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ABSTRACT 

During the 1987 Southern California Air Quality Study (SCAQS) the 

Oregon Graduate Institute of Science and Technology (OGI) operated a 

time-resolved in situ carbon analyzer at the Claremont, California site 

during the summer sampling season and at the Long Beach, California site 

during the fall sampling season. Particulate organic (OC) and elemental 

(EC) carbon were measured with approximately two-hour time resolution. 

The obje.ctives of this research were (1) to identify days in which a 

significant fraction of the organic aerosol was produced as a result of 

gas-to-particle conversion processes (i.e., secondary organic aerosol) 

and (2) to quantify the amount of secondary organic aerosol. We took as 

indicators of significant secondary organic aerosol formation an OC/EC 

ratio significantly greater than that observed for organic aerosol 

directly emitted into the atmosphere (i.e., primary aerosol), high 

concentrations of OC, and in some cases a poor correlation between OC 

and EC. Although the summer of 1987 was not highly polluted by Los 

Angeles standards, significant secondary formation of organic aerosol 

occurred during the following periods: ·June 12-14, June 22-28, July 11-

13, July 25-29, and August 27-29. On these days peak two-hour 

concentrations of particulate organic carbon ranged be·tween 20 and 30 

µgC/m 3
• To determine the concentration of secondary organic carbon, we 

developed quantitative relationships between primary OC and EC for 

conditions when the aerosol was predominantly primary. These 

relationships were then used to determine the primary component on other 

days, and secondary OC was taken to be the difference between total OC 

and primary OC. In this manner we estimated that during the secondary 

episodes up to 80% of the organic aerosol during the peak two-hourly 

periods was secondary. Concentrations of secondary organic carbon as 

high as 14 µgC/m 3 occurred. The peak in secondary OC often lagged the 

ozone peak by up to two hours. At times outside of the, peak periods and 

particularly at night and during the morning hours the organic aerosol 

was principally primary. Interestingly, the highest concentrations of 

secondary organic carbon occurred on Saturdays. For example, in the 

August 27-31 episode secondary OC exceeded 40% of total OC between 1200 

and 2200 PDT on Saturday and between 1000 and 2000 PDT on Sunday. 
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SUMMARY AND CONCLUSIONS 

During the 1987 Southern California Air Quality Study (SCAQS) the 

OrE!gon Graduate Institute of Science and Technology (OGI) operated a 

ti111e-resolved in situ carbon analyzer . The instrument was located at 

thE! Claremont, Cali fornia site during the summer sampling season and at 

thE( Long Beach, California site during the fall sampling season. 

Pai:ticulate organic (OC) and elemental (EC) carbon were measured with 

approximately two-hour time resolution. The resultant data base along 

wit:h abundant supporting measurements should prove useful for analyzing 

organic aerosol chemistry in the Los Angeles Basin with appropriate 

time-resolved advection-diffusion-chemical reaction models . 

The objectives of this research were to (1) identify days in which 

a ~iignificant fraction of the organic aerosol was produced as a result 

of gas-to-particle conversion processes (i . e. , secondary organic 

aerosol) and (2) quantify the amount of secondary organic aerosol . The 

principal indicators of significant secondary organic aerosol formation 

we1:e taken to be an OC/EC ratio significantly greater than that observed 

for organic aerosol directly emitted into the atmos'})here (i . e . , primary 

aet:osol) , high concentrations of OC , and in some cases a poor 

correlation between OC and EC . In this regard EC was taken to be a 

tracer for all primary organic aerosol although, strictly speaking , it 

is a tracer only for primary combustion aerosol. We determined a range 

for the primary ratio by considering the OC - EC makeup of the 

carbonaceous aerosol on days which on the basis of meteorological and 

other air quality criteria had little or no secondary formation of 

organic aerosol. The resultant OC/EC range was 1.4- 2 . 9 . lJith these 

criteria we identified the following periods in the summer of 1987 as 

onus during which the secondary formation of organic aerosol was 

important: June 12-14, June 22-28, July 11-13, July 25-29, and August 

27 •·19 . During these periods peak two-hour concentrations of particulate 

organic carbon were as high as 30 µgC/m' . 

Our approach to obtaining quantitative estimates of secondary 

organic carbon was first to obtain a quantitative measure of primary 

organic carbon. Secondary organic carbon was then the difference 

bet:ween total organic carbon and primary organic carbon. We described 

organic carbon by the model: 

OCp,t - a + b*EC 

xii 



where a represents non-combustion primary organic aerosol and perhaps 

secondary organic aerosol recycled from previous days. Appropriate 

values of a and b were determined by linear regression of OC and EC 

during periods when secondary formation was considered to be minimal.· 

Because both OC and EC were subject to comparable uncertainty, it was 

necessary to employ a regression method which accounted for the 

uncertainties in both variables. In performing this analysis, the 

.summer days were divided into two categories: Type (1) in which the 

wind at Claremont blew more or less continuously throughout the day from 

the coastal area; and Type (2) in which the air was relatively stagnant 

during the morning hours with a sea breeze developing during mid-day. 

For Type (1) days and for Type (2) days after the onset of the sea 

breeze the OC-EC regression relationship determined from the fall study 

in Long Beach was used to estimate the concentration of primary OC in 

Claremont. Type (2) mornings represented periods when local (i.e., 

Claremont) emissions of OC and EC dominated .. The regression 

coefficients for these periods were determined from analysis of days in 

which the EC concentration was at least one standard deviation above the 

mean--i.e., days on which the accumulation of primary emissions was 

particularly strong. 

On this basis we determined that during the secondary episodes 

identified above up to 80% of the organic aerosol during the peak two

hourly periods was secondary. We observed concentrations of secondary 

organic carbon as high as 14 µgC/m 3 The peak in secondary QC often• 

lagged the ozone peak by up to two hours. At times outside.of the peak 

periods and particularly at night and during the morning hours the 

organic aerosol was principally primary. Interestingly, the highest 

concentrations of secondary organic carbon occurred on Saturdays. For 

example, in the August 27-31 episode secondary OC exceeded 40% of total 

OC between 1200 and 2200 PDT on Saturday and between 1000 and 2000 PDT 

on Sunday. 

xiii 
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RECOMMENDATIONS 

This analysis has relied on the rather s:lmple hypothesis that 

elemental carbon is a tracer for primary organic aerosol. It is likely 

that we have taken this approach about as far as it can be taken. 

Further advances in the determination of prim,iry and secondary organic 

aerosol will require additional chemical info1cmation. Because we 

believe that secondary organic carbon is more oxygenated than pri~ary 

organic carbon, it is possible that measurements of organic oxygen will 

shed additional light on the sources of organ:lc aerosol . The 

measurement of organic oxygen--particularly in an in situ manner- -is not 

a routine procedure and requires further instirument development . 
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CHAPTER l . INTRODUCTJCON 

The Oregon Graduate Institute of Science and Technology (OGI) 

operated a time-resolved in situ carbon analy.~er during the Southern 

California Air Quality Study (SCAQS) in 1987. The in situ carbon 

analyzer was located at Claremont, California during the summer study 

and at Long Beach, California during the fall study. · It measured 

particulate organic and elemental carbon with approximately two hour 

time resolution. These data have been used to distinguish between 

organic carbon emitted in particulate form and particulate organic 

carbon formed in the atmosphere through gas -tc)-particle conversion 

processes. 

Elevated particulate concentrations in u1rban areas result not only 

from direct particulate emissions but also fr<)m gas-to-particle 

conversion in the atmosphere. Aerosols emitti?d directly as particles 

are known as primary; those formed in the atmosphere are referred to as 

secondary. Although carbonaceous species comprise a large fraction of 

the urban aerosol (Shah et al., 1986) , the relative contributions of 

primary and secondary organic components have long been disputed. The 

formation of secondary organic aerosol is believed to result from the 

gas-phase oxidation of such precursors as olefins, cyclic olefins, di

oleJins, and aromatics (Grosjean, 1977) , Products with low volatility 

either nucleate or condense on the surfaces of pre-existing particles. 

As a result, secondary aerosols are found mainly in the accumulation 

mode (particle diameter between 0.1 and 1 . 0 µrn ; ~itby et al. , 1972 ) . 

Particles in this size range pose hazards to 'll'isibility and health . 

Gas-to-particle conversion of sulfur and nitrogen species has been 

observed in the atmosphere, and at times thes•~ secondary processes are 

responsible for high concentrations of particulate mass (Grosjean, 

1977). The ability of specific organic compounds to form aerosols has 

been demonstrated in smog chamber experiments involving sunlight 

irradiation of specific gaseous components {e.g. , Groblicki and Nebel , 

1971; O'Brien et al. , 1975a; Heisler and Friedlander , 1977; McMurry and 

Grosjean, 1985; Stern ·et al., 1987). A vade1ty of approaches has been 

used to estimate the magnitude of secondary £1:>rmation in the atmosphere 

(Appel et al., 1976; Appel et al. , 1979; GrosJean and Friedlander , 197 5; 

Friedlander, 1973; Gartrell and Friedlander, 1975; O'Brien et al ., 
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1975b; Novakov, 1982; Benner et al., 1984). However, the extent of 

secondary formation of organic aerosols in the atmosphere is not well 

understood because of the many compounds whose interactions must be 

taken into consideration. 

Because of the complexity of the carbonaceous aerosol many 

investigators have found it useful to separate it irito ·organic carbon 

(OC), elemental carbon (EC), and carbonate classes. Carbonate has been 

observed in atmospheric particles but is generally believed to be a 

minor component of the fine fraction of the aerosol (Mueller et al., 

1972; Appel et al., 1989). Elemental carbon, also called black carbon 

or graphitic carbon, results predominantly from combustion processes. 

