiri-

cally the hi-vol mass is related to the total filter and after mass by the

following correlations:

Total fiiter (pa/m3) = 0.87 Hi-vol mass conc. (na/m3) (3.1)

After filter conc. (Dp < 0.5 um) (pg/m3) = 0.28 Hi-vol mass conc. (ug/m3)
(3.2)
2. PARTICLE SIZE DISTRIBUTIONS

The data from the continucus-reading instrumentation represent the most
comprehensive set of resuits obtained to date in any study of this kind. The
initial analysis by the University of Minnesota staff has noted a wide range
of aerosol behavior, depending on the location of sampling and the local
sources or atmospheric chemistry. Examination of the aerosol data has been

made in terms of the number-particle size distribution and its integral

moments. In particular, the former is defined in terms of the distribution
function
dN
= =n (D)
db i
o P

which is the number of particies per unit voiume in the size range Dp and

Dp + ADP. The moments of the distribution function of interest are
Total number concentration N = fn(Dp)de
. 2
Surface concentration S = wap n(Dp)de
Yolume concentration Vo= ng 3 n(d )dD .
P P p

o

i)
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Figure 3-1. Aerosol Mass Distributions vs. Particle Size
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The notation for the particle size ranges of interest is as follows:

N Concentration (second letter or number denotes particle size
range: T = total, 3- = < | pym, 2- = < 0.} um, 3 = 0.1 to
1 um, 4 =1 to 10 um, 5 = 10 to 38 um)

S Surface (second letter or number denotes particle size range:
T = total, 3- =<1 ym, 2- = < 0.1 um, 3 = 0.1 to | um, 4 =
1 to 10 um, 5 = 10 to 38 um)

v Volume (second letter or number denotes particle size range:
T = total, 3- = <1 ym, 2- = < 0.0 pm, 3 = 0.1 to | um, 4 =
1 to 10 um, 5= 10 to 38 um). ‘

The aerosol physical properties that have been examined in any detail so
far stem from the measurements primarily coming from the mobile laboratory.
Typical data taken during the study are shown in Table 3-3. These results
cover a selected list of test cases reflecting different conditions at the
sites where the mobile laboratory was located during the 1972 program., Simi-
lar results were obtained in 1973. These observations range over a wide

variety of meteorological and aerometric conditions. The bsta range covered

. t
is from 0.35 x iO_hm ] to 15.9 x 10 Am ]. The lowest bscat was in Point Arguelio,
with the highest in Pomona. The Aitken nuclej concentration measured from very

3

tow values, ~ 50 particles/cm” in Goldstone, to > 2 x 106 particles/cm3 near

the Harbor Freeway.

Various parameters expressing surface concentration and volume concen-
tration (i.e., the second and third moments of the number size distribution
function) also are tabuiated.

The differences between size distributions from various conditions, such
as receptor sites or source-dominated sites, can be illustrated well by con-
sidering various moments of the size distribution function. For example, the
number distribution of particles is shown:in Figure 3-3. Several distribution
functions are shown in this figure. On the ordinate is plotted the parameter
dN/de. This corresponds to the number of particles per unit volume in a
size range between DP and Dp + de. On the absicca is the diameter Dp, given
in um. From the distribution functions plotted in this way, several charac-
teristic distribution functions have been chosen. One was from Pomona, during

the time when the bscat value was maximum, on October 24, 1972. Another
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distribution function was chosen for later in that day, when bscat was con-

siderably reduced.

Three background size distributions are shown: one from Goldstone, one
from Point Arguelio, and one from Hunter-Liggett. The Point Arguello sample
is of pafticular interest, because this was taken under conditions of a strong
contribution of sea spray aerosol to the large-particie fraction. Also shown
is a size distribution from the Harbor Freeway indicating a motor vehicle
source dominated aerosol, which shows a large number of particles In the
range < 0.1 um in diameter. |

Plotted as the number-size distribution in Figure 3-3, the number distri-
butions are remarkably similar in their general features, except in the region
below ~ 0.5 um in diameter. The upper size range, from 5 um to ~ 30 um in .
diameter, indicates a strong overlap between all of the spectra shown for
iliustration. The lower extreme of the spectra, the highest particle concen-
_trations achieved in the region < 0.10 um in diameter are associated with the
fresh combustion aercsol coming from off the motor vehicles at the Harbor
Freeway.

At Pomona, the concentration of sub-micron particles is somewhat lower
than for fresh combustion aerosol concentrations in the two time periods con-
sidered. There is a rather interesting distinction in the range between 0.1
and 1.0 um diameter. This undoubtedly is related to the very high bScat
observed at that time. The distribution functions from Goldstone, Point
Arguello, and Hunter-Liggett show a marked reduction in small particies in
the sub-micron range, compared with the urban aerosols. This s a character-
istic of aerosol distributions measured from nonurban or remote sites, where
the tiny particlies have essentially been removed by collision processes or
by growth processes, to accumulate in the larger particle range > 0.5 um
diameter. The general shape of the averaged size distribution follows a
power law, with a decrease of Dp-h in the middle ranges of particle size;
however, in the extreme ranges of large particles, the size distribution
tends to drop off with a sharper slope, one that can be drawn through the
data Is a -19/k slope above 5 um diameter, In the extreme range of smaller

sizes, the individual spectra show much greater scatter, associated with
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either growth processes or combustion sources. However, illustrative cases

-5/2

of aged aerosol irndicate a Dp below ~ 0.1 um diameter.

The moments of the size distribution, either the second moment (the
surface distribution) or the third moment (the volume distribution), tend to
display more detailed features of the size spectra than the number distribu-
tion in Figure 3-3. These moments are particulariy useful for examining the
midsize range, where the D -h power law fit may be somewhat misleading. The
second and third moments of the distribution functlons in Figure 3-3 are shown
in Figures 3-4% and 3-5. In Figure 3-4 are two sets of data, one representing
observed conditions of heavy haze at Pomona on October 24, 1972. A second
case, later in the same day, is shown for comparison. |In this episode, heavy
haze was observed in the morning, which was accompanied later in the day by
a significant buildup in oxidant. By afternoon, the photochemical activity
became lighter, and the aerosols were considerably lower in concentration.

In both cases, it is readily seen that the sub-micron portion of the volume
and surface spectra are strongly contributing to the physical properties of
the haze; the principal maximum in the surface and volume distributions is in
the optical scattering range between 0.1 and 1.0 um diameter. There are very
major differences in bscat between morning and evening, accompanying the con-
centration changes. The influence of particle aging is suggested in that
there is a dramatic decrease in particle volume in the 0.3.um diameter region
from morning to evening, but a '"background'' peak level remains in volume con-
centration at ~ 6 um.

The contrast between airborne particles from anthropogenic sources iike
the automobile and the aeroscl background is illustrated in Figure 3-5
Here, a surface and volume distribution for a case strongly influenced by
motor vehicle exhaust at the Harbor Freeway is compared with background
samples at Point Arguello, Goldstone, and Hunter-Liggett. The anthropogenic
contribution from combustion processes involving motor vehicles strongly
influences the sub-micron range of particles, particularly below 0.1 um
diameter, as expected from previous work. The distinction between the back-
ground samples and material samples near sources and at receptor sites like

Pomona is very apparent in that the urban aerosol is principally different
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Figure 3-4. Surface and Volume Distributions Taken at Pomona
on October 24, 1972
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in the sub-micron range. The dramatic local influence of the sea on the
large particle fraction under light to moderate winds also can be |
seen in the comparison between the marine sample at Point Arguello and the
other two background locations. The minimum in volume distribution at
~ 1.0 um diameter again appears in these days, as in many previous observa-
tions elsewhere. _ _

The significance of aerosol growth during the morning as the smog chem-
istry evolves is shown in Figure 3-6. Two volume-size spectra are shown
for averaged data at Pomona in August, 1973. A comparison Is made between
the volume distribution in early morning and in mid-morning during a period
of moderate smog. It is illustrated well in these data that the major change
in evolution of smog aerosol takes placé‘in the 0.1 pym to 1.0 um diameter
range. As will be shown below, this is precisely the particle size range
that influences light scattering most strongly.

The typical background desert condition based on the Goldstone data was

3

a total volume on the order of 8 to 13 um3/cm with the amount below 1 um

at 3-4 um3/cm3. The nuclel count was a few thousand. In contrast with other
background data obtained at Fort Collins, Colorado, the volume of aerosol
greater than 1 um is much less, being only 60 to 70% of the total volume. The
occurrence of rain just before the sampling period makes it impossible to
claim that typical background conditions over a long period of time were
measured. Although large amounts of windblown dust had been expected at
Goldstone, no evidence of such dust was recorded. The maximum volume greater
than 1 um was about 12 um3/cm3. ’

When the wind was from the north at Goldstqne, the lowest volumes ever
recorded with the Minnesota Aeroscl Analyzer System were obtained. The aver-
age total volume ovér a three-hour period was 1.85 um3/cm3. The low volume
is probébly due to the rain which fell at Goldstone prior to the sampling
period. The rain does not explain the low nuclei counts (less than 100)
which were found. :

At the end of the sampling period an incursion of aged smog aerosol from
the South Coast Basin of California was observed. This episode, when con-

trasted with the earlier, exceptlonally clean conditions, has provfded valuable
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insights into the characteristics of aged air pcllution aerosols. A total

3

volume of 43.1 um3/cm y with 31.5 um3/cm3 smal ler than 1 um, represents aero-
sol concentrations of the same order of magnitude as those measured in the
South Coast Basin on days of light smog.

Most of the data from Hunter-Liggett suggested that the results were
affected most of the time by incursions of aged, diluted air pollution, either
from sparse local sources or by pollution from the San Joaquin Valley. Aitken
nuclei counts were on the order of 2,000 per cm3, and the volume size distri-
bution was typically bimodal, with 10 um3/cm3 smaller than 1 um and
15 um3/cm3 larger than 1 um. Surprisingly, the ozone concentration reached
0.1 ppm, Indicating that there was some photochemical activity. The sodium-
to-mass ratio was about the same as at San Pablo, being higher than the more
inland sites but not as high as the seaside sites.

At Point Arguello clean maritime air was sampled. During one period of
heavy surf, a high concentration of salt aerosol was sampled. The distribu-
tion was unimodal, with the volume distribution mode at 10 ym. The total
volume concentration was 332 um3/cm3 With only 3% of the volume smaller than
3/cm3 with 10%
smaller than 1 um. Aitken count for the maritime air was relatively constant
at about 100/cm3.

1 um. Under conditions of low surf, the total volume was 7 um

Size distributions measured with a portable electrical aerosol analyzer
and optical counter at King River, Big Sur, Morro Bay and Point Reyes typi-
cally gave sub-micron aerosol volumes of 1 to 10 um3/cm3 and total volumes
of 10 to 20 um>/cm>.