Particulate organic carbon, however, is formed by a variety of 

processes, including combustion and secondary formation. Several 

investigators have used elemental carbon as a tracer for primary organic 

aerosol (Chu and Macias, 1981; Huntzicker et al., 1986; Gray et al., 

1986; Wolff et al., 1983; Novakov, 1982), but most studies have involved 

data with 6 to 24 hour averaging periods making it difficult, if not 

impossible, to observe the dynamics of aerosol formation. Strong 

correlations between OC and EC were observed in these studies. However, 

in certain cases the presence of secondary organic aerosol was suggested 

by either an increase in the OC/EC ratio with distance downwind from a 

major source region or a summer average which was higher than the winter 

average at a given site. 

Chu and Macias (1981) used lead (Pb) as a tracer for primary 

organic aerosol and observed definite early afternoon peaks in the 

carbon/Pb ratio for 2 - 6 hour samples. They noted that if 24 hour 

samples had been collected rather than 2 - 6 hour samples, secondary 

organic aerosol would not have been detected in the C/Pb ratio. If 

secondary formation is only important during mid-day, its impact on the 

C/Pb and TC/EC ratios (TC - OC + EC) would be greatly diluted in a 24 

hour average. Because aerosol chemistry is dynamic on the time scale of 

minutes to hours, an understanding of organic aerosol formation requires 

time-resolved data. Some two hour data have been collected by Grosjean 

(1984) and Appel et al. (1979), and both observed times when the 

secondary formation of organic aerosol was highly significant. 

Because of the need to obtain improved time resolution, low 

detection limits, and minimal influence from sampling artifacts, an in 
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situ carbon analyzer was developed. The OGI in situ carbon analyzer 

combines the samp~ing function of a conventional filter sampler with the 

analytical function of a thermal-optical carbon analyzer (Huntzicker et 

al . , 1982; Johnson et al., 1981 ; Turpin, 1989). During SCAQS the in 

situ carbon analyzer was used to measure particulate organic and 

elemental carbon with approximately two-hour time resolution, allowing 

investigation of the diurnal variations of particulate organic and 

elemental carbon. 
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CHAPTER 2. EXPERIMENTAL 

SCAOS Samplin~ and Analysis 

From June 12 to September 3, 1987 (SCAQS summer study), the in 

situ carbon analyzer (Turpin et al., 1990a) was located at the Claremont 

site, at the eastern edge of the East Bauer Parking Lot at Clarem9nt 

McKenna College in Claremont, California. Between July 30 and August 16 

it was run on a low maintenance schedule with the purpose of keeping the 

instrument operational between the sUIIUiier study and the summer 

. extension. During the fall study (November 6 - December 12, 1987) it 

was located at the Long Beach site, at Long Beach City College between 

the track and the McDonnell Douglas hangers. The in situ carbon 

analyzer, shown in Figure 1, was situated in an air conditioned, 

California Air Resources Board trailer which was maintained at a 

temperature of 25 ± 1 °C. Two back-to-back quartz fiber filters (1.5 cm 

diameter punches of Pallflex QAOT filters) mounted inside the instrument 

collected the fine (i.e., 0-p< 2.5 µm) ambient aerosol and whatever 

organic vapor adsorbed on the filters. (Two filters were needed to 

prevent rupture during sampling.) The coarse fraction was removed with 

a 2. 5 µm cut-po_int Marple (Marple and Liu, 1974) impactor with an 

impaction surface composed of a fritted glass filter disk (Ace Glass, 

PORE) set flush into an aluminum plate and soaked in low vapor pressure 

vacuum pump oil to reduce bounc~ (Turner and Hering, 1987). In a 

parallel sampling port two back-to-back quartz fiber filters were 

preceded by a Teflon filter (Gelman, Teflo, 2 µm pore size) which 

removed particles. The parallel sampling port provided an estimate of 

the organic vapor adsorption artifact on the quartz fiber aerosol 

filters (McDow and Huntzicker, 1990). Ambient air was sampled by both 

ports through a 2.5 cm diameter probe extending 90 cm above the roof and 

capped with a rain shield and insect screen. The sampling rate was 8.7 

1/min in the summer and 8.9 1/min in the fall, and the sampling duration 

was varied from 40 to 200 minutes on the basis of-air pollution 

forecast~ and the instrument detection limits. The instrument generally 

operated on a two hour cycle in which aerosol was collected for 80 
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minutes followed immediately by in situ analysis for organic and 

elemental carbon. Operational notes are listed in Appendix A. 

In the first step of the thermal-optical carbon analysis the amount 

of adsorbed organic vapor on the quartz fiber filters behind the Teflon 

pre-filter was measured. This was accomplished by thermal desorption at 

·650 °C, oxidation of the desorbed organic compounds to CO2 , reduction to 

CH,, and measurement by a flame ionization detector (FID). The aerosol 

side was then analyzed by thermal desorption at 650 °Cina helium 

atmosphere to volatilize organic carbon. The temperature was then 

reduced to 350 °C, and the atmosphere was changed to a mixture of 2% 02 -

98% He. Subsequently, the temperature was raised in steps to 750 °C to 

oxidize elemental carbon, and the resultant CO2 was measured as above. 

In the final step of the analysis, a known amount of methane was 

introduced for internal calibration. 

Du~ing organic carbon volatilization some organic carbon was 

pyrolytically converted to elemental carbon, resulting in a darkening of 

the filters. The optical transmittance through the filters was 

monitored throughout the analysis, and the proper split between organic 

and elemental carboh was considered to be the point at which enough 

elemental carbon had been removed to return the transmittance to its 

pre-pyrolysis value. Figure 2a shows the laser transmittance for a 

typical analysis. The OC - EC split is shown by the long line extending 

upwards from the time axis. Figures 2b and 2c show the FID signal and 

the aerosol-side oven temperature during the analysis. It was necessary 

to change all quartz fiber filters about once every 3 to 4 weeks because 

a buildup of non-volatilizable material began to decrease the 

sensitivity of the transmittance measurement. When the filter is 

expbsed to a pressure drop or when ambient gas-phase concentrations 

decrease during aerosol collection, some volatilization of collected 

particulate material can occur. Volatilization during collection was 

minimized by keeping collection periods short. The adsorption estimate 

(quartz fiber filter behind the Teflon filter) was subtracted from the 

organic carbon measurement on the aerosol side to yield particulate 

organic carbon concentrations. A detailed description of the method, 
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8 

characterization of· the instrument and comparison with other methods are 

given ·by Turpin (1989) and Turpin et al. (1990a). 

Quality Assurance/Quality Control 

An instrument blank and a three-peak internal calibration program 

were run every two to three days. The instrument blank analysis was a 

standard analysis without aerosol collection and was used to check for 

any contamination in the analytical system. The three-peak calibration 

program was identical to the standard analysis program (run without 

aerosol collection) except that a known amount of methane was 

automatically injected during each of the three distinct segments of the 

analysis. The first methane injection passed through the vapor side of 

the system, the second and third injections passed through the aerosol 

side, one in helium and the other in helium-oxygen. All methane was 

oxidized to CO2 , reduced to CH4 and measured in the flame ionization 

detector. Because the instrument response differed by as much as 10% 

between these three conditions, appropriate response factors were 

incorporated into the data output. The analytical precision for the 

measurement of total aerosol carbon with the in situ carbon analyzer was 

3.1%, and the detection limit was 0.2 µg of carbon (µgC). Comparable 

precision is expected for organic and elemental carbon, based on our 

experience with the laboratory carbon analyzer (Turpin and Huntzicker, 

1988; Huntzicker et al., 1982; Johnson et al., 1981). However since 

each analysis us·es the whole sample, these values have not been 

determined. 

Graphical displays of individual analyses were examined to verify 

that the instrument was operating properly, integration limits were 

correct, the FID signal did not saturate, 'and the carbon loading was 

sufficient to obtain an accurate OC-EC split. Data validation comments 

have been recorded in Appendix B. Instrument blanks for summer SCAQS 

data were not significantly different than zero with 95% confidence 

limits, but a small blank subtraction was required for fall SCAQS data. 

Consistency between the two sides of the analyzer was demonstrated in a 

set of experiments run during summer and fall periods in which both 

aerosol and vapor sampling ports were pre-filtered with a Teflon filter. 

In this c.onfiguration the analytical fiiters in both sides collect 

adsorbable organic vapor and should be equivalent. If either sampling 
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system were contaminated, the contamination would be observed in these 

experiments. The two sides were ·statistically indistinguishable (Turpin 

1989) . 

A search for outliers was conducted by examining graphs of optical 

absorbance vs. elemental carbon loading (Turpin, 1989). Optical 

absorbance is -Ln{I/I0 ) where I and 10 are the intensities of 

transmitted light for the sample and blank respectively . Intensities of 

transmitted light are measured with a photodiode and recorded as 

voltages. No outliers were found. A slight curvature was evident in 

the optical absorbance vs. elemental carbon graphs, indicating a 

deviation from Beer's law for the optical absorbance of the filter 

collected samples. Fall and summer data fell along the same curve 

(Figures 3 and 4). Although deviations from Beer's Law do not affect 

the separation of organic and elemental carbon constituents in the in 

situ carbon analyzer, they do demonstrate a difficulty which can arise 

in the measurement of elemental carbon on filters by optical absorption 

alone. 

The sample analysis program has been written to facilitate a 

seTits i tivity study of the parameters which indirectly affect the OC-EC 

split. The most critical of these is the transit time of the evolved 

gas, between the quartz fiber filter and the FID. The laser signal 

res:ponds immediately to the removal of material from the filter whereas 

the, FID signal is delayed by the transit time. An accurate transit time 

estimate is needed to align the signals. The uncertainty associated 

wit:h the transit time was small and translates to 95% confidence levels 

of± 0.5%in OC and EC for the average SCAQS run . 

A slight temperature -dependence was observed in the laser signal of 

the!•SCAQS blank and three-peak calibration runs. The laser signal 

dec:reased somewhat with increasing oven temperature, resulting in a 

pat:h-dependent laser variation of 2 to 4% for SCAQS samples. The path

dep1endence is shown in Figure 5. The optical transmittance of laser 

lig;ht through the quartz fiber sampling filter is used to determine the 

split between organic and elemental carbon, and this split always occurs 

between 17 and 20 minutes into the analysis. The initial laser signal 
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and the average signal between 17 and 20 minutes in the blank and three

peak calibration runs were used to adjust the initial laser value in the 

sample runs to the equivalent value at the temperature at which the QC

EC split occurs. The correction resulted in a change of about 0.5 

µgC/m3 on average in the calculated values of QC and EC (about 3% for 

QC and 10% for EC). 

The nights of November 8, 10, and 18 and December 2 were quite 

foggy, and enough water collected on the sampling filters to affect the 

optical transmittance. As the heating of the loaded filter began, the 

transmittance increased slightly. The remainder of the analysis 

proceeded normally. A similar phenomenon has been observed in the 

laboratory when filters doped with a sucrose - water solution were 

analyzed while wet. Thus it was concluded that the increase in the 

initial transmittance which occurred during analysis of samples from 

these dew and fog intensive periods was a result of the volatilization 

of water from the filter. The maximum transmittance observed after 

water volatilization but before carbon volatilization was taken to be 

the reference transmittance for the pyrolysis correction. 
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CHAPTER 3. SCAQS MEASUREMENTS 

SCAOS Meteorology 

Wind trajectories in the Los Angeles basin are greatly influenced 

by the ocean. At night the flow is generally from the land to the ocean 

(land breeze), and during the day it is generally from the ocean to the 

land (sea breeze). In the summer the sea breeze is strong, and the land 

breeze is quite weak. In the winter the opposite is true. A diagram ·of 

the Los Angeles Basin and the SCAQS sites with a few day-time wind 

trajectory lines typical of afternoon surface winds during July is given 

in Figure 6. As is evident in the diagram, the aged Long Beach air mass 

is typically transported through Claremont in the summer (Blumenthal et 

al., 1974). 

In Claremont during the summer study the sea breeze (from the 

southwest) would occasionally blow continuously for 24 hours. However, 

the more typical situation was either a weak breeze from the northeast 

or no wind at all in the early to mid-morning with a strong sea br~eze 

developing around mid-day. Atmospheric conditions changed very rapidly 

at the Long Beach site in the fall and resulted in drastic changes in 

aerosol concentrations over short time periods. On December 6, for 

example, the total particulate carbon concentration decreased from 75 

µgC/m3 to 4 µgC/m3 within a 24 hour period. The wind often stopped or 

dropped significantly during fall nights. 

The weather during the summer study was unusually cool. As a 

result, air quality was considerably hetter than is typical of Los 

Angeles Basin summers. As of the end of July there had been Stage I 

smog alerts in the basin on only 22 days, compared to 38 by July of 1986' 

and 53 in 1985. Stage I occurs when ozone concentrations exceed.20 pphm 

(0.2 ppm) as an hourly average. 

Organic and Elemental Carbon 

Three-day plots of OC, EC, ozone and meteorological information 

(wind speed,. direction, temperature and cloud cover) for all summer and 

fall sampling days are presented in Appendix C. Meteorological symbols 

are described in Figures C.l - C.4 and are taken from Neiburger et al. 

https://exceed.20
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(1982). Changes in wind direction are indicated by a symbol positioned 

at the time the change in direction occurred. The wind direction arrow 

extends toward the direction from which the wind is blowing. Visibility 

is indicated in kilometers and is omitted when visibility is greater 

than 16 km. The current air temperature and temperature of dewpoint are 

provided in degrees Fahrenheit. Data are plotted in .three day segments 

on a horizontally divided graph in Figures C.5 - C.32. Organic carbon 

(OC) and elemental carbon (EC) concentrations (µgC/m 3
) are plotted in 

the lower section at the mid-point of each sampling period. One hour 

average ozone concentrations (pphm) are plotted in the upper section at 

the mid-point of each sampling period. 

Strong diurnal variations were evident in organi~, elemental, and 

total carbon concentrations for both summer and fall data. In the 

summer, peak concentrations of OC and EC occurred during the daylight 

hours. However, .in the fall the peaks. occurred at night, and the 

maximum concentrations observed (TCEx - 86 µgC/m3 on December 3) were 

two to three times the summer maxima (TC Ex- 36 µgC/m 3 on June 24). 

Most daily EC maxima in the summer occurred either around 0800 

1000 PDT or 1400 - 1600 PDT, and the daily OC maxima were clustered 

around 1400 - 1600 PDT as shown in the histograms of Figures 7 and 8. 

As a result, most of the summer data fell into two categories: (1) EC 

and OC peak together around 1400 - 1600 PDT, and (2) EC peaks around 

0800 - 1000 PDT and QC peaks around 1400 - 1600 PDT. Type (1) and Type 

(2) days are listed in Table 1. Days when elemental carbon 

concentrations were low and broadly distributed were excluded because of 

the difficulty of accurate assignment. A meteorological investigation 

showed that on. Type (1) days at the Claremont site the sea breeze (from· 

the west or southwest) tended to blow continuously throughout the day. 

On these days the measurements approximated Eulerian measurements in the 

sense that the wind flow was fairly constant in speed and direction. 

The time of the daily peak OC and EC concentrations probably reflected 

the time required for the morning emission peak in· the Long Beach - Los 

Angeles.area to be tr~nsported to Claremont. The coefficient of 

determination (R2
) between OC and EC was 69% for the set of samples 

comprising all Type (1) days. 
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Table 1. TYPE (1) AND TYPE (2) DAYS 

Type (1) days are those in which organic and elemental carbon 
both peaked at about 1500 - 1700 PDT. On Type (2) days, 
elemental carbon peaked around 0800 • 1000 PDT and organic 
carbon peaked at about 1500 • 1700 PDT. 

TYPE 1 TYPE 2 

JUNE 12 JUNE 15 
13 16 
24 19 
30 22 

JULY 6 27 
10 JULY l 
14 2 
15 13 
16 20 
17 23 
21 25 
24 26 

AUGUST 25 27 
28 
29 

AUGUST 24 
27 
28 
29 
30 
31 

SEPTEMBER 2 
3 
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On almost all Type (2) days either the early morning wind was from 

the east (northeast - southeast), or there was no wind in the early to 

mid-morning. It was during this time that the elemental carbon peak 

occurred. Often a local maximum in the OC profile also occurred at this 

time. (The principal OC peak occurred in the afternoon.) The sea 

breeze typically developed around mid-day, and wind speeds tended to be 

highest at about the time of the ozone peak. The low wind speeds and EC 

maxima on Type (2) mornings suggest that the accumulation of local 

emissions during the morning inversion was responsible for a·significant 

fraction of the ambient aerosol during Type (2) mornings. The 

development of the sea breeze later in the day brought in air masses 

transported across the basin from the Long Beach - Los Angeles source 

region. The set of OC and EC measurements comprising Type (2) days was 

poorly correlated with an R2 of 30%. 

Intensive sampling was conducted at Claremont on June 19, 24, 25, 

July 13 - 15, August 27 - 29, and September' 2 and 3. September 2 

(Figure C.24) illustrates clearly the transport of aged pollutants to 

the Claremont site. On this day the sea breeze did not develop until 

late in the afternoon. The ozone concentration in Los Angeles reached 

30 pphm, and a· thick haze, which nestled in the Los Angeles - Long Beach 

area, was visible from Claremont. However, in Claremont a northeasterly 

wind brought thundershowers, low pollutant concentrations and a high 

temperature of 38 C. At 1430 PDT the wind shifted, transporting this 

thick haze of aged pollutants east through Claremont. The ozone 

concentration jumped from 5 pphm to 22 pphm, and the organic carbon 

concentration jumped from 5 µgC/m3 to 17 µgC/m3 between 1200 and 1700 

PDT. On typical summer days the sea breeze develops much earlier in 

Claremont, and by noon the ozone concentration has generally built to 

half of its peak value. The ratio of organic to elemental carbon was 

1.7 ± 0.2 at about 1100 PDT and was 4.9 ± 0.6 at about 1900 PDT. 

July 11 - 17 (Figures C.12 - C.14) illustrates the development of a 

pollutant episode with the assistance of a high pressure ridge off the 

coast and the rapid breakup of the episode which resulted when a trough 

developed in the high pressure zone. The conditions which caused the 

early breakup of the episode were not typical of Los Angeles summers. 