Measurements made with the portable system at Santa Monica on
September 21, 1972, gave sub-micron aerosol volumes that decreased from 69
early in the morning to 10.6 um3/cm3 in the eVening, even though the wind was
from the sea during this whole time. This indicates that rather high concen-
trations of sub-micron aerosol, presumably from air pollution episodes over
the land can be blown out to sea and return.

From measurements of the size distribution, concentration, and chemistry
of aerosols sampled during a 2k4-hour inténsive pefiod from 2100 on September 19

to 2100 on September 20, 1972, alongside the Harbor Freeway in Los Angeles, it
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is possible to draw a number of conclusions regarding the nature of freeway
aerosols(h):
1) The fresh aeroso! sampled at a distance of 70M from the free- \

way is mostly below 0.15 um in diameter. The direct freeway con-

tribution was 17.1 um3/cm3 during the morning rush hour. The nuclei

3

count was betweer two and three million particles/cm” and the surface

area for the fresh aerosol was 2870 umz/cm3.

2) Calculation of particie density from the ratios of the filter-
measured mass concentration to the volume concentration from the In
situ instruments was .a strong function of relative humidity. Indi-
cated densitles ranged from approximately 1 at 1002 to 2.1 for the
dry particles. ,

3) The direct freeway contribution accounts for 99.4% of the aerosol
number concentration during the rush hour. Because of its high
number concentration, the aeroso! coagulates rapidly, by both mono-
disperse and heterodisperse cocagulation.

in Figure 3-7 the volume distribution of fresh aerosol coming from the
freeway during the morning rush hour is compared with a number of distributions
from other places.

Fresh combustion aerosol from aircraft taking off from the San Francisco
"Airport was found to be similar to the freeway aerosol, except that the con-
centration was lower and the aerosel came in bursts.

The 1light to medium pollution aerosols sampled at Fresno and Pomona were
found to be similar fn chemistry and size distribution to those reported

(5)

The observed shape of the aerosol particle size distribution was

previously in the 1969 Pasadena study

affected by a mismatch between the two optical particle counters, one of
which was outside the laboratory and the other inside. The mismatch was a
function of the relative humidity and the temperature difference between the
inside and ocutside, and is discussed further in Appendix A. The data pre-
sented in this report are as recorded, and do not include a correction for
this effect.
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3. PARTICLE AGING

The aging processes of aerosols in the atmosphere are listed in Table 3-4.
Here, the cases are classified in terms of processes that transfer particles
from one size range to another in the spectrum, but do not remove mass from an
elemental volume, and/or processes that physicallyitransfer particles
from parcels of air. in California during the summer and fall, rain cloud
processes exeft a limited influence on aerosol aging. Thus, apparent regular-
“ities in the size spectra should be controlled by ''dry'" mechanisms. Evalua-
tion by Hldy(s) suggests that, near the ground, atmospheric diffusion is im-
portant for the behavior of particles. Even in the absence of active particle
growth processes near the ground, changes in the size spectrum will be influ-
enced strongly by thermal coagulation in the range D_ < 0.1 um, while colli-
sion processes are weaker in the range of larger particles. The extreme range
of large particles must be strongly cut off by sedimentation.

The Sample spectra illustrated in Figure 3-3 display a wide range of:
behavior, but they are very similar in the particle size range beyond Dp =
0.5 to 1 um. There is a precedent for such regularities, derived in theoret-
ical models of Fried?ander(7) and later reviewed by Hidy(g). A quasi-steady
state, consisting of a balance between the sources feeding the lower end of
the size spectrum with tiny particles and the sedimentation losses at the
upper end of the spectrum, can truncate the size spectrum above ~ 5 um
diameter. Friedlander has'estimated that the sedimentation subrange should
decrease in concentration as Dp“a,where a=19/4%, for an aerosol in a guasi-
steady state. Interestingly enough, this power 1aw dependence appears to be
consistent with the data in Figure 3-3, except possibly for the Point Arguello
case, which was strongly influerced by fresh sea spray aerosol.

in another calculation, involving the constraints of the quasi-steady state
and self presérvation of size distributions, Hidy(S)reviewed Schwarz's unpublished
calculation and suggested that the sedimentation subrange should exist, and would
follow a power law in the upper extreme of the size spectrum with o > 4,
depending on the distribution of volume concentration with height. This

model estimates o = 4, the Junge subrange, of the volume concentration is
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TABLE 3-4

PROCESSES AFFECTING EVOLUTION OF AEROSOLS IN A
UNIT VOLUME OF LOWER ATMOSPHERE

Growth or change in particles by homogeneous or heterogeneous
chemical reactions of gases on the surface of particles.

Change in particles by attachment and adsorption of trace gases
and vapors to aerosol particles.

Net change by collision between particles undergoing Brownian
motion or differential gravitational settling.

Net change by collision between particles in the presence of
turbulence in the suspending gas.

Gain or loss in concentration by diffusion or convection from
neighboring air volumes.

Loss by gravitational settling.

Removal at the earth's surface on obstacles by impaction,
interception, Brownian motion, and turbulent diffusion.

Loss or modification by rainout in clouds.

Loss by washout under clouds.
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constant with height.
Friedlander(y) also proposed a coagulation subrange of the spectrum,
in the extreme of sub-micron particles. Smoluchowski's model for coagula-
tion predicts a value of a = 5/2 in the coagulation subrange. Coagulation
should dominate the lower portion of the particle spectrum in a region
that is not expected to be strongly influenced by local sources of sub-
micron particles, or by growth processes. This is best exemplified by

the data at Goldstone. Indeed, there may be an extended range of a = 5/2
at this location, as indicated in Figure 3~3. 1t is interesting that

the case in Pomona, late in the day, also displays an extended sub-micron

range with a ~ 5/2,
L, PARTICLE DENSITY
The particle densities for most sites on which the mobile lab was opera-

ated during 1972 have been calculated from the following equation:

_ MT -
°p T WAA + R220 + R245 (3-3)

where pp = particie density, gm/cm3

WAA = volume concentration of aerosol from the Whitby aerosol
analyzer, um3/cm3

R220 = volume concentration of aeroscl from the Royco 220,
um3/cm3

R245 = volume concentration of aerosol from the Royco 245,

um3/cm3

MT = mass concentration of aerosol from total filter,

ug/m3

The particle density is a function of relative humidity. Since the
temperature inside the mobile lab was usually different from the ambient
outside temperature, the data cbtained with the different instruments were
obtalned at different relative humidities.

The total filter sampled aerosol was not at the outside relative humid-

ity (RH). From a heat transfer analysis the temperature of the sample stream
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can be estimated at the total filter and a RH can be calculated. The mass
concentration obtained from the total filter must be treated with caution
since the total filter was equilibrated at 45% RH at the AIHL before being
weighed. Thus, mass concentrations obtained from the total filter for time
periods when the RH was high may be erroneous.

The WAA ionizer was operated with dry compressed air and the clean air
was at inside ambient conditions of T and RH. The ratio of clean air to the
sample air flow was 14:1. Therefore, the humidity at which the WAA sampled
and measured the aerosol size distribution is unknown, but is probably close
to that inside the trailer. '

The performance of the Royco 220 optical particle counter (OPC), has
been discussed in the preliminary report on the aerosol size distribution
mismatch (see Appendix C). It is believed that the temperature of the sample
stream in the view volume of the OPC was about the same as the inside temper-
ature of the mobile lab.

The Royco 245 OPC was operated outside of the mobile lab. The aerosol
was at the outside ambient relative humidity. .

The graph in Figure 3-8 of the calculated particle density vs. RH for
the several sites suggests that with the exception of Goldstone, the density
may be a fairly strong function of RH, and the aerosols in most locations
are quite hygroscopic. Furthermore, the.dry particle densities of about
2,1 to 2.5 gm/cm3 are reasonable. During recent conversations with Hanel
in Germany, he states that he has obtained dry particle densities of 2.1
to 3.5, and thinks that our values are é little low. Because of the
uncertain effect of the temperature change between inside and outside of

the trailer, it is possible that our densities are perhaps 30% low.

5. LIGHT SCATTERING AND SMOG

It has been known for some time that visibility reduction is primarily
a function of light scattering from aerosols in the atmosphere. The princi-
pal measure adopted in this study to characterize light scattering is b

scat’
the extinction coefficient for light scattered by particles.
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Figure 3-8. Variation In Apparent Particle Density With Relative Humidity
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The visibility standard of the State of California, applicable whenever
the relative humidity is < 70%, requires that an observer be able to distin-
guish a prominent black object viewed against the horizon sky at a distance
of ten miles. Physiological research has shown that he will be able to do so
when the contrast between the light intensities ']’ from the direction of the
object, and '2’ from the direction of the unobstructed horizon, exceeds some .

minimum value:

c = (l2 - Il)/l2 2 Cnin (3'“)

In a horizontally uniform atmosphere, one can show that
c = exp (-bextx), (3-5)
where bext is the atmospheric extinction coefficient and x Is the distance

to the object. In this situation, the visibility standard can be interpreted

as a standard for bext:

.y~
byt < (10 mi) (-logec

) | (3-6)

min

In the Los Angeles atmosphere, nearly all extinction of visible 1ight is due
to scattering by aerosols, and the aerosol scattering coefficient, bscat’ can

be substituted for the extinction coefficient bext in Equation (3-6). The

contrast threshold is often taken to be Cnin = 0.02, in which case the visi-

blllty standard corresponds approximately to an aerosol scattering standard:

-4 -1
bScat <£2,5x 10 'm

- (3-7)

Relation of b to Mass Concentration
-5 Ccat

The scattering due to a given mass concentration of aerosol depends on
the size, shape, and compocition of the aerosol particles. |If the particles
are uniform, homogeneous spheres of diameter D , density p, and refractive
index m, then the ratio of aerosol scattering coefficient to aerosol mass con-
centration is given by(9)

scat/MAss G(Dp) (3-8)

= (3/2p Dp) I K(pr/A,m)f(k)d(l).
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where K is the Mie scattering efficiency and f(1) is the normalized wavelength
disfributlon of solar radiation. The function G(Dp) plotted in Figure 3-9
peaks sharply when particle diameters are near the wavelengths of visible
light. | ' ‘

Ambient aerosols are broadly distributed with respect to particle size,

and bscat/MASS for the aerosol is obtained by averaging:

b qr/MASS = f G(Dp)mass(Dp)de,

where G(Dp) Is the ratio for a monodisperse aerosol, given in Equation (3-8),
_and mass(Dp) is the normalized aerosol mass distribution. It is found empiri-
cally that this ratio has a fiarly narrow distribution for ambient Los Angeles
aerosols. The approximate proportionality between bscat and MASS for 60 two-
hour samples taken by the mobile van during the 1973 expedition, is illus-
trated in Figure 3-10. The average bscat/MAss for these samples was 0.032,
with a standard deviation of 0.009:

b qt/MASS = 0.032 + 0.009. (3-10)

For comparison, Charlson g}_gl:(‘o) found a strong mode in the range bscat/
MASS = 0.028 * 0.034 for 52 samples taken at Altadena in December 1968.

Expression (3-10) is not a physical law, but simply a statistical state-
ment about the aerosols sampled by the mobile van in 1973. It is not a priori
applicable to different locations, different seasons, or different levels of
emissions. However, Charlson and his coworkers have accumulated an impressive
"body of evidence supporting the overall stability for ambient aerosols of the
approximate relationship expressed in (3-10), and it has proven useful in
applications because of the complexity of the exact relationship between
aerosol 1ight scattering and composition. |

Relation of b_

;ca%—to Sub-micron Volume

The theoretical relationship between the light scattering coefficient
and particle diameter given in Equation (3-8) also can be recast to give
bscat in terms of particle surface concentration or to particle volume con-
centration. In fact, the light scattering coefficient should be a better

indicator of such parameters than of mass concentration, wherein a density
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variation provides an added degree of freedom.

Analysis of the 1973 ACHEX data indeed shows that a useful relationship
exists between bScat and the particle volume between 0.1 um and 1.0 um diam-
eter, as Figure 3-9 might suggest. Shown in Figure 3-11 are correlations
between bscat and the total volume, the volume < 1.0 um and the volume be-
tween 0.1 um and 1.0 um diameter. The best correlation is found for the last
case.

The relation between 1ight scatterihg, visibility, and the sub-micron
aerosol volume was strikingly revealed in a sequence of data obtained on
September 25, 1973 at Rubidoux. During this episode, the winds were reversed
so that a dry, northeast flow prevented heavily polluted air from moving over
the mobile laboratory most of the day. However, late In the afternoon, the
wind shifted to blow from the west for a period so that a smog 'front' moved
over the trailer. When the clean air was present, the visibility at the
trailer exceeded 20 km. However, when the polluted air penetrated the area,
the visibility decreased to less than 3 km.

The size distributions characterizing the two air masses seen on
September 28 are shown in Figure 3-12. The striking difference in particle

volume between 0.1 um and 1.0 um diameter corresponding to a b change of

~ 3.4 x IO-Am~] is Indicated. At the same time, essentially nzczﬁange was

observed in the volume fraction for particles larger than 1.0 pm diameter.
Using a least squares fit of the two-hour averages for V3 vs. bScat

from the 1973 data (daytime only), a high correlation coefficient is obtained

(r = 0.944); however, from Equation 3-11, it is seen that for vanishing bscat’

V3 is still 13.1 um3/cm3.

3=13.1+ 7.58 x 10" by cat (3-11)

Because of the large intercept, a parabola was fitted to the data and
the following equation was obtained:

bScat X lo“ = 0.038 + 0.081 V3 + 0.00026 (v3)2 (3-12)

This relation may be more useful than (3-11) to indicate the general

correlation of scattering coefficient with aerosol volume. Such an empirical
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relation should be examined carefully for its limitations prior to its
widespread application. Graecen g&_gl,(]]) have examined such relation-
ships in more detail. |In their work, the scattering coefficient due to

aerosol particles, bsp’ is used. The broad band nephelomefﬁr_?sed in the
ARB mobile lab was adjusted to give a reading of 0.23 x 10 m ~ while
sampling clean air in order to account for Rayleigh air scattering. for
the present work bSp was used which is defined as

i} ) -4 -1
bsp = bscat 0.23 x 10 m

bScat is the value obtained directly from the nephelometer.
V3- (Dp < { um) is probably the most useful measure of submicron aerosol
volume since size segregating instruments, if incorporated into future air
monitoring networks, will probably not distinguish between V2 (0.01 um
Op < 0.1 um) and V3 (0.1 um < Dp < 1 um). However, since the nephelometer (12)
responds primarily to particles in the optical sub-range 0.2 um < Dp <2 um,
our studies have included both V3- and V3 for comparison.
A limitation of the Graecan et al. work is the use of averaged runs.
Most particle and nephelometer data are collected during ten-minute intervals
when, hopefully, conditions such as wind direction remain stable. The
temptation to use the two-hour averages (12 ten-minute runs) is particulariy
strong as an order of magnitude reduction in the number of points considered
is achieved. However, the penalty may outweigh the convenience in some
instances. For example, the two-hour average from 1600 - 1800 on September 25,
1973 at Rubidoux (Run #582) contains at least two 10-minute runs which bear
no resemblance to each other and should not be averaged (see Figure 3.12).
Additional statistical error is introduced by weighting averages
equally regardless of the time period.
Figure 3.13 is a plot of bsp vs. V3- for ACHEX | and other data. The
data points are plotted on log-log paper to get more resolution than
Figure 3.11B provides at low values of bsp and V3-. The format of the plot
was chosen based on discussions between Whitby and Charlson. The three

lines K = 9, 14, and 20 are used in the following equation:
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b ox 107 [m '] = v3- [umd/em’1/K (3-13)

sp

*The value K = 9 is the lowest value suggested by Charlson and also the value

used by Covert in his thesis for a geometric standard deviation o_=2, index of

refraction m=1.5, and white light. The value K=20 is thought to be the upper
limit that is possible based on the data reviewed by Charlson and Covert.
From Figure 3-13, it is seen that the Goldstone and Hunter Liggett data
fall within the suggested correlation band (9 < K < 20). Fresno and Harbor
Freeway data fall below and to the right of the central part of the band,
with a composite slope nearly parallél to the correlation band. The most
striking plot is the one of Pomona data. Whereas the other sites have
volumes lying within one decade or less, the Pomona volumes cover nearly one
and one half decades spanning all of the points recorded for Harbor Freeway,
Fresno, and Hunter Liggett. Another feature of the Pomona plot is that data
points lie both above and below the correlation band, having a composite
slope greater than one. The Pomona correlation coefficients for &n bS vS.
gn V3-, 2n bspvs.‘ln V3, and bsp vs. V3 are, moreover, the highest found for

any of the sites, 0.983, 0.987, and 0.951, respectively (see Table 3.5).

An inspection of the data and the log book revealed that:
1) Pomona
a. 10/5/72, Runs 86 - 96.
Runs 86 - 88
Only five bS

cat values were recorded for Run 86 and no Royco 220
counts were recorded for all three runs. Therefore these runs

should be discarded.

Run 89

Only three WAA, Royce 220, and Royco 245 ten minute averages were
recorded. |

Runs 92 ~ 96

All these runs have a lower bScat than expected. Run 96 is con-
sistent with Runs 92 - 95. For Run 96, there is some volume in

V2 and CNC, CO, HCT, and NO are all high indicating fresh aerosol
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TABLE 3-5

CORRELATION COEFFICIENTS FOR bsp VERSUS V3 OR V3-

3-34

moee mermits u b b
Site at Site hours vs V3- vs V3- Vs V} vs V3
Pomona (1972) 20 .983 .987 .951
Pomona (less 16 2 .953
last 4 points)
Goldstone R 3-14
Fresno 24 2 .925 .906 .938
Point Arguello 6 2 - 4
Hunter Liggett 4 6
" Harbor Freeway 25 1 -2 .856 .874
Total ACHEX ] 106 T - 14 .839
West Covina 25 2 -6
Pomona (1973) 18 2 -5 .877 .91
Rubidoux 24 ‘2 ~ 8
Dominguez Hills 18 2 -5 .839
Total ACHEX 1| 59 2 .944
(2-hr. averages)
Denver (1971) 14 20 min. -
13 hrs.
St. Louis
Ist intensive 19 2 .86
2nd intens}ve ‘
3rd Intensive 22 i .713
Lth intensive 33 ] .66
5th intensive 30 1
6th intensive 26 i
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below the optical range. In Pomona it was discovered that the

glass window between the nephelometer viewing volume and the light
source had lcosened causing a serious leak. It is speculated that
this hay have happened when the trailer was being towed from the
Hunter Liggett site, as the road was very rough and traversed a dry
river bed. The leak was fixed at Pomona after the intensive on
October 5, 1972 and before October 16, i1972. Therefore Runs 86 - 96
should be used with caution.

10/24/72, Runs 74 - 85,

Runs 74 - 85

During Run 74, visibility was reduced by fog. During the afternoon
the greatest amount of photochemical activity during ACHEX | was
monitored. These runs are typical of urban pollution.

Harbor Freeway

9/19/72, Runs 45 - 61.

All data points from the Harbor Freeway lie below the expected
correlation. The slope is the same as the expected correlation.
The location of the data on the plot is expected for data taken
with the wind from the freeway. For this case (Runs 54, 56 - 60),
the volume of the aerosol from the freeway {(about 17.1 um3/cm3 at
rush hour) is below the optical scattering range. Note that Run
54 was taken with the wind from the freeway at the rush hour and
is a data point among the farthest from the expected correlation.
Runs 49, 50, and 51 were obtained during the evening hours with
the wind from the general city area.

9/27/72, Runs 62 - 73.

Run 62

The wind was from the freeway; note the data point.

Runs 63 - 65

The wind was opposite the freeway at night. There is a much
better correlation than for Run 62.
Runs 66 - 67

The wind was cpposite the freeway but there was increased
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anthropogenic activity as people were driving to work.
Runs 68 - 73

The wind was from the freeway. For Runs 70 - 72, bscat is much
lower than the other runs. Log book notes visibility ~ 20 miles
at 16:00. At 12:00 the log book notes show visibility low to
the east but better to the west.

Consider the following:

Run V2/V3

68 0.174
69 0.317
70 0.600
71 0.584
72 0.814
73 0.609

As expected, Runs 70 - 72 with relatively high V2/V3 lie farther
below thc expected correlation. Run 73 is somewhat higher than

70 - 72, but still below Runs 68 and 69. For both episodes at the
Harbor Freeway the bScat values may be lower than the actual value
due to a leak in the nephelometer discussed in relation to the
Pomona data. |

Fresno

8/31/72, Runs 10 - 21,

All data points appear to be valid. University of Washington
nephelometer data are being sent to verify the data for this site.
Goldstone, Runs 46 and 47.

Runs 46 and 47 each contain only three 10 minute runs. Note data
point "I'" for aged aerosol. This is a good example of urban
district background.

Hunter Liggett

All data points appear valid.

Point Arguelilo

The accuracy of data from this site is difficult to analyze.