In fact, the period of July 16 - 21 has been described by SCAQS 

meteorologists- as having "winter-like" conditions for Southern 
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California. On Saturday through Monday, July 11 - 13, a high pressure 

ridge was building, and peak OC and ozone concentrations began to 

increase, reaching maxima of 25 µgC/m3 (1600 - 1800 PDT) and 24 pphm 

(1500 - 1600 PDT) respectively on July 14 . Elemental carbon peaked on 

July 13 between 0600 - 0800 PDT. July 13 was a Type (2) day and the sea 

breeze did not develop until close to noon. Therefore this morning 

aerosol was probably dominated by pollutants of local origin, and t:he 

high elemental carbon concentrations reflected the accwnulation of 

emissions in the morning inversion. July 14 was a Type (1) day, arid a 

buildup of locally emitted EC did not occur . The afternoon OC peak on 

July 13 probably represented aged pollutants emitted in the morning in 

the Long Beach - Los Angeles source region and transported with thei sea 

breeze while undergoing photochemical reactions. In addition to the 

principal OC and EC peaks a lesser EC peak accompanied the OC peak and a 

lesser OC peak accompanied the EC peak on July 13. The sea breeze blew 

continuously on July 14, and only a single peak was observed for OC 

(1600 - 1800 PDT) and for EC (1400 - 1600 PDT). It is likely that this 

aerosol was also dominated by pollutants aged in transit from the Long 

Beach - Los Angeles source region. 

On Wednesday and Thursday, July 15 and 16, the high pressure ridge 

was weakening with the approach of a low pressure trough. On Wedmisday 

by the time the morning stratus clouds had burned off, cumulus clouds 

were moving in from over the mountains to the north . It was overcast 

all day on Thursday, and mostly cloudy on Friday with night and morning 

rain. Except for a period of little wind between 0430 and 0930 PD1~ on 

Wednesday , July 15, the sea breeze which developed on Monday blew 

continuously through Friday. Ozone, OC, and EC dropped, and on Frtday 

the daily peak ozone concentration reached only 4 pphm (1600 - 1700 

PDT), OC did not exceed 5 µgC/m 3 and EC was less than 3 µgC/m3 
• 

(Loadings were too low to get a good OC • EC split during the 1000 -

1200 PDT collection period. Therefore, exact peak concentrations c:ould 

not be given, only reasonable limits.) During the following three days, 

July 18 - 20, OC concentrations did not exceed 11 µgC/m3
, and EC 

concentrations were fairly constant, exceeding 2 µgC/m 3 only during one 

sampling period (EC - 6 µgC/m3 at 0800 - 1000 PDT). Such periods of 

c loud cover, rain, and instability are quite uncommon in the Los Angeles 

Basin during the summer . 
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Rapid meteorological changes were typical during the fall in the 

Long Beach area and resulted in extreme changes in aerosol carbon 

concentrations, as exemplified by the aerosol on December 3 and 4 

(Figure C.29). On December 3 there was moderate atmospheric stagnation 

and afternoon sunshine. Total particulate carbon reached a maximum of 

86 µgC/m 3
, the highest of the study. On that evening the air mass 

became unstable, and clouds moved in. On the afternoon of December 4 it 

rained hard and the total particulate carbon concentration dropped from 

26 µgC/m3 at 0800 - 1000 PDT to 4 µgC/m3 at 1400 - 1800 PDT. The 

profiles of organic and elemental carbon were similar throughout the 

fall study and the coefficient of determination (R2
) between OC and- EC 

for the entire set of fall data was 80%. 
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CHAPTER 4 . IDENTIFYING PERIODS OF SECONDARY ORGANIC AEROSOL FORMATION 

A Descriptive Analysis of August 25 - 31, 1987 

The period of August 25 - 31, 1987, has been examined in detall in 

order to gain a better understanding of the contributions of primary and 

secondary sources to ambient organic aerosol concentrations . Figure 9 

shows OG , EC, ozone, and the light scattering coefficient (b,c. 1) fo;r 

August 25 - 31, and Table 2 sUlllinarizes some additional information about 

this period. Ozone and bsm were measured by General Motors Resear,:h 

Laboratory, and the values in Figure 9 are averaged over the collection 

periods for QC and EC. The ozone measurements agreed well with ozone 

measurements taken concurrently by other investigators, but the 

agreement between investigators on bsm values was fair to poor . 

Nevertheless all data sets exhibited similar temporal profiles f or 

bmt. The General Motors Research Laboratory data were used becaus,;;; 

they were available for the entire period of interest. 

On Tuesday, August 25, and Wednesday, August 26, the air was 

relatively unstable, and the pollutant concentrations were low. BE, tween 

August 27 and August 29 a high pressure ridge was building, and daUy 

average values of b,cat and ozone increased. During this -period str,::mg 

temperature inversions developed, and several Stage I smog alerts ~,ere 

in effect in the basin . The wind flow through Claremont was weak and 

multidirectional on the mornings of August 25 - 28. A strong sea breeze 

developed on each of these days at the time indicated in Table 2. Ozone 

concentrations built to a Friday, August 28, peak of 29 pphm, and the 

visual range decreased daily , reaching a low of 9 km on Saturday, J~ugust 

29. Peak ozone concentrations decreased Saturday and Sunday, and the 

sea breeze blew continuously on both of those days. A weak disturbance 

developed in the high pressure ridge on Sunday, August 30, and a fnw 

high cirrus clouds were visible over the site on Monday. Late Monday 

afternoon a thin layer of clouds covered the site . 

OC and EC profiles on August 25 and 26 were quite similar, and 

strong correlations were observed between the diurnal variations oJ: OC 

and the primary tracer, EC (R1 
- 89% •and 72% for August 25 and 26 

respectively) . These correlations are comparable to those observed in 

the fall at Long Beach. (The OC-EC correlation for the set of fall 
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Table 2. SUMMARY DATA FOR AUGUST 25-31, 1987. 

Meteorological data and ozone concentrations are expressed as 1 hour averages. Organic 
and elemental carbon concentrations are averaged over the 80 minute collection periods. 
The times listed begin the 1 hour time period in which the change in wind direction was 
observed. 

August minimum peak peak peak 
visual ozone organic elemental 
range (pphm) carbon carbon 
(km) (µgC/m3

) (µgC/m3
) 

25 Tue 22 13 12 3 
26 Wed 20 17 17 6 
27 Thu 10 24 20 7 

28 Fri 14 29 23 9 

29 Sat 9 24 21 5 

30 Sun 14 21 17 3 

31 Mon 16 21 17 to 

*Seabreeze blew continuously on days with asterisk. 

time(PDT) 
sea breeze 
developed 

1200 
0900 
1200 

1000 

* 

* 
1200 

descriptive 
meteorology 

unstable 
unstable 
high pres. ridge 
building 
high pres. ridge 
building 
high pres. ridge 
building 
weak disturb. 
in ridge 
afternoon: thin 
cloud cover 
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R2data was - 80%.) As ozone concentrations built and the temperature 

inversion strengthened, the profiles of OC and EC became less similar. 

The coefficients of determination (R2
) between OC and EC were 50%, 38%, 

0%, 24%, and 28% on August 27 - 31 respectively. 

On August 27 (Thursday) and August 28 (Friday) elemental carbon 

concentrations peaked in the morning. Since the winds were weak and EC 

concentrations were high, the morning aerosol appears to have been 

dominated by accumulated local morning emissions, and the morning 

organic aerosol was therefore predominantly primary. Daily minimum 

OC/EC ratios were 1.7 ± 0.1 and 1.4 ± 0.1 on August 27 and 28, 

respectively). These correlations are comparable to those observed in 

the fall at Long Beach. (The OC-EC correlation for the set of fall data 

R2was - 80%.) As ozone concentrations built and the temperature 

inversion strengthened, the profiles of OC and EC became less similar. 

The coefficients of determination (R2
) between OC and EC were 50%, 38%, 

0%, 24%, and 28% on August 27 - 31 respectively. 

On August 27 (Thursday) and August 28 (Friday) elemental carbon 

concentrations peaked in the morning. Since the winds were weak and EC 

concentrations were high, the morning aerosol appears·to have been 

dominated by accumulated local morning emissions, and the morning 

organic aerosol was therefore predominantly primary. Daily minimum 

OC/EC ratios were 1.7 ± 0.1 and 1.4 ± 0.1 on August 27 and 28, 

respectively, and occurred during the 0600 - 0800 PDT sampling period on 

both days. In the afternoon elemental carbon concentrations decreased 

significantly. Organic carbon concentrations, however, increased 

significantly, reaching a maximum concentration around 1400 - 1600 PDT, 

about the same time as the peak concentration of ozone, an important 

indicator of photochemical activity. The OC/EC ratio reached a maximum 

of 4.1 ± 0.3 on Thursday and 4.6 ± 0.4 on Friday at about 1600 - 1800 

PDT. The additional organic carbon, which cannot be explained by common 

origin with elemental carbon, was greatest at the time of day when 

photochemical activity was most pronounced. Therefore this material was 

probably secondary or?anic aerosol. 