The background classifications proposed by Whitby are also shown
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on Figure 3-13 and presented in Table 3-6. The areas marked off on Figure

3-13 are just one way of interpreting Table 3-6. The collection and analysis
of additional data may lead to modification of Table 3-6.

Figure 3-14 is a plot of bsp vs. V3. The correlation coefficient for
bSp vs. V3 is 0.839 with all averages equally weighted.

To explain the large variation of K (V3-bsp) for the 1972 Pomona
data, an investigation of the optical scattering response of the integrating
nephe lometer was begun. The theoretical response of a spectral nephelometer
(A = 550 nm) to a white aerosol with refractive index 1.50 as a function
of mass mean radius and geometric standard deviation was numerically cal-

culated by Ensor and is shown in Figure 3-15. This relation exhibits a

minimum at a mass mean radius of 0.27 um (MMD = 0.54 um) with a K value of

3

16 ym~ - m/cm3 for a logarithmic normal distribution with Oq = ].  Below

a MMD = 0.4 um, K values increase rapidly to reach a value of 40 at MMD =
0.2 um.

To obtain a comparison between observed K and volume mean diameters and
the theoretical ones, it was necessary toc assume a particle density and
transform Figure 3-15 to a plot of K vs. DGY¥3. Particle density was assumed
to be unity and the abcissa of Figure 3-15 was converted to the abcissa of

" Figure 3-16 by the following relation:

DGV3 = 2 x mass mean radius | (3-1h)

K values were calculated using the relation

b, (3-15)

DGV3 was calculated by finding the geometric mean of the volume frequency

data at each point (DV vs.Dpi)* in the range 0.133 um <§Dp < 0.75 um.
]

K=V3 [um3/cm3]/bsp x 10

i
Preliminary work shows that including data at smailer D ;'S does not
change DGV3, but does increase 09. Inciuding data at larger Dpi's cause
an increase in the value of DGV3, due in scme part to contributions from

the upper volume mode. In later work, it may be possible to separate the

kS
Dpi is the particle diameter at the midpoint of a particie size range

measured by an instrument.
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TABLE 3-6

CATEGORIES OF AMBIENT AIR ENVIRONMENTS AND NUMERICAL VALUES
FOR THEIR PARAMETRIC DESCRIPTION

Aitken Total Submicron Scattering
Nucleli Volume Volume Coefficient Approx.
. NT, VT, V3-, becats U.S. Area
Aerosol Category no./cm um3/cm3 um3/cm3 m~1 x 105 x Time
Clean Continental 50-500 2-10 .5-3 .2-4 1/4
Background
Average Western 2K~5K 10-40 2-8 2-6 1/2
Continental
Background
Urban District 5K-10K 20-60 10-30 10-30 1/4
Background
Oceanic 200-400 1-2
Background
Urban Pollution IOOK—IOOOK 100-300 - 30-100 10-100
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Figure 3-14. Correiation of bSp vs. VY3 for ACHEX-1 Data.
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upper and lower modes of the volume distribution by fitting the data to a
function which is the sum of two log-normal functions. !f such a separation
of modes were possible, the true volume mean diameter (and og) of the lower
mode could be obtained.

On the basis of the preliminary work, the trend of increasing K values
with decreasing DGV3 is strongly confirmed by the Pomona data in Figure 3-16.
The slope of tﬁe Pdmona data in Figure 3-13 cannot be explained solely on
the basis of the correlation of K with DGV3, however. There is another
mechanism responsible for the observed decrease of DGV3 with decreasing V3-}

It is apparent from the Pomona plot (Figure 3-16) that the lTowest K
values are obtained for DGV3 in the neighborhood of 0.4 um. K ranges from
10 to 20 um3 - m/cm3 when DGV3 is between 0.3 um and 0.% uym. Higher K
vélues are obtained for DGV3 < 0.3 um. Figure 3-17 is the plot of K vs.

DGV3 for the Harbor Freeway. DGV3's are grouped below 0.3 um. Correspond-

ing K values are well above 20 um - m/cm3. Fresno data show DGV3's in the
range 0.3 um to 0.35 um and K values grouped between 20 and 30 um3 - m/cm3.
Thus, deviations from the suggested correlation band of b vs. V3 can be

scat
related to shifts by the mean volume diameter to higher or .lower sizes.

The adequacy of the theoretical curve shown in Figure 3-15 for describ-
ing the response of the broad band nephelometer to.atmospheric aerosols is
questionable in some details, but shows promise as the basis for a useful
continuous measurement of the submicron aerosol fraction. Later work may

include modifying Ensor's program to account for the broad band light scattering
and several refractive indices.
B. CHEMICAL PROPERTIES

The chemical composition of aerosols sampled in California is rather
complicated. Traces of a wide variety of materials are found in the
airborne particles. These components are distributed in different ways

according to particle size that reflects to their origins.

1. CHEMICAL COMPOSITION

The complexity of the chemistry of aerosol samples is illustrated
in the data listed in Table 3-7. Results of this are similar for most

urban and non-urban sampies in which the components, water soluble
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~Figure 3-16. Variation in \I3/bSp vs. DGV3 for the Pomona Data in 1972.
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Figure 3-17. Variation of V3/bSp vs. DGV3 for the Harbor Freeway Data.

3-43



VOLUME 1V ’ ‘ Science Center
Rockwell International

SC524,25FR

TABLE 3-7-
CHEMICAL COMPOSITION OF FILTER COLLECTED AEROSOL SAMPLES

Weight Percent

Non-Urban Urban
Pacific Coast* + ‘
_____ Constituent Offshore Desert Fresno Pomona
Al 2.8 2.4 2.4 0.99
Si 5.0 5.2 6.3 2.2
Na 3.6 0.71 0.40 1.1
Cl1 9.9 0.32 .19 0.51 ,
K 1.3 0.39 0.33 0.24
Ca 1.9 2.1 0.47 1.0
Ti 0.15 0.13 0.09 0.1
') N.D. 0.004 N.D. 0.008
Cr 0.02 N.D. 0.00528 0.013 o
Mn 0.04 0.028 0.025 0.025 L
Fe 1.6 1.4 1.03 0.86
Cu 0.6 0.028 0.0058 0.014
Zn 0.2 0.035 0.055 0.13
Br 0.2 0.059 0.098 0.36
Pb 0.4 0.017 0.42 1.6
| - -
304" 17.5 2.8 2.0 10.6
N03 5-7 305 3-8 20.2
NHu 2.2 1.7 1.5 9.1,
Non Carb € 3.0 N.D. 8.25""  u0.0™
Total (ug/m3) 30 L2.4 207 180

)L

‘Average of 20 sawples at San Nicolas Island(]3)
+Single 24 hour sample at Goldstone

++ .
Estimated as 5 x cyclohexane extractable organics
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sulate, nitrate, and non-carbonate carbon, with ammonium (and water) make
up a significant fraction of the total particulate mass coliected. To date,

comprehensive chemical analyses of aerosol samples have not proﬁided complete

identification of the total mass of aerosol.

An improvement in mass balance can be achieved assuming that N0; is
NHANO3’ SOL is NHhHSOQ, and the organic carbon is 1.2 (non-volatile carbon
+ volatile carbon + pyrolzable carbon)* or total elemental carbon measured
by the AIHL method; Si is contained as 20% of soil dust, and Pb is present
as PbBrCl. With such easily defendable assumptions, the material balance
for aerosol samples on total filters is improved substantially, as shown
for the 1973 mobile laboratory data in Table 3-8. Here, 60% to 80% of
the aerosol mass can be accounted for. |If scale factors for organic carbon
are employed to account for oxygen and hydrogen, and liquid water is con-
sidered at an approximate fraction of 10% of the mass, further improvements
in the mass balance can be achieved. Such considerations are discussed
in more detail in Chapter 10.

Several averages and range of constituents that are potentially important
to air quality are listed in Tables 3-1 and 3-2 for the ACHEX. These data
indicate that the South Coast Basin showed the highest levels of total
mass concentration, sulfates, nitrates, and lead during the study. Extreme
values of 7i ug!m3 of sulfate over a two-hour pericd were observed at
Rubidoux. At the same location, an extreme vaiue of 247 ug/m3 of nitrate
was found. Lead concentrations were somewhat higher in the South Coast
Basin than encountered elsewhere.

The twenty-four hour average sulfate and nitrate concentrations were
similar to those reported in the National Air Surveillance Network (NASN)
data. Some annual average values for the Los Angeles area are shown for
comparison in Table 3-9. The 1968 NASN data(]q) show larger annual
averaged sulfate in the west part of the city than we experienced, but

otherwise the results are remarkably similar. Thus, it is concluded that

*
Correction factor based on intercomparison between AIHL total carbon method

and DuPont thermal analyzer method; it does not include organic oxygen or
hydrogen.
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TABLE 3-8

SUMMATION OF TOTAL FILTER CONSTITUENTS (Continued)
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TABLE 3-9

‘ Science Center
Rockwell International

NASN NETWORK DATA FOR NITRATE AND SULFATE
IN THE SOUTH COAST BASIN FOR 1968

(ANNUAL 24-HR AVERAGE VALUES)a’b

=

50,

Sampling Location ug/m*> % of Mass
Long Beach 12.7 1.1
Los Angeles 10.2 7.9
Ontario 9.0 7.8
Riverside 8.3 7.2

a
From reference 14

SC524. 25FR
N03-
ug/m> %2 of Mass
5.7 5.0
7.7 6.0
9.1 7.9

10.2 8.8

bDéta based on geometric mean of 26 24-hour sampling periods
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the data obtained in the ACHEX are reasonably representative of long-term
conditions in the South Coast Basin, even though we scught cases where smog

was heavier than ''average''.

2. SHIZE DISTRIBUTION

The distribution of constituents with respect to particle size is an
important factor in the makeup of the aercsols. The ACHEX data were useful
in showing in detail distinct differences between material in certain particle
size ranges. This is illustrated in the curves shown in Figure 3-18 for
sulfate and nitrate. In all locations, sulfate was concentrated in particles
smaller than | um; sulfate generally was found in the submicron particles
smaller than nitrate, except for the Rubidoux area. This is indicated in
the tabulations of particle mean diameter listed in Table 3-10. Note in
Figure 3~-18 that the nitrate concentration is lower than sulfate except
on the east side of the Basin at Rubidoux.

it is not possible to account for the amount of sulfate and nitrate in
aerosc! samples from contributions of known primary sources. Therefore,
the ions are attributed to secondary production processes in the atmosphere
involving the oxidation of 502 and NOX.