(R

Although OC and EC were only poorly correlated on Friday, August 28 
2 

- 38%), ·they were not correlated at all on Saturday, August 29 (R2 = 

0.0%). The OC/EC ratio reached 7.0 ± 0.8 at 1700 PDT on Saturday and 
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7.3 ± 1 . 0 at 1500 PDT on Sunday, and OC peaked at about the same time as 

the ozone concentration on both days . On other weekends OC/EC ratios as 

high as 14 were observed . Thus, the fraction of organic aerosol which 

is secondary appears to be highest on weekends . This is probably the 

result of a decrease in primary emissions on the weekends (Elkus and 

Wilson, 1977) accompanied by continued photochemical reaction of -aging 

precursors . Precursors emitted on previous days are recirculated by 

upslope/downslope and sea breeze/land breeze circulation patterns which 

develop in the Los Angeles Basin, and these processes have previously 

been shown to result in the continuing fomation of atmospheric sulfate 

and ozone from precursors emitted one or more days earlier (Cass and 

Shair, 1984 ; King et al . , 1987) . It is likely that air mass 

recirculation also a l lows for continued secondary organic aerosol 

formation on weekend days when primary (including precursor) emissions 

are low , 

Correlations of organic carbon with ozone, a product in the 

photochemical smog sequence, were 84% , 90% ; 83%, 88%, 88%, 80% , and 58% 

on August 25 - 31 respectively . These are substantially higher than the 

correlati ons observed between QC and EC during the height of the 

episode . However, they are relatively constant throughout the period 

and do not reach a maximum at the height of the episode as one might 

expect . The relationship between ozone and secondary organic aerosol i s 

complicated by the time delay observed between ozone format i on and 

secondary OC formation and by the interplay between transport and 

chemistry . For example, if an observer traveling with an air parcel 

transported east to Claremont were to make measurements of ~ollutant 

evolution within the air parcel , concentrations of reactive organic 

compounds and concentrations of ozone would rise and fall, but the 

concentrations of secondary aerosol would continue to accumulate with 

the only major "losses" being deposition and dilution. The rate of 

secondary organic aerosol fomation in smog chamber irradiations of 

ol efin- NO, mixtures has been observed to be approximately proportional 

to the product of ozone and olefin concentrations (Heisler , 1976). 

Likewise the rate of secondary fomation in the air parcel might be 

expected to correlate with ozone concentrations , but the concentration 

of secondary organic aerosol would depend on the 03 , NO,, OH, and 

organic precursor concentrations integrated over the history of the air 
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parcel. In Claremont, the ozone and carbon analyzers collect samples 

.from a continuum of passing air parcels~ Therefore, the history of the 

passing air parcels could only be adequately reflected in Claremont 

ozone concentrations if emissions and transport of the air parcels were 

constant over the course of the day. The QC - ozone correlations during 

the August 25 - 31 period were additionally complicated by the variation 

in the strength of the morning inversion, which influenced morning 

primary OC peak concentrations to a large extent. 

November 17 - 19, 1987 

Figure 10 shows OC and EC for November 17 - 19 in Long Beach, and 

Table 3 summarizes additional information about this period. In 

contrast to the summer, the wind flow at the Long Beach site in the fall 

did not follow a standard daily patt~rn except that the air tended to be 

fairly still at night. From November 17 through 19 the air was 

unstable, and there was little or no stagnation. Ozone and bscat were 

low except from about 1900 PST on November 17 to 1000 PST on November 18 

when bscat was elevated. The highest OC and EC concentrations of the 

three day period were observed during this period of high light 

scattering. 

The OC and EC profiles during this period were quite similar, and 

the coefficients of determination between OC and EC were 80%, 91%, and 

81% for November 17, 18, and 19 respectively. OC/EC ratios varied from 

1.4 ± 0.1 to 3.0 ± 0.5. Like the August period, the minimum ratios of 

OC/EC occurred between 0600 and 1000 PST. The OC/EC ratio on each of 

these days was relatively constant except for the dip which occurred 

between 0600 and 1000 PST. The dip probably resulted from the large 

input of vehicular emissions during the morning rush hour. OC/EC 

emissions ratios are source dependent, and therefore the primary OC/EC 

ratio will vary somewhat based on changes in the relative source 

contributions at the sampling site. The lack of sun, intermittent 

drizzle, low ozone concentrations, and an unstable- air mass suggest that 
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Table 3. SUMMARY DATA FOR NOVEMBER 17 - 19, 1987. 

Meteorological data and ozone concentrations are expressed as 1 hour averages. 
Organic and elemental carbon concentrations are averaged over the 80 minute 
collection periods. 

November minimum peak peak peak wind descriptive 
visual ozone organic elemental dir. meteorology 
range (pphm) carbon carbon 
(km) (µ,gC/m 3 

) (µ,gC/m3 
) 

17 Tue 18 1 42 17 NW overcast all day 
intermittent drizzle 

18 Wed 15 ~* 40 17 variable morning coastal 
surface inversion 

19 Thu 39 26 11 variable* 

* Ozone data were not available after noon on November 18. 
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ph,,tochemical activity, including secondary formation of organic 

ae1rosol, should have been minimal on Tuesday, November 17 . The OC/EC 

ra1tio on Tuesday ranged between 1.5 ± 0.2 and 2 . 9 ± 0.4. 

Secondary Formation - August 25 - 31, 1987 
We take the OC/EC range of 1.5 to 2.9 observed on November 17 to be 

typical of primary carbonaceous aerosol originating in the Long Beach 

ariea. In addition, the OC/EC ratios observed during the accumulation of 

local emissions on the mornings of August 27 and 28 (OC/EC - 1. 7 and 

1.1~) are taken to be representative of the primary ratio for the local 

Cl1uemont aerosol. Because a sea breeze often developed during the 

August 25 - 31 period, bringing in pollution most likely transported 

from the Long Beach area in the southwest, the primary OC/EC ratio could 

be expected to range from 1.4 • 2.9. These observations suggest that 

thte increase in organic carbon accompanied by an increase in the OC/EC 

ra;tio to maxima of 4 . 1 · 7 .3 on the afternoons of August 27 - 30 did not 

re:;ult from a change in the makeup of the primary emissions . This 

st;rengthens the argument. that this additional organic carbon, which was 

accompanied by elevated ozone concentrations , is of photochemical origin 

(s,acondary organic aerosol). 

Plots of OC vs EC for August 25 • 31 are shown in Figure 11 . Lines 

of constant secondary OC (5 and 10 µgC/m3
) have been drawn assuming a 

primary OC/EC ratio of 2.2 . This choice is somewhat arbitrary but 

effectively indi,cates the general direction of increasing secondary 

organic aerosol concentrations. For this purpose secondary OC has been 

defined as: 

OCstc ... octot . ocprl and (4.1) 
OC0 , 1 - EC x (OC/EC)p,1 (4.2) 
where OCm - secondary OC 

OC101 - total OC 
ocp, I - primary QC 
(OC/EC) 0r1 - primary ratio estimate 

Th,e August 31 panel includes a dotted line representing an OC/EC ratio 

of 2.9 and a dashed line representing an OC/EC ratio of 1 .4. The area 

be·tween these lines indicates the range in which the primary ratio is 

ex1pected to fall. The decrease in the OC•EC correlation which occurs 

be·tween August 25 and 29 shovs up as increased scatter in the data in 

Figure 11. The scatter diminishes again on August 30 and 31 as the 
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Figure 11. Particulate organic and elemental carbon concentrations 
(µgC/m3

) for August 25-31, 1987 at Claremont, California. 
The midpoints of the averaging periods of several samples 
are labeled in Pacific Daylight Time, -and two lines of 
constant "secondary organic carbon" (secondary OC - 5 and 
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), calculated using a primary OC/EC 
ratio of 2.2 (a-0, b-2.2), are shown. The August 31 panel 
includes a dotted line representing an OC/EC ratio of 2.9 
and a dashed line representing an OC/EC ratio of 1.4. 
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OC-EC correlation begins to increase . Between August 25 and 29 an 

increasing number of mid-day samples are located above the 5 and then 

above the 10 µgC/m' line of constant secondary OC. On August 30 and 31 

these mid-day samples fall to lower secondary OC concentrations . 

Secondary organic aerosol concentrations appeared to peak around 1600 -

1800 PDT, 1 . 5 ± 1 .0 hours after the peak ozone concentration, 

Concentrations of secondary organic aerosol during this period appeared 

to be greatest on Saturday, August 29, one day after the height of the 

ozone episode . 

Primary and Secondary QC Estimates - Au&ust 25 - 31, 1987 

Secondary organic aerosol contributions for August 28 and 29 have 

been calculated using primary OC/EC ratio estimates between 1 .4 and 2 . 9, 

and they are shown in Figure 12. The vertical lines display the range 

of secondary QC concentrations which result from calculations witb the 

range of primary QC/EC ratios. The secondary organic aerosol component 

peaked at about 1600 - 1800 PDT on both days, and maxima of 11 µgC/m 3 on 

August 28 and 15 µgC/m3 on August 29 were calculated using a primary 

ratio of 2.2, which is the mid-point of the primary QC/EC range. This 

corresponded to about 52% and 69% of the organic aerosol present during 

the 1600 - 1800 PDT collection period on August 28 and 29 respectively. 

The primary organic aerosol component on August 28 reached a maximum 

concentration of 15 µgC/m3 during the 1400 - 1600 PDT collection pe1riod. 

On Saturday, August 29 the primary organic aerosol component calculated 

using a primary OC/EC ratio of 2.2 . reached a maximum concentration of 11 

µgC/tn 3 between 0400 and 0800 PDT. 

The August 28 calculations made with a primary ratio of 1.4 resulted 

in a secondary OC component which contributed significantly to the 

ambient aerosol throughout much of the day, whereas the calculations 

made with a primary ratio ~f 2 . 9 resulted in a secondary OC component 

which was not important except near the 1600 • 1800 PDT collection 

period, which was the peak time for secondary formation. It is clear 

from this investigation that at the height of _the August 27 - 31 episode 

secondary formation contributed a sizable fraction of the mid-day 
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organic aerosol concentrations at Claremont. However, a more 

quantitative understanding of secondary organic aerosol 

concentrations requires a more quantitative understanding of primary 

organic aerosol and the primary OC/EC ratio. A comprehensive 

investigation of the primary OC-EC relationship will be presented in 

Chapter 5 . 

Identification of Other Periods of Secondary Formation 

Secondary formation of organic aerosol was identified during thi~ 

August 27 - 31, 1987 period in Claremont, California by comparing (1) 

the diurnal profiles of OC with those of EC and ozone, (2) daily OC - EC 

correlations, and (3) graphs of OC vs EC. These techniques have been 

used below to identify other periods of significant secondary organic 

aerosol formation during SCAQS. Graphical displays of concentration 

data are always important as a first indication of days of interest. Of 

particular interest when looking for secondary organic aerosol is 

identifying episodes of elevated ozone concentrations and days when. OC 

and OC/EC peak near the time of the peak ozone concentration . Ozone is 

a product of the general photochemical smog sequence and indicates times 

when conditions are conducive to photochemical activity in the 

atmosphere. Previous work done in this laboratory showed that mid-day 

Pasadena nitrate concentrations correlated well with secondary QC 

estimates (Turpin et al . , 1991) suggesting that elevated nitrate 

concentrations could be used to identify periods when secondary QC 

formation was likely . 

Table 4 shows the coefficients of determination (R2
) between QC and 

EC samples for several summer days; correlations for a few fall days 

have been included for comparison. Low correlations between OC and EC 

generally indicate that the concentrations of these two aerosol 

components peaked at different times of day (i.e . Type (2) days) and 

suggest different origins for EC, a primary aerosol component, and a 

significant fraction of the organic carbon. On Type (2) days the 

morning aerosol which includes the EC peak is typically of local origin, 

and in the afternoon when QC peaks the aerosol is typically composed of 

aged pollutants transported from the Long Beach - Los Angeles source 

region. It is likely that the additional organic carbon present in. the 

afternoon cannot be explained by common origin with elemental carbon and 
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Table 4. COEFFICIENTS OF DETERMINATION BETWEEN OC AND EC 

Date R2 Type 

June 22 62% (2) 
23 95% (1) 
24 98% (1) 
25 75% (2) 
26 82% (1) 
27 22% (2) 
28 17% (EC very low)_ 

July 11 65% (2, but EC very low) 
12 36% (2, but EC very low) 
13 33% (2) 
14 87% (1) 
15 95% (1) 
16 87% (1) 
17 80% (1) 
21 80% (1) 
22 38% (2) 
23 16% (2) 
24 49% (1)
is 13% (2) 
26 5% (2) 
27 47% (2) 
28 41% (2) 
29 30% (2) 

August 25 89% (1) 
26 72% (1) 
27 50% (2) 
28 38% (2) 
29 0% (2) 
30 24% (2) 
31 28% (2) 

September 2 31% (2) 
3 45% (2) 

November 16 72% 
17 80% 
18 91% 
19 81% 

December 3 74% 
9 57% 

10 88% 
11 83% 
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is secondary organic aerosol. However, it is also possible that the 

OC/EC ratio of the primacy aerosol transported from the Long Beach - Los 

Angeles region is higher than the primary OC/EC ratio of the local 

aerosol. Therefore, an understanding of the variability of the primary 

ratio is important to positive identification of periods of secondary 

formation, Days with low OC ·- EC correlations in which the increase in 

the ambient OC/EC ratio cannot be explained using information about the 

primary OC/EC ratio undoubtedly contain significant secondary organic 

aerosol. 

High OC - EC correlations generally occur on Type (1) days and can 

result because the organic carbon present is almost entirely primary, or 

the high correlations can be the result of common meteorology. On Type 

(1) days the wind is continuously transporting parcels of air from the 

Long Beach• Los An~eles source region east through Claremont. 

Elemental carbon, primary organic carbon, oxides of nitrogen and 

precursors of secondary organic aerosol are all emitted and transported 

together . If conditions for secondary organic aerosol formation are 

favorable , photochemical reactions involving these precursors take place 

during transit, and the secondary organic aerosol which results will be 

highly correlated with the primary tracers with which it was 

tral)Sported. For these reasons, low OC - EC correlations are a strong 

indication of the presence of significant secondary organic aerosol, but 

when the correlation between OC and EC is high, it is necessary to 

examine the data in more detail to determine whether or not secondary 

organic aerosol contributed significantly to organic aerosol 

concentrations at the •site.. Plots of DC vs. EC and observation of the 

QC/EC ratio over the course of the day can be very useful. 



38 

Ambient ratios of OC/EC which are greater than the OC/EC ratio of 

. the primary aerosol indicate times when secondary formation occurred, 

and the ambient OC/EC ratio is related to the fraction of organic 

aerosol which is secondary. However, the amount of secondary organic 

aerosol depends not only on the ratio,·but also on the ambient 

concentrations (see Eqs. 4.1 and 4.2). For this reason, plots of OC vs. 

EC are much more useful than .ambient OC/EC ratios in identifying periods 

of significant secondary formation. Determination of· se.condary organic 

aerosol concentrations is complicated by the fact that the primary ratio 

can vary, but the general direction of increasing secondary organic 

aerosol concentrations can be shown in OC-EC plots by assuming a typical 

primary OC/EC ratio and drawing lines of constant secondary OC. Graphs 

of organic carbon vs elemental carbon (and therefore OC/EC) for a 

variety of summer and fall SCAQS sampling days are shown in Figures 13 -

20. Lines of constant secondary OC (5 and 10 µgC/m 3
) have been drawn 

assuming a primary OC/EC ratio of 2.2. 

Plots of OC and EC, OC - EC correlations, and comparison of the 

diurnal profiles of organic carbon with those of elemental carbon and 

ozone provided evidence for considerable secondary formation during five 

periods: June .12 - 14, June 22 - 28, July 11 - 13, July 25 - 29, and 

August 27 - 31, 1987. SCAQS did not officially begin until after the 

June 12 - 14 period, and therefore no supplemental data were available 

for this period. During these periods the amount of time the data fell 

above the "secondary OC" - 10 µgC/m 3 line increased as the episode 

developed and then decreased again. Ozone and OC concentrations also 

built, usually peaking on the same day, but light scattering often 

continued to increase for one or two days following the ozone peak. 

Secondary OC seemed to reach its daily maximum during the 1600 - 1800 

PDT collection period, one to two hours after the maximum ozone 

concentration in Claremont. It is interesting to note that of the days 

when the peak daily OC concentration was greater than lo above average 

(Table 5), all days but one, July 14, have been identif~ed as high 

secondary OC days. 
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Figure 13. Particulate organic and elemental carbon concentrations 
(µgC/ m3

) for June 12 -15 , 1987 at Claremont, California. The 
midpoints of the averaging periods of several samples are 
labeled in Pacific Daylight Time, and two lines of constant 
•secondary organic carbon• (secondary OC - 5 and secondary 
OC - 10 µgC/m3

), calculated using a primary OC/ EC ratio of 
2 . 2 (a-0, b-2.2) , are shown. 
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Figure 14 . . Particulate organic and elemental carbon concentrations 
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) for June 21-24, 1987 at Claremont, California. The 

midpoints of the averaging periods of several samples are . 
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OC - 10 µgC/m3

), calculated using a primary OC/EC ratio of 
2.2 (a-0, b-2.2), are shown. 
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Figure 15. Particulate organic and elemental carbon concentrations 
(µgC/m' ) for June 25 -28, 1987 at Claremont, California. The 
midpoints of the averaging periods of several samples are 
labeled in Pacific Daylight Tille, and two lines of constant 
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Figure 17 . Particulate organic and elemental carbon concentrations 

(µgC/m3
) for July 14-17, 1987 at Claremont, California. 

The midpoints of the averaging periods of several samples 
are labeled in Pacific Daylight Time, and two lines of 
constant "secondary organic carbon" (secondary OC - 5 a.nd 
secondary OC - 10 µgC/m3

), calculated using a primary OC/EC 
ratio of 2 .2 (a-0, b-2 . 2), are shown. 
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Figure 18. Particulate organic and elemental carbon concentrations 

(µgC/m3
) for July 22-25, 1987 at Claremont, California. 

The midpoints of the averaging periods of several sampl~s 
are labeled in Pacific Daylight Tine,and two lines of 
constant "secondary organic carbon" (secondary OC • 5 and 
secondary oc - 10 µgC/n3

), calculated using a primary OC/EC 
ratio of 2 . 2 (a-0, b-2.2), are shown. 



45 

3 0 

20 

10 

JULY 26 
0 ,.... 

'e 30 ...... u 
O> 
:i. 

20 
,._, --z 10 

0 
al 0a: 

JULY 27 

<( 
u 30 

u-z 20 

<( 
C, 10 a: - - -0900 

0 -- - JULY 28 
0 

30 

20 

10 

0 
8 10 

ELEMENTAL CARBON (1,1gC/m3) 
Figure 19 . Particulate organic and elemental carbon concentrations 

(µgC .m') for July 26-29, 1987 at Claremont , California . 
The midpoints o·f the averaging periods of several samples 
are labeled in Pacific Daylight Time, and two lines of 
constant •secondary organic carbon• (secondary OC - 5 and 
secondary OC - 10 µgC/ m'), calculated using a primary OC/ EC 
ratio of 2 .2 (a-0, b-2.2), are shown . 

--
JULY 29 

0 2 4 6 



46 

40 

20 

November 16 
0 

'"' 'E 40....... 