Similar distributions for the fuel combustion related elements Pb and
Nickel are shown in Figure 3-19. Again these are concentrated in the submicron
fraction of the aerosol. Similarly, the data from the total filters and
the after filters indicated that most of the carbon in the aerosols was
found in the fraction less than 0.5 um in diameter. This conclusion agrees
with the earlier resuits of Mueller gg_gl,(]S)

Estimates of primary emissions of carbon in Los Angeles air cannot
account for more than a small fracfion of the carbon in the ambient aerosol.
Therefore, most of this material is deduced to be derived from atmospheric
reactions {see also Chapter X).

in contrast to the primary combustion (Pb, V, C) and secondary aerosol
constituents (SOZ, NO., C), the natural and gquasi-natural process dominated
elements such as Na, Si, and Al and Fe were found largely in the super-
micron particle portion. Such distributions are illustrated for these

elements in Figure 3-20.
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TABLE 3-10

MASS MEDIAN PARTICLE DIAMETER
SOUTH COAST AIR BASIN, 19736)

Nitrate Suifate

Sampliing Location (um) (ym)
Dominguez Hills

Oct 4-5 1.64 0.43

Oct 10-11 0.72 0.42
West Covina

July 23-24 1.13 0.34

July 26b) 0.62 < 0.22
Pomona

Aug 16-17 0.68 0.39
Rubidoux

Sept 5-6 0.33 0.33

Sept 18-19 G.34 0.43

aExcept as noted based on 24-hour average size distributions
obtained with the 5-stage Lundgren !mpactor.

blB-hour average, 0500-1800 hours.
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Figure 3-19. Mass Distributions of Ni and Pb with Particle Size.
When the Ni concentration was not detectable, the limit
of detectability was plotted with a downward arrow.
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The data for distribution of chemical elements illustrated in Figures
3-18 through 3-20 supply the hypothesis proposed in Figure 2-1 on the basis
of sketchy results obtained previously. In particular, for aerosol samples
in California, at least, there is substantial evidence confirming the prin-
cipal anthropogenic and secondary aerosol contribution to the submicron
fraction. The natural source materials such as sea salt and wind blown
dust, as traced by Na and Al for example, are heavily concentrated in the

large particle fraction.

3. LIQUID WATER CONTENT

Results derived by several means have shown the importance of
liquid water in aerosol behavior. The water filter results indicated that
the liquid water content of filter collected material over a period of 24
hours ranged from zero at the desert site of Goldstone to more than 30% of
the mass. Estimates of water content based on assumptions of the chemical
nature of the urban aerosol show a range of water content of the order of
10% or greater for filter collected material equilibrated to air at 50%
relative humidity or less, The humidified nephelometry results by the
University of Washington showed considerable evidence of hygroscopic
nature of California aerosols and their rapid equilibration with water
vapor.

The results taken from the microwave waterometer provided important
information about the changes in liquid water content with daily buildup
of aerosol mass concentration. Such results are well illustrated in
Figures 7-19 through 7-22 where semi-continuous mass concentration obser-
vations are shown with change in 1iquid water content. Even with a decrease
in the relative humidity, the liquid water content closely follows the buildup
and decrease in mass concentration. The question'of the importance of

liquid water is discussed in more detail in Chapter IX.

L.- ROLE OF AMMONIA
Traces of ammonia are present in the atmosphere in quantities sufficient
to neutralize strong acids in the aerosol for many cases (for'example, see the

ACHEX data in Volume 111). The hypothesis that sulfate and nitrate are-
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largely present as ammonium salits in California was tested for several
cases of ACHEX. The calculations are shown in Table 3-il. For
these calculations, it was assumed that NO. and SO: are present as NHANO

3
and (NHQ)ZSOh' The results for the 24-hour high volume filter samples

3
suggest thal, on the average, 85% of these anions can be accounted for in
terms of ammonium salts. By assuming ammonium acid sulfate, the balance
could be improved. Indeed, the assumption that SOZ and NG; are present as
NHMNQ3 and NHhHSQM orovides the framework for much of the subsequent dis-
cussion of aerosol behavicor. The preoportion of apparent ammonium salts

present is not, however, readily predictable from the gas phase NH3 Tevels.

Tabje 3-12 includes 24-hour average NH, values calculated from samples col-

lected for 2 or kh-hour periods. In adzétéon the corresponding SOz and NO;
levels are given together with the calculated concentration of NH3 needed
to just neutralize the sulfate and nitrate assumed to be present as the
acids. The ratio of observed to calculated minimum NH3 was always - 1 but
dispiaved no apparent correlation with the proportion of ammonium salts

hown in Table 3-11. This mav reflect the significance of cations other

("4}

4 =

: + +
than H' and NH, {e.g., Na }.

5, SOURCE DOMINATED AND RECEPTOR CHEMiSTRY

The sampling devoted to establishing differences between areas far
from major sources and those dominated by nearby emissions was useful in
making some distinctions between regions. The results, for example, taken
at the Harbor Freewav can be compared with one another for the contribution
of motor vehicle exhaust vs. the receptor mixture at the same site by
examining data corresponding to wind blowing from the freeway vs. wind blowing
towards the freeway. Such resuits are shown in Table 3-13. Qualitatively,
the influence of autc exhaust is evident in the lead halides and reduced
sulfur. However, taking the difference between the two cases for other
constituents reveals an uncertain influence of the fresh freeway emissions
on the general aerosol burden in the downtown area, despite the flact that
auto exhaust is known to contain traces of several of the materials listed.
Thus, the development of an autc exhaust aerosol contribution requires further
consideration than simplie comparisons shown in Table 3-13. Such an analysis
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COMPARISON OF THEORETICAL AND EXPERIMENTAL AMMONIUM VALUES

Harbor Freeway
Pasadena

West Covina
Pomona - 1972
Pomona - 1973
Riverside
Rubidoux
Dominguez Hills

Pt. Arguelio
Goldstone
Hunter Liggett
S.F. Airport
Richmond
Fresno

San Jose

AVERAGE

No. of

Samples

Rwsl UV Sov N

SN N = ok o

VOLUME 1tV

TABLE 3-11

AT URBAN S1TES (2

Expected NHQ+
Based on
NO3~ and $0,7

Present(b)

L.0

NI OV O
LU VO WO

) =t =t e O N
OOl OWwWWw~y

o\

Science Center
Rockwell international

SC524.25FR

Observed NHq+
As % of
Expected

103
82

131

125
71

106
78

85

aAna]ysesvon hi-vol samples collected on Whatman-41 fiiters.

bAssuming the composition (NH,),S0y, and NHLNOj.
The units are ug/m3.
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TABLE 3-12
AMMONITA CONCENTRATIONS vs OBSERVED NH1++ AT NONURBAN SITES
(ng/m3)
Obs. NHy@
_ _ . Calc.®  Obs. NHg/ (As % of

Site NH4 SOy NO3 NHy, NH=2 Calc. NHz Expected)
Pt. Arguello 9.7+2.8 6.5 0.99 0.36 2.57 3.8 131
Goldstone 4.6+0.9 1.20 1.50 0.71 0.84 5.5 79
Fresno 15.6x4.7 3.59 7.67 3.8 3.37 4.6 : 106

®The concentration of NH3 just required to neutralize SO, and NOj3
assuming their presence as H,530, and HNOj.
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TABLE 3-13

AFTER FILTER CHEMISTRY FOR SAMPLES OBTAINED
NEAR THE HARBOR FREEWAY SEPTEMBER 20, 1972

(ng/m3)
Species Auto Exhaust Dominated Mid-Town Mixed Aerosol
0500-0700 PST 0700-0900 PST
Al 0.0334+0.0099 - -
Br 6.32+0.14 . - 1.65+0.070
Ca 0.097+0.02% 0.174+0.023
C1 3.1920.10 0.963+0.061
Fe 0.112+0.005 0.235+0.009
Na 0.136+0.032 - 0.168+0.0276
Pb 13.3+0.5 - 5.75%0.23
v 0.00712+0.00712 - 0.00821+0.00031
Zn 0.094 - 0.109+0.004
st 1.20£0.3 1.630.30
s 1.50%0.3 | 0.48:0.09
c - - 26.L4xxh 0
Mass 68.617.6 58.4+6.4

* ‘
Based on total filter (silver membrane)
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TABLE 3-14

OVERALL AVERAGED ANALYSIS FOR CHEMICAL
CONSTITUENTS OF SAN NICOLAS iSLAND AEROSOL
(BAS1S 30 ug/m3 OF PARTICLE CONCENTRATION)

Constituent Percent by weighta
Al 2.8  {+50%)
Si 5.0 (+50%)
Na 3.6 {+5%)
P N.D.D
cl 9.9  (x10%)
K 1.3 (*25%)
Ca 1.9 (%25%)
Ti 0.15 (+20%)
v N.D.
Cr 0.02 (x20%)
Mn 04 (£20%)
Fe 1.6 (+20%)
Cu 0.6  (+20%)
in 0.2 (x20%)
Br 0.2 {#20%)
Pb ©0.h (x20%)
| N.D.
S0L= 17.5  (x10%)
NO 3~ 5.7  (£10%)
NH, ™ 2.2 (x10%)

Total organics

accounted for 53.1

Cyclohexane soluble 20 (£10%)

(organics)

Non-carbonate carbon 3.0

Sum of constituents. 56.1

Total ash content (TAC) 74.6

Loss on ignition (100-TAC) 25.4

a . . .
Percentage in parentheses is error estimated by
analyst; x-ray fluorescence for a-particle ex-
citation only.

bN.D. is less than minimum detectable concentration.
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is given in Chapter X. _

By similar arguments, the impact of groups of stationary sources po-
tentially can be examined using the data taken at Dominguez Hills. Shown
in Table 3-15 are three illustrative cases corresponding periods of markedly
different wind directions. Toward the south of the sampling site were
chemical works mixed with refineries further distant. To the west is a
large refinery complex and a major freeway. To the northeast is the general
urban mix of Los Angeles, with a nearby oil field. The data tabulated show,
as in Table 3-13, that the variations between samples transported from
different wind directions are relatively small. As expected, such elements
as vanadium and nickel appear to be larger in concentration from the stationary
source dominated areas. Considerably more ground level sulfate was observed
from the chemical plant to the south than from the west. However, the
reverse was apparently true in the case for nitrate. For unknown reasons,
there is significantly more fodine‘from the south than from the west. The
lead concentration is significantly higher in air drifting in from the north-
east, as was the total mass concentration. Yet the sulfate concentration
was surprisingly low.

There are marked differences between the freeway aerosols sampled in
1972 and the Dominguez Hills material, partfcularly in Al, Ca, Fe, Na, and
V. , ’

The complexity of the data taken at such source dominated sites is
difficult to interpret, and it is necessary to continue to rely heavily on
emission inventory data to understand the origins of such material.