~ 
3-· 20 • 

z • 
0 November 17 

0m 
C: 
<( 
0 
Q 

. 40 

z 
<C · 20
C, 

5 November 18 

•
• 0900 

40 

20 • 

November 19 
0-lOl-"'T'""--...-_.-5..--.....--...-.......--.-..., 0-...----..----.--,~5--,,---r:---...-~20 

ELEMENTAL CARBON (pgC/m3) 

Figure 20 . Particulate organic and elemental carbon concentrations 
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) for November 16-19, 1987 at Claremont, California. 
The midpoints of the averaging periods .of several samples 
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) , calculated using a primary OC/EC 
ratio of 2.2 (a-0, b-2.2), are shown. 



47 

Table 5. HIGHEST PEAK OC DAYS DURING THE SUMMER IN CLJ.REMONT 

All days when the peak particulate organic carbon concentration exceeded 
the monthly average by greater than one times the standard deviation of 
the peak concentrations. 

JUNE 12 

24 

25 

26 

JULY 13 

14 

28 

29 

AUGUST 27 

28 

29 
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CHAPTER 5. INVESTIGATION OF THE PRIMARY OC-EC RELATIONSHIP 

Because elemental carbon is a tracer for primary organic aerosol, 

ambient ratios of OC/EC which exceed the ratio of OC/EC for the primary 

aerosol are an indicator of the presence of secondary organic aerosol. 

However, OC/EC emissions ratios vary considerably from ·source to source, 

and therefore the primary ratio will be influenced by meteorology, 

diurnal and seasonal fluctuations in emissions, and the influence of 

local sources. Good primary OC/EC ratio estimates are needed in order 

to compute secondary OC estimates. This chapter conducts an in depth 

investigation of summer and fall OC and EC data and develops and 

discusses primary OC estimates. 

Diurnal Variations 

Diurnal variations in the emission strengths of different sources 

could result in a diurnal variation in the primary OC/EC ratio. OC/EC 

ratios on November 17 - 19 (see Chapter 4) were relatively constant 

throughout the day except for a dip between 0600 and 1000 PST. November 

17 was a day when photochemical activity was highly unlikely, and the 

OC/EC ratio on this day ranged between 1.5 and 2.9 - a variation of 1.4. 

A histogram of the time of the daily OC/EC minimum for all the fall data 

is shown in Figure 21. The minimwn daily OC/EC ratios observed during 

the fall were clustered around 0600 - 0800 PST. Although this dip could 

result because OC/EC ratios at other times were elevated due to some 

secondary formation, it is more likely to result from a dip in the 

primary ratio during the morning rush hour (e.g. from increased diesel 

traffic). An overall primary OC/EC ratio of 2.4 was calculated from a 

comprehensive emissions inventory for the Los Angeles Basin (Gray, 

1986). The gasoline vehicle emission OC/EC ratio was 3.2, whereas the 

OC/EC ratio for diesel highway vehicles was only 0.3. The carbon 

measurements which form the emissions inventory were not corrected for 

organic sampling artifacts. Because adsorption is the dominant sampling 

artifact in the sampling of organic aerosol o~ quartz fiber filters 

(McDow and Huntzicker, 1990; Turpi~, ·1989) these estimates are upper 

bounds. 
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The Long Beach data for the fall sampling period have been used to 

investigate further the diurnal variation in the relationship between EC 

and primary QC by grouping the data into 0000 - 0600 PST, 0600 - 1200 

PST, 1200 - 1800 PST, and 1800 - 0000 PST time periods. Particulate 

organic carbon was then divided into two categories - that associated 

with elemental carbon (b*EC) and the remainder (a). The organic carbon 

in the term b*EC includes combustion generated organic carbon and 

organic carbon associated with combustion through temporal and spatial 

similarities in emissions or precursor emissions. The remainder is an 

aggregate of other non-combustion sources. If secondary organic aerosol 

formation was negligible during the fall, a represents a non-combustion 

constant (e.g. biogenic QC, direct emissions, etc.), and bis an 

estimate of the primary QC/EC ratio, such that 

. ocprl - a + b*EC (5.1) 

·When appropriate values ~fa and b have been determined, ambient QC and 

EC concentrations can be used to estimate primary QC and secondary QC 

(OCsec - OCtot - ocprl). A regression analysis based upon Eq. 5 .1 has been 

performed for the set of fall data by time period. 

The use of a standard linear least-squares approach to determining a 

and bis inadequate because the method in standard use takes into 

consideration only uncertainties in y, and assumes that xis known. 

Thus, the standard method yields different lines when QC is regressed on 

EC and when EC is regressed on OC. Since both QC and EC have associated 

uncertainties, it was necessary to use a more complete least-squares 

solution. Deming (1943) developed a very accurate approximate solution 

to the complete linear least-squares problem, which minimizes the value 

of S where Sis defined as: 
2 2S - L {w(X1) (x1 - X1) + w(Y 1) (y1 - Y1) } (5.2) 

where X1 , Y1 - observations 
x 1 , - calculated valuesy 1 

w(X 1) weight of X1 

w(Y 1 ) - weight of Y1 

Cornbleet and Gochman (1979) compared several approximate solutions and 

concluded that the Deming method was the most useful. Derivations of 

the Deming method and exact solutions are presented clearly by York 

(1966). The weights of X1 and Y1 are taken to be the inverses of the 

variances of X and Y, and in so doing the result simplifies to a 
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dependence on the ratio of the variances. As discussed in Chapter 2. OC 

and. EC uncertainties for the in situ carbon analyzer are not known. 

However, it is likely that the ratio of their var iances is comparable to 

that observed for the laboratory carbon analyzer (Var(EC)/Var(OC) -

0.30), and therefore this estimate was used in the calculations which 

follow. Solutions for the fall data were quite stable with respect to 

rea.sonable changes in the variance ratio . For example, a 

Var(EC)/Var(OC) ratio of 1 .0 resulted in slopes within 0 . 1 of the slopes 

obt.ained using 0.30 for the fall regressions . In response to the 

recommendation of Cornbleet and Gochman (1979), data points whose 

vertical distance from the regression line exceeded four times the 

sta.ndard error of the estimate were eliminated to avoid errors in the 

reg,ression due to outliers . Slopes were nearly identical to those 

obtained when outliers were included, but intercepts were somewhat 

hig;her, and regression errors. lower. A Lotus 123 template developed by 

Robert Gasperini of Geelong Hospital, Victoria , Australia which uses 

macros to compute the standard and Deming linear regression solutions 

(Ga.sperini, 1989) was used to obtain the linear regression fits of this 

Chapter. 

Solutions for a, b, and the standard error of the regres sion for the 

fall data are given in Table 6 and fall OC and EC data are shown with 

reg;ressions in Figures 22 - 26 . These solutions suggest a slope (b ) 

with a dip between 0600 and 1200 PST, which is consistent with the 

observations above and indicate that the nature of primary OC is 

somewhat different during this period . For the period between 0600 and 

1200 PST the slope (b) is 1.6. For all periods the computed slope 

ranges between 1. 6 and 2. 5, a variation of O. 8, and O. 8 - 3 . 3 µgC/m3 of 

the. organic carbon was "residual" . The set of all data indicates a 

slo,pe of 2 . 2 and an intercept of 2 . 3 . 

Pri.rnarv OC-EC Relationship For Use On Type (1) Days and On Type (2) 

A£t:ernoons 

As discussed in Chapter 3 and shown in Figure 6, the sea breeze blew 

comtinuously during the summer on Type (1) days , transporting aged air 

parcels from the Long Beach source re·gion through Claremont: . On Type 

(2) days the morning air mass was dominated by local, Claremont sources, 

but: the mid-day development of the sea breeze brought aged air parcels 
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Table 6. DEMING SLOPES AND INTERCEPTS FOR FALL OC AND EC DATA 

Slopes are estimates of the primary QC/EC ratio. Intercepts 

represent residual QC from sources such as biogenic emissions, 

and other non-combustion sources. Uncertainties are 95% 

confidence intervals. The error is the standard error of the 

regression, and R is the correlation coefficient. 

(OC) - b*(EC) + a 

TIME PERIOD b a ERROR R N 

(PST) 

all times 2.18 ± 0.06 2.3 ± 0.7 2.7 0.94 196 

0000 - 0600 2.26 ± 0.09 1.5 ± 1.1 2.1 0.97 59 

0600 - 1200 1. 74 ± 0.13 2.9 ± 1.5 3.1 0.93 54 

1200 - 1800 2.10 ± 0.12 2.2 ± 0.9 2.8 0.87 137 

1800 - 0000 2.53 ± 0.09 0.8" ± 1.0- 1.8 0.97 54 

0600 - 1000 1.6 ± 0.-2 3.0 ± 2.3 3.3 0.92 34 
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from the Long Beach source region. Therefore, estimates of a and b 

representative of the Long Beach region ~an be considered applicable to 

Claremont on Type (1) days and on Type (2) days after the development of 

the sea breeze. Unfortunately, because of the variable time lag 

involved in pollutant transport between Long Beach and Claremont, 

application of Long Beach information is limited to ·values obtained from 

the entire set of data and the range observed throughout the day. It is 

not possible to apply the time resolved -Long Beach information to 

Claremont as a function of time of day. 

In addition to the a and b estimates in Table 6, several other 

pieces of information about the primary aerosol are applicable to these 

Claremont periods. November 17, discussed above and in Chapter 4, was a 

day when photochemical activity was highly unlikely. On this day the 

OC/EC ratio ranged from 1.5 to 2.9 and the Deming regression gave a 

slope'of 2.3 and an intercept of 1.9, consistent with the overall fall 

regression. The November 17 data and regression line are shown in 

Figure 27 and the regression equation is given in Table 7. 