From the results cited for illustration, it is not surprising that
receptor sites ''see' an aerosol that represents an extremely complex
mixture of airborne particles that will vary from time to time, depending
on transport and atmospheric chemistry., The interpretation of such data
in terms of sources requires considerable insight into the aerometric con-

ditions of an air basin, which is discussed in more detaijl in Chapter X.

C. AEROSOL BACKGROUND

An Important factor in the development of control strategy for
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TOTAL FILTER CHEMICAL ANALYSIS OF SELECTED CASES

AT DOMINGUEZ HILLS (in ug/m3)

South Wind (WK)

Species 1000-1200 PST
Na 2.42+0.113
Mg N.D.

Al 1.50+0.063
Si 2.180.5

Cl 0.156+0.053
K 0.355+0.063
Ca 1.18+0.49
T 0.12620.49

¥ 0.0592+0.0018
Cr tr

Mn 0.0267+0.0017
fe 1.0120.04
Ni 0.047+D.003
Cu 0.021+0.003
Zn 0.142+0.006
Br 0.154+0.00k4

- Pd tr
! 0.0142+0.00096
Ba 0.0540+0.0111
Hg tr
Pb 1.28+0.05
NO4 3.58+0.358
SOy 50.3%5.03
C* 14,1
Mass 142+71.57

“Based on sum of CPR + CNV + CVL

West Wind (WL)

1200- 1400 PST

1.20+0.097
N.D.
0.521+0.035
1.2:0.6
0.30+0.056

0.22+0.068
0.569+0.273
0.0811+0.0298
0.0487+0.0018
tr

0.0145+0.0013
0.561+0.022
0.080+0.00L
0.013+0.003
0.099+0.004

1.78+0.0051
N.D.
0.0059+0.00066
tr
tr

1.1320.050
1.72
11.8

66.1
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(Variable) North/
Northeast Wind (WL/WK)

0100-0600 PST

0.6
1.2

+ I+

1.2
3.5
0.547+0.035
1.16+0.06
0.165+0.042
tr
0.015+0.004

0.043+0.003
1.57+0.06
0.022+0.002
0.029+0.002
0.200+0.008

2.16+0.09

N.D.

6.030.24
7.31+0.73
2.33:0.23

205+1.5
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California air basins is the aerosol background. The effective background
may be sufficiently large in many cases to be a major fraction of the overall
aerosol burden.

The 'background" is somewhat difficult to define because it represents
-a combination of material coming from natural sources such as marine aerosol
from evaporated sea water droplets, wind blown soil dust, and aged aerosol
from many distant origins mixed with fresh material.

Part of the ACHEX was designed to provide some information about all
three of these components. The desert background has been studied by con-
sidering the phenomenology of the Goldstone results in 1972. The discussion
of this study is given in Appendix A.

The distinction between an urban aerosol and a background aerosol of
simple origins such as a marine aerosol can be illustrated well in results
obtained from the analysis of samples taken at San Nicolas Island in 1970.
San Nicolas Island (SNI) is located a distance of 120 km almost directly
west of Los Angeles and represents a useful background station for air enter-
ing the South Coast Basin.

Shown in Figure 3-21 is a bar diagram of the concentration of several
species found in the San Nicolas aerosol compared with calculated values

(16)

for the Los Aﬁgeies background given by Miller et al. and made up
exclusively of sea salt and soil dust. There is agreement between the SNI
data and the estimated background for only some constituents. Notable de-
partures are found between sulfate and nitrate, as well as copper. In

the latter case, the Cu at SNI values are believed to be far too high from
contamination by aerosols generated in the hi-vol motor. In any case, one
can see the striking diffeciences between the Pasadena/urban aerosol and
the SNI material.

The SN!1 aerosol composition represents a useful point of departure for
defining an aged aerosol background for Southern California, where the
marine air normally Influences much of the Los Angeles Basin. A useful average
value of this background aeroscl concentration is 30 ug/m3. For such an
example, the average composition is listed in Table 3-14.

It is expected that the background aerosol will tend to change in its
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S Pasadena- Los‘ Angeles

B2 San Nicolas Island

" sea Salt + Soil Dust -
(Miller et al.)

Zn K_ Ca Br

ug/0, 2m3

ug/5m

Figure 3-21. Comparison Between Trace Material Concentration in the Los
Angeles Atmosphere and the Offshore Background on San Nicolas Island.
Data for Average Concentrations in Pasadena Were Based on Results in
1969 Reported by Miller g,_i_:_gl_.(lﬁ) » except for S04~ and NO;~ Which
Were Average Values from the National Aijr Surveillance Network.
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chemical character eastward away from the ocean. This appears to be the
case, as indicated by examination of some of the ACHEX chemistry. For
example, it was found that a general depletion in sodium away from the sea
was accompanied by a substantial increase in aluminum inland. The contri-
bution of material of continental origins high in K and Ca relative to sea
water also shows a systematic shift with distance from the ocean. These
effects are illustrated in Figures 3-22 and 3-23, where the Ca/Na and K/Na
ratios are plotted for the 1972 ACHEX data. Both of these ratijos increase
with distance from the ocean, with an approach toward the ratios expected
for crustal rock.

Since there is a clear heterogeneity in the character of the background
aerosol, with the exception of the secondary constituents, it appears that
the most suitable definition for thfs material remains in terms of that
attributed to sea salt (sodium tracer) and soil dust (silicon or aluminum
tracer).

Perhaps most important to the development of control strategy for the
South Coast Basin is the establishment of the background for sulfate,
nitrate, and organic carbon. From the comparison in Figure 3-21, these
contributions to the background are important by mass to the urban aerosol
and should be defined as well as possible for existing measurements.

A recent survey by'Trijonis(]7) has summarized the present knowledge
of background sulfate, nitrate, and organic (solvent extractable) carbon.
His tabulation is given in Table 3-16. These results show the widest
variations in sulfate, but nitrate and organic carbon are similar for a
number of marine dominated and desert sites. The high values of sulfate
found in earlier data of Halzunt aré believed to be non-representative of
present conditions and are discounted here.

On the basis of the available data, it is recommended that the follow-
ing values be used for the secondary background in ug/m3:

Estimated Range Adopted Value

Total .mass concentration 20 - 30 30
Sulfate (water soluble) - 3- 5 b
Nitrate (water soluble) 1 - 3 2
Organics (solvent extractable) 3- 5 L

3-64




Ca/Na

VOLUME 1V ’ ‘ Sclence Center
Rockwell International

SC524 25FR
100
- H it III] ¥ I 7TT7T17 TT[ l T T 11 lll[ | I TTTTTE
— —
p— g
- -
— @ Point Arguello —
- O San Pable .
- A\ San Francisco Airport —
@ Harbor Freeway
— @ Hunter-Liggett n
& San Jose
¢ Pasadena
10— | ® Riverside —
- 7 Fresnc -
'~ | O Goldstone -
- A Pomona ,4
- ”
O
- -~ ”~
-~
-~
#  carth's o
i— crust
- (108) O
sand . , _
™ Hawaiian Marine PR ~
— Aerasol (107) . g : @ -
N : - # peath Valley San Gabriel
(106) Soil (16)
A
Nebraska -
(106)
Ca/Na = .0900 D" -
95% confidence interval —
Il o1 gernd 1ol Lot el [ R
A 1 10 100 1000

0 = Distance from Ocean

Figure 3-22. Variation. in the Cu/Na Ratio with Distance from the Ocean.
References are in parentheses,

3-65



VOLUME 1V ‘ Science Center
Rockwall international

SC524 ,25FR.
]Or— T T lll]l‘] T I ]ll]ll] 1 ] 'l]lll] T ' TTTTTH
— | @ Point Arguello -
— | O San Pablo Death Valley -
— | /A San Francisco Airport (106) -
@® Harbor Freeway

~ | B Hunter-Liggett San Gabriel Soil B
® San Jose (16) ®
& Pasadena ’

Tt—| & Pomona Wy
- | @ Riverside @ 0 eg"‘:sts—
[ | O Fresno o
t— | O Goldstone 3 8 ‘ O (108) 7

2 L L _
> . A ©® Nebraska —
~ (106) 7

®

= Hawaiian Marine O 3
— Aerosol (107) —
- -
. ® 3
e €2 Water O -

K/Na = .0429 p-52] -
R = .783

o1 Lot L1 1l Lol L 1 it

2 1 10 100 1000

D = Distance from Ocean, Km

Figure 3-23. Variation in the K/Na Ratio with Distance From the Ocean.

3-66




Location

MARINE ENVIRONMENT

Crescent City
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(Lighthouse)
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TABLE 3-1§

SUSPENDED PARTICULATE MEASUREMENTS
AT NONURBAN CALIFORNIA LOCATIONS
(FROM TRIJONIS, REFERENCE 17)

Average Suspended Particulates

Date Number 3
Source of —(ug/m )_
(Reference) Samples Total 50, NO 2 Organics
b
? 24 8 132 2.3 5.5
b
3 L6 184 13.8 1.0 4.1
b
& 28 291 18.6 2.2 2.5
9 9 69 8.4 2.0 3.6
8 22 30 5.3 1.7 0.6°
10 1 129 6.2 0.4 4,5°
1o i 185 6.5 1.0 3.3¢
1 49 sy 2.4 0.k 2.5
5 ]"‘0 3]:': 3.3* 2.9% 3.1’7.:b
5 142 LEx 4. 5* 4.0 3.5_}:b
5 145 6i* 5.7% 3.6 lhz;v:b
5 il“] 38* 3‘3)‘: 2.I+-); l*. i_’-.‘.b
5 141 Ly 3.8% 2.8 L. ‘,‘:b
10 2 L6 1.7 1.6 4.0°

N

“Geometric Means

bExtracted with Benzene

CExtracted with Cyclohexane
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IV. PATTERNS OF DAILY CHANGE IN AEROMETRIC PARAMETERS

A number of the features of aerosol behavior are seen best by considering
the diurnal patterns of change that took place during key episodes which were
investigated. The purpose of this section is to provide a description of the
highlights of several runs to establish the ground work for a detailed dis-
cussion of the elements of the secondary production mechanisms. First, a
review is given of the episodes chosen to be of high priority interest in 1972,

then a description of several 1973 cases is given.

A. SELECTED EPiISODES FROM THE 1972 PROGRAM
1. POMONA - OCTOBER 24 AND 25, 1972 |

This particular episode was chosen for specially detailed examination,
because it was the day with the highest oxidant levels observed during the
fall of 1972 in the South Coast Basin; and, at the same time, it was the day
that the highest extinction coefficient values were measured. The period
is also of interest because it was the day that the MRI Ajircraft program was
making measurements, and the Metronics tracer study was underway. 1n general,
the meteorology of the day has been discussed in Volume 11, Section VI, but
one important feature of the wind is of interest from the standpoint of the
mobile laboratory results. There was a wind shift in the early morning on
this day. Between 0800 and 0900, the winds were from the southeast. Later,
about 1030, the wind shifted to bring air from the west-southwest sectof into
the Los Angeles County Fairgrounds. 1In general, the winds on that day were
quite light at the surface, about 5 to 7 km/hr.

The aerometric data for pollutant gases for Pomona on October 24 are
shown in Figure 4-1. Early in the morning, accompanying the southeast winds,
the C0, total hydrocarbon, methane, and NO levels were relatively high, and
all reached a minimum value about the time the wind shifted around to the
west. NO2 measured on this day was high in the morning hours when the wind
was from the southeast; it then showed a minimum with the wind shift; and
later, a second maximum, in the new air coming from the west. The data indi-
cate that the air coming from the southeast was probably polluted by early

morning vehicle traffic on the San Bernardino Freeway, just a couple of miles
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Figure 4-1. Diurnal Patterns of Pollutant Gases Taken at Pomona
on October 24-25, 1972 (Sheet 1 of 2)
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Figure 4-1. Diurnal Patterns of Pollutant Gases Taken at Pomona
on October 24-25, 1972 (Sheet 2 of 2)
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south of the site. With the wind shift in the early morning hours, the ozone
level systematically increased to a maximum value of 0.24 ppm at 1400 PST.
Thé early morning hours were accompanied by rather high humidity. During the
later portion of the day, the air became drier, with an accompanying decrease
in relative humidity. The mirrors in the dewpoint hygrometers in both the
mobile laboratory and the University of Washington van were later found to be
pitted. Therefore, the relgtive humidity measurements accompanying the data
are not considered to be quantitatively accurate; however, qualitatively, the
changes noted should be useful. The relative humidity results are expected
to be systematically low by 10% or more.

In Figure 4-2, the diurnal changes in aerosol parameters for the October
24 period in Pomona are shown. Aitken nuclei population showed an early morn-
ing maximum of ~ 1.6 x 105 particles/cc, gradually dropping off to a minimum
in midmorning, with a second series of maxima late in the day, probably re-
lated to local traffic or other combustion sources. Perhaps the most inter-
esting feature of this episode is the very strong increase in early morning

of the integral scattering parameter, b followed by a systematic drop

later in the day. This was accompanied gita maximum in the total surface
area concentration and the volume fraction of aerosols. The maximum in the
large aerosol particies in the aerosol distribution, as reflected by these
parameters, accompanied the maximum in NO2 level, but was not correlated at
all with the maximum ozone concentration during the day. Despite the fact
that there was a significant amount of photochemical activity during this day,
the growth in the large aerosols, presumably from chemical transformations,
was uncorrelated in time with ozone. It is in contrast to the ''simple"
picture obtained in Pasadena in 1969, where photochemical aeroscl was charac-

terized by a maximum in bS accompanying the maximum in oxidant level at

cat
midday.

The diurnal curves for the chemical species are shown in Figure 4-3. As
at the Harbor Freeway, lead and bromine correspond well during the day. The
total mass of aerosol on the after filter shows a maximum that is broad during
morning and midday followed by a decrease in late afterncon. In this case,

in a pattern similar to the development of the light scattering coefficient,
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Diurnal Patterns of Aerosol Parameters Taken at Pomona on
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bscat’ lead, as well as the after filter mass, are high in the early morning on
October 24 and decrease to a low level during the day. As with mass, the
Pb and Br decrease to a lower level during the day, but there is a second max-
imum in lead and bromine by late in the afternoon. The lead and bromine are
high'along with high CO and NO in early morning. Later, with the wind shift,
these elements are observed to decrease. On the other hand, the zinc and iron
show high concentration in the morning with the total mass, and decrease to a
low level during the day. The oxidized sul fur and reduced sul fur are also
shown in Figure 4-3. The oxidized sulfur levels, in contrast to the Harbor
Freeway, are considerably higher than those for the reduced sulfur: In the
early morning, there is a high concentration in oxidized sulfur, decreasing
in the morning, but returning to a second maximum in the midafternoon. The
decrease is associated with the behavior of some of the trace gases, like CO,
NO, and N02. ,

The total carbon measurement for Pomona showed a morning maximum, but in-
terestingly enough, there is a general pattern of decrease in the afternoon
to a low level by the end of the day. The ammonia diurnal pattern shows a
morning maximum, and a later decrease in midafternoon, with a second peak
developing in the evening hours. The correlation between ammonia and lead
could indicate an automobile source for ammonia on this day. Of course, it
is also possible that the ammonia was brought in from an area with a large
cattle population (between Pomona and Los Angeles), with the same air mass
that transports the aged aerosol from Los Angeles. A reinforcement of the
correlation of ammonia concentrations with automobile exhaust products comes
from a model constructed by BAAPCD. Based on data from the LAAPCD giving
auto exhaust emissions of ammonia per gallons of gasoline consumed and a
computer prediction of ambient concentrations based on source emissions, the
BAAPCD has predicted ammonia levels in the Bay Area which are within a factor
of 2 to 3 of those found in the present study (Levaggi, private communication).
Thus, in areas where natural sources of ammonia are of reduced importance,

auto exhaust may be an important source of the ammonia found.
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2. SOUTH COAST BASIN - SEPTEMBER 20 AND 21, 1972

This episode was selected because it represented a case of rather dry air
being present in the South Coast Basin, with a mild Santa Ana condition pre-
venting a smog buiidup in the eastern and northern part of the basin.

The measurements taken at the Harbor Freeway should refiect a strong con-
tribution from automobile emissions, without the complicating effect of strong
chemical transformations. This day was also of interest in that MRl and
Metronics were conducting their respective experiments. The results taken at
the Harbor Freeway were particularly interesting because of two periods:

(1) between 0700 and 0900 and (2) an extended period during the midday, when
the winds were blowing directly across the Harbor Freeway toward the trailer.
There were one or two other conditions, when the wind reversed and blew more
aged aerosol from downtown back across the trailer, giving an interesting and
useful comparison of aerometric conditions. The diurnal plots for the Harbor
Freeway, Pasadena, and Riverside for September 20, shown in Figure L-4, a
through k, represent 10-minute average data, as plotted directly from the com-
puter output. The data indicate particularly high levels of NO and CO when the
wind was blowing from the freeway. Also, the ratio of ethylene and acetylene
was quite high at the Harbor Freeway; they were found to be essentially unity.
Interestingly enough, this location showed the lowest oxidant maximum and ozone
level observed during the program; the level observed here was even lower than
for the background sites. Of course, this was probably due to the reaction of
ozone - the scavenging of ozcne by the high concentrations of NO from motor
vehicle traffic. The results from Pasadena and Riverside on this day indicate
systematicaily low levels of pollutant gases. There appears to be some corre-
spondence between data from different sites for some of the pollutants, whereas,
little correspondence is observed for some of the others. The aerosol measure-
ments indicate that the day was quite clean.

) The Aitken nuclei population at the various locations was of thi or?er

i0 to 105 particies/cc or lower. bScat was in the range of 1 x 10 ' m

representing a day with quite high visibility.

?

The 502 data measured by the Varian instrument on the trailer indicate

very strong oscillations in SO2 concentrations during the day, reaching the

4-8
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Figure L-4, Dirunal Patterns for Riverside, Pasadena, and
Harbor Freeway on September 20-21, 1972 (Sheet 9 of 11)
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highest concentration observed during our stay in the South Coast Basin
(~0.12 to 0.13 ppm SOZ). In contrast, the SO, levels were below the limit
of detectability at Riverside, and reached and exceeded the nominal detection
limit at the Pasadena station only a few times during this day. In general
during this period, one sees that the concentration of total sulfur in the
atmosphere remained below or near 10 ppb away from areas dominated by local
sources. The Varian chromatograph essentially measured nc HZS within the
limits of detection at any of the locations in the South Coast Basin.

The diurnal plots of heavy elements, as measured by LBL x-ray fluorescence
for the Harbor Freeway, Pasadena and Riverside, September 20, are shown in
Figures 4-5 through 4-7. Samples of the inorganic fraction at the Harbor
Freeway are shown in Figure 4-5A. In these data, there are very marked changes
during the day in the filter-collected aerosols. In the case of the total
filter (from the trailer) and the after filter (on the Lundgren impactors),
the lead patterns show a very strong peak in early morning and in the evenings
that is associated with the heaviest traffic during the day at the freeway.

On the other hand, the zinc and iron show somewhat different behavior. In
particular, the iron shows a midday peak.

The data are particularly useful when one considers wind patterns. It
is of interest, for example, that the 0700 to 0900 period in the morning was
a case where the wind was blowing from the freeway most of the time. During
the midday, the wind was again blowing directly from the freeway; but there
were cases before 0700 to 0900 and after 1800 where the wind shifted to come
from the east or southeast.

in Figure 4-5B, the patterns of oxidized and reduced suifur are shown
along with oxidized and reduced nitrogen compounds. It can be seen in these
data that there is a suggestion that reduced sulfur on the total filters is
related to the automobile with a strong morning peak. There is little corre-
spondence between the oxidized sulfur and the reduced sulfur. At the freeway,
the particulate sulfur content was quite large, and interestingly enough, the
reduced sulfur concentration through the morning and evening hours was approx-
imately the same as the oxidized sulfur. In the case of the nitrogen com-

pounds , the ESCA analysis indicates that the reduced nitrogen concentrations
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were substantially higher at the freeway than the oxidized nitrogen content.
This is particularly interesting in view of the early results that were taken
in 1969 in Pasadena, where a somewhat similar pattern emerged.

Concentration of total carbon, as measured from the silver membrane
filters, is shown in Figure 4-5B. There is the appearance of a midday maximum
in total carbon! Comparison between the cyclohexane-extractable organic
fraction and the amount of total carbon present in the aerosol, as measured by
essentially a combustion technique, indicates an important difference in the
data. That is, the total carbon contained in the aerosol at locations like the
Harbor Freeway, as well as other locations in the South Coast Basin, shows
substantially higher total carbon content than that measured by the cyclo-
hexane extract. A similar pattern was found indirectly in the results taken
in 1969 in Pasadena. The difference between the benzene solvent extract con-
centration from the NASN and the total carbon was not as great at that time.

A set of data for total filters and after filters in Pasadena for
September 20.is indicated in Figure 4-6. In this case, the maximum lead
concentrations are seen to be observed at night with a general decrgase in the
morning hours, followed by a weak maximum by midday. The bromine again follows
the lead, and there appears to be some correlation between iron and zinc for
the total filter. |In the after filters a similar pattern is observed except
that, in this case, the iron and zinc show less of a corresponding behavior
to the lead and bromine combination.

At Riverside on September 20, the pattern of lead and bromine behévior
shows a midday minimum, similar to that in Pasadena on this day (Figure 4-7).
Similarly, the zinc and manganese curves show a pattern that corresponds
reasonably well with lead and bromine; however, ifon and calcium are somewhat
different In their behavior, and their concentrations are significantly higher

than those observed in Pasadena.

Nuclei Production and Motor Vehicles

The evaluation of the trace gas measurements at the Harbor Freeway as
illustrated adds further complexity to the interpretation of aerosol data at
this locatlon. As an example, consider the observations of condensation

(Aitken) nuclei concentration at the Freeway. During the midday on
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September 20, the nuclei counts were observed to fluctuate but generally
exceeded 10 partic!es/cmB. There is a body of evidence indicating that véry
high nuclel concentrations are attributable to '"'primary' emissions from
combustion sources, including the automobile. During the midday on September 20,
the wind was steady from the sector 220 to 260° (SW-W); but Burton(]8) has
found that there is only a weak correlation between the condensation nuclei
variation and the changes in acetylene concentration, a hydrocarbon gas identi-
fied principally with auto exhaust. This indicates that the very high nuclei
populations at the Freeway were dominated at times by sources other than the
auto traffic adjacent to the mobile laboratory. |

It alsc is interesting that the exceedingly high nuclei concentrations
accompany the high concentrations of SO, in midday that could not be explained
by the local auto traffic patterns. )

A survey of potential alternate sources for the Aitken nuclei suggests
that they may come from a local stationary source or from advection of air
masses polluted by heavy traffic further west, say, for example, earlier in
the day at the San Diego Freeway, by aircraft emissions at Los Angeles Inter-
national Airport, by emissions from the refinery-chemical plant complex at
El Segundo, or by the Scattergood power plant complex at El Segundo.

Based on the west to southwest winds on September 20, ~ 3 to 3-1/2 hour
would have been required to traverse the distance from El Segundc to the
Harbor Freewav locaticn. At Aitken nuclei concentrations of 7 x 10
particles/cmB, the thermal coagulation rate of particles is significant. Thus,
primary emissions of particles would have to be unrealistically high at sources
to the west to retain the concentrations observed at the Freeway. No local
sources for nuclei have been identified immediately to the west of the Freeway
site at this point. It then would appear that the alternate possibility that
the nuclei are being produced in the advected polluted air mass by chemical
transformations must be considered. This process of particle production was
ruled out in Los Angeles earlier on the basis of experiments in Pasadena in

1969 [Husar e_t_i]_' (62) and Hidy ﬂ_ﬂ(lﬂ)]

These experiments showed indi-
rectly that growth by atmospheric chemical processes tock place primarily on

particles in the 0.1 to 1.0 um size range. The new Harbor Freeway data,
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however, show that the extremely high nuclei production by heteromolecular
processes linked to oxidation of S0, (for example) cannot be ruled out in the

Los Angeles Basin, particularly in the western portion. Further work is re-

quired to clarify this point.

3. SOUTH COAST BASIN - OCTOBER 5 AND 6, 1972
This is the second episode chosen in the fall of 1972 in which all three

of the South Coast Basin stations were running an intensive experiment on the
same day. |In this case, the mobile laboratory was at Pomona, so the results
reflect an aerometric survey from west to east - beginning with Pasadena, then
at Pomona, and finally reaching Riverside. Again, this day was characterized,
as discussed in Volume |11, Section VI, by mild Santa Ana conditions, good
visibility, and reasonably dry, desertlike air. It represents, as
September 20 did, a case of very low photochemical smog activity. The diurnal
curves are shown in Figure 4-8. The winds in the eastern portion of the basin

during midday reached 12 to 18 km/hr, while Pasadena remained quite calm. The

values of bS in general, were less than 10-3 mhl. Pomona and Riverside

showed a max?;Em in the morning hours. No systematic diurnal activity in
bscat for the three stations was observed on this day. |

The ozone levels were very low at all three stations, but the classical
midday peak was observed. The Pomona and Riverside peaks appeared to be some-
what broader than the peak at Pasadena. The NO2 concentrations were generally
low at all three stations. Of considerable Interest, however, is the fact
that there appear to be conditions at times, where a morning maximum of
NO2 is followed by a secondary peak of NO2 later in the day. This is
particularly marked in the Pasadena data. It is not understood, at this time,
why there is a secondary maximum in NO2 late in the day. The NO concentra-
tions on this day were generally quite low, with a morning maximum at essen-
tially similar times at Riverside, Pomona, and Pasadena, with a significant
increase in NO late at night at Pasadena which did not occur at the other
stations. Total hydrocarbon data indicate a peak in total hydrocarbon con-
centration accompanying the NO peak. Similarly, the CO peaks out in the early
morning and in the evening, presumably from the increased heavy traffic, re-

flecting local traffic patterns, surround the three stations. The condensation
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nuclei patterns indicate the early morning peaks associated with motor vehicle
traffic and increased anthropogenic activity related to combustion. The values,
in general, were “’105 particles/cc. The secondary weak maximum was observed,
particularly in Riverside and Pasadena, in the evening. Essentially no system-
atic particle growth in the large particle range was seen on this day, which
is expected if there is a strong contribution of photochemical aerosol to the
growth of the large particle fraction during the daylight hours.

Figure 4-9 shows the patterns for the heavy elements in Pomona on
October 5 and 6. Here the lead and bromine show a strong peak with the morning
traffic, and a minimum at midday. Zinc appears to follow lead and bromine
reasonably well; however, the iron and calcium appear to be somewhat less well

correlated with the lead. |In any case, all of the heavy elements show the

morning maximum on this day.

4. BACKGROUND MEASUREMENTS

The measurement of background conditions are of considerable interest in
the establishment of baseline data for air pollution in the State of California.
Three different background locations were selected for this program. The first
was in a remote area just east of the Big Sur region, on the Hunter?Liggett
Military Reservation. |t was chosen to seek diurnal changes related to
emissions of hydrocarbon vapors from vegetation in a fairly dry, semi-arid
region, characteristic of large areas in Southern California that dd not. have
large, densely clustered stands of conifer trees. The second location, at
Goldstone Tracking Station in the Mohave Desert, was chosen for desert back-
ground.* The third location was a marine-source-dominated site at Pt. Arguello.

Some of the most interesting data, from the standpoint of air chemistry,
were obtained in the remote sites. In general, the levefs of trace gases
normally considered pollutant gases were surprisingly high at all three loca-
tions. Of particular interest was the high oxidant levels experienced at
Pt. Arguello and at Hunter-Liggett. All of the pollutants, except for the
sulfur gases, were in the concentration ranges that were detectable by the

instrumentation of the mobile laboratory. Some of these contaminants were

* See Appendix B
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Figure 4-9. Diurnal Patterns of Heavy Elements for Pomona
on October 5-6, 1972
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unquestionably related to anthropogenic sources in aged air masses traveling
through these remote regions. On the other hand, there are certainly ample

natural sourées for many pollutants, which would provide sufficient levels,

even in background areas.

Data taken at Goldstone reflected extremes in conditions that might be
expected away from the ocean. On the first day of sampling, the air was quite
clean, associated with the leeward side of a weak storm front that had passed
through. On this particular occasion, virtually no aerosols were observed in
the air, despite the fact that there was a brisk wind blowing. This is rather
surprising, in view of the fact that windblown dust is known to be a sighifi-
cant natural contaminant. For example, one expects a systematic increase with
wind speed. In the particular case examined, however, there was extensive
shower activity one to two Aays before sampling. The compaction of ground from
rainfall may have been responsible for the conditions observed at Goldstone.

On the other extreme, toward the end of the period at Goldstone, the wind
shifted from the nurthwest sector to the southwest sector. The southerly winds
brought in an air mass containing aged pollutants. There was a significant
increase in pollutant gases, as well as aerosol particles in the sub-micron
range that penetrated the Goldstone area. Presumably, this material was a
tracer of a contaminated air mass passing westward from the South Coast Basin.

In Pt. Arguello, the air was essentially dominated by the ocean. The site
that was selected was within 100 yards of the sea and about 50 ft above the
surf zone. The atmosphere was disturbed during the period of sampling by
another weak storm front passing through central and Southern California.

The period was characterized by a wide range of conditions, from weak winds
to rather high winds. During the high wind period, when the ocean was quite
agitated, there was a strong influx of sea spray that was easily detected by
the instruments on the trailer.

To illustrate the data taken under background conditions, the set of
diurnal plots for the Hunter-Liggett Military Reservation are shown in
Figure 4-10. Data for SO2 and HZS were below the limits of detectability for
the Varian (i.e., < 5 ppb). The episode at Hunter-Liggett was taken on a

very warm day, with light winds coming from different directions. The
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Figure 4-10. Diurnal Patterns for Hunter-Li
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variability in wind direction is indicated in Figure 4-10a. The Qeneral dir-
ection of the wind was from the south or southeast. The wind was calm during

the early part of September 14, with an increasing afternoon speed, as indi-

cated in Figure 4-10a. 1in general, b cat Was measured to be extremely low
-4 - . . .

(<10 "m ]) during the episode. There was a weak but systematic increase

in bscat through the afternoon period, with the increase in wind. It is not

clear, from this data whether that increase was associated with blowing dust
or whether it may have been related to weak photochemical aeroscl formation.
The condensation nuclel count showed a similar pattern to that of bscat; the
levels were generally quite low (< IOh particles/cc), with a weak maximum in
the midafternoon. The ozone levels achieved at Hunter-Liggett were of parti-
cular interest; since, late in the midday, a vaiue of 0.1 ppm was observed.
This, of course, exceeds the air quality limits established for oxidant by
federal standards. Accompanying the increased ozone level was a systematic
increase in NO, peaking out at approximately the same time the ozone did. How-
ever, the NO2 levels generally remained quite low, with only a weak peak
developing in midday, coming somewhat before the NO peak.

The methane hydrocarbons were essentially constant at a level around
2 ppm. Total hydrocarbens were somewhat more variable, potentially reflecting
spikes associated with cccasional movement of military vehicles at some dis-
tance from the trailer. The general background level was ~ 2-1/2 ppm for
total hydrocarben. The CO levels were remarkably low; somewhat < 1 ppm at
Hunter Liggett. The interpretation of the Hunter-Liggett data is difficult
at this point, particularly because the wind pattern on that day was from a
direction that was not climatologically typical. It is possible that the
oxidant level measured on that day, with the accompanying NO, could be re-
lated to aged air contaminants showing up from the Moss Landing Power Plant
region, and drifting back over Hunter-Liggett with the wind reverses. The
Hunter-Liggett data are rather unique, in their characterization of low-level
diurnal patterns of photochemical activities in a region that is quite remote

from major anthropogenic activity.
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