A monitoring program comprised of 24 hour samples (Gray el al., 

1986) conducted for one year resulted in r~tios of mean OC/EC of 1.4, 

1.6, and 1.6 ~or Lennox, downtown Los Angeles, and Long Beach 

respectively. These locations are near the ocean, and pollutants are 

mostly fresh. Little seasonal dependence was seen in these ratios, 

indicating that secondary formation did not contribute significantly to 

these 24 hour average OC concentrations. Unfortunately, the Gray et al. 

(1986) samples were not corrected.for vapor adsorption artifacts on the 

quartz fiber filters and are therefore an upper bound. 

Another approach to characterizing primary OC is to look at periods 

during which the influence of primary emissions appears to be 

particularly strong. On December 3 and 12, the daily peak elemental 

carbon concentration was greater than one standard deviation above the 

average daily-peak concentration for the fall data. The peak carbon 

monoxide concentration on December 3 was also more than one standard 

deviation above the monthly mean peak. The elevated EC and CO peaks 

indicate that there was a strong primary component to the aerosol at 

this time, ·and the ambient OC/EC ratios at the time of the EC peak (1.6 

and 2.3 at 0720 - 0840 PST December 3 and 0200 - 0320 PST December 12 

respectively) are therefore representative of the primary OC/EC ratio. 
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TABLE 7. DEMING REGRESSION BETWEEN OC AND EC FOR NOVEMBER 17, 1987 

IN LONG BEACH, CA 

Slopes are estimates of the primary OC/EC ratio. Intercepts repr~sent 
residual OC from sources such as biogenic emissions, and other non
combustion sources. Uncertanties are 95% confidence intervals. The 
error is the standard error of the regression, and R is the correlation 
coefficient. 

(OC) = b*(EC) + a 

TIME PERIOD b a ERROR R N 
(PST) 

all times 2.2 ± 0.2 1.9 ± 1.5 0.9 0.99 10 



61 

If Eq. 5.1 is applied to this period and an a estimate of 2.3 from the 

fall data is used, b values of 1.5 on DecembeJ~ 3 and 2.2 on December 12 

are calculated. 

SCAQS took place on an unusually cool summ1er which included one day 

in which Claremont was overcast for the entir◄~ day, July 16, 1987 . On 

this day the peak ozone concentration at Claremont was inore than one 

standard deviation below the mean daily peak i::oncentration for the 

summer study . The low ozone concentrations and overcast conditions 

suggest that little or no secondary aerosol formation took place on July 

16. The QC/EC ratio on July 16 ranged between 2. 9 and 4. 3, which is 

higher than the primary OC/EC ratio estimates above. The difference 

between the highest and lowest ratios on July 16 was 1.4, which is 

comparable to the variation observed in the OC/EC ratio on November 17. 

J uly 16 is a Type (1) day, meaning the sea br,~eze is continuously 

transporting air from the Long Beach source r1~gion through Claremont , 

and primary ratios observed for the Long Beach aerosol should be 

applicable. Although it is unlikely that significant secondary 

formation occurred on July 16, it is possible that secondary organic 

aerosol which formed on previous days was still present or recirculated 

like ozone aloft. Elevated OC/EC ratios would also result if a is 

significant relative to b*EC (Eq. 5 .1) . For ;this reason a regression 

analysis was performed on the July 16 data . Table 8 shows the Deming 

regression results for QC as a function of EC, and the July 16 QC and EC 

data are plotted in Figure 28 . The regressio1r1 gives a slope (b) of 2. 5 

and 2.0 µgC/m 3 of "residual" or non-combustion organic carbon . These 

values are consistent with the Long Beach est;imates. 

The period July 15-17 , 1987, has been prev·iously identified as a 

Type (1) period . Concentrations of total and primary organic carbon for 

that period were estimated from Eq. 5 .1 with ,9-2. 0 and b-2. 5 and are 

shown in Figure 29. Ozone concentrations reached 15 pphm on July 15, 

and peak ozone, OC and EC concentrations were all lower than on the 

previous day. The high pressure ridge was we.akening and on-shore flow 

increasing. The cloud cover was complete in the morning, but burned off • 

to yield scattered clouds at mid-day . Overca1st conditions returned in 

the evening. The secondary QC estimate reach1ed 4.4 µgC/m 3 around 1400 -

1600 PDT and dropped to zero in the evening. Primary sources appeared 

to account for most of the organic aerosol although it appears that some 
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TABLE 8. DEMING REGRESSION BETWEEN OC AND EC FOR JULY 16, 1987 IN CLAREMONT,CA 

Slopes are estimates of the primary OC/EC ratio. Intercepts 
represent residual OC from sources such as biogenic emissions, 
and other non-combustion sources. Uncertainties are 95% 
confidence intervals. The error is the standard error of the 
regression, and R is the correlation coefficient. 

(OC) - b*(EC) + a 

TIME PERIOD 
(PST) 

b a ERROR R N 

all times 2.5 ± 0.5 2.0 ± 1.2 0.4 0.93 9 
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secondary formation· took place. ·On July 16, ozone did not exceed. 5 

pphm, the sea breeze blew continuously, and it was overcast all day. 

Small peaks in the secondary OC estimates were observed in the pre-dawn 

hours and in the late afternoon, but secondary OC estimates were quite 

small. The pre-dawn peak will be discussed later. A slight drizzle 

began around midnight and developed into continuous rain in the pre-dawn 

hours of July 17. It was mostly cloudy on July 17 with showers 

continuing through mid-day. Ozone remained below 5 pphm and QC and EC 

continued to drop. 

If the July 16 Deming regression parameters are used for July 17, a 

negative secondary OC concentration is estimated - which of course, has 

no physical meaning. It is possible that the rain scavenged the 

"residual" carbon represente~ by (a). If a were zero on July 17, then 

the secondary OC estimate would be approximately zero.. This 

illustrates the difficulty of applying this.phenomelogical approach from 

one day to another when the meteorological conditions are so different -

particularly as it applies to the parameter (a). 

Table 9 swnmarizes the information gathered about a and b for use on 

Type (1) days and on Type (2) days after the onset of the sea breeze. 

Values for a range between 0.8 and 2.9, and b falls between 1;7 and 2.5. 

Primary organic aerosol concentrations will be assumed to be described 

by Eq. 5.1 with values of a and b falling in these ranges when the air 

mass of interest has been transported by means of the sea breeze from 

the Long Beach source region. For the sake of simplicity, the figures 

in Chapter 6 have been generated ·using the midpoints of these ranges 

(a-1.9 and b-2.1). 
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TABLE 9. ESTIMATES OF CONSTANTS FOR USE ON TYPE (1) DAYS AND ON TYPE (2) 
DAYS AFTER SEA BREEZE DEVELOPMENT 

Primary OC is described as (a+ b*EC) and secondary OC is the 
difference between total OC and primary OC. The information 
below is of interest in estimating a and b. 

b a 

November 17, overcast all day, low 03 OC/EC range 1.5 - 2.9 
Deming slope 2.2 1. 9 

All fall data, Long Beach Deming slopes: 
all times 2.2 2.3 
0000 - 0600 PST 2.3 1.5 
0600 - 1200 PST 1.7 2.9 
1200 - 1800 PST 2.1 2.2 
1800 - 0000 PST 2.5 0.8 

Fall ECPk > la OC/EC at pk EC: 
December 3 1. 6 
December 12 2.3 

Setting a-=1.9 December 3 1. 6 1. 9 
Setting a-1.9 December 12 2.2 1. 9 

July 16, overcast all day, low 03 Deming s lop·e 2.5 
2.0 

November 11, 0140 - 0300 PST, lowest fall OC/EC 0.8 

September 3, 0600 -·0800 PDT, lowest summer OC/EC 1. 3 

Other studies (no artifact correction): 

Gray et al., 1986 
Lennox, yr average of 24 hr samples mean OC/EC 1.4 
Los Angeles, (same) mean OC/EC 1. 6 

Emissions inventory (Gray, 1986) 
Los Angeles Basin emissions· OC/EC -2.4 
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Primary OC-EC Relationships on Type (2) Mornings 

Prior to the d~velopment of the sea breeze on Type (2) days, the air 

mass was either still or a slight breeze blew from the northeast . 

Elemental carbon concentrations peaked around 0800 - 1000 PDT, and this 

peak was probably the result of an accumulation of local emissions 

during the morning inversion. Therefore, it is necessary to determine a 

primary OC-EC relationship for the local Claremont aerosol to apply to 

these data . Time-resolved regressions of Long Beach data indicate that 

there is a decrease in the value of b between 0600 and 1000 hours . If 

this decrease is the result of the morning traffic patterns , a similar 

decrease might be expected in Claremont when local emissions dominate . 

Table 10 gives the Deming regression resul ts for Type ( 1), Type (2) , and 

all summer data collected between 0600 and 1000 PDT . Results for 0000 -

0600 PDT and 0600 - 1200 PDT Type (2) data are also given . These OC and 

EC data are plotted with their regression lines in Figures 30 - 34. By 

excluding the 1000 - 1200 PDT data from the regression, the correlation 

coefficient (R) increased significantly, suggesting that this time 

period does in fact present a special case. The values of a and b for 

0600 - 1000 PDT Type (2) days are estimated to be 5. 3 and 1 .2, but it 

should be noted that the correlation (R-0.67) was not strong. The 

reason for the large value of "residual" organic carbon is unclear, but 

it might result from an increased biogenic component when the local 

aerosol dominates or from secondary aerosol retained from the previous 

day . 

Type (2) mornings with dominant influence of fresh local emissions 

can also be inves tigated by looking at mornings when primary pollutants 

are greater than one standard deviation above their mean daily-peak 

values . All days when the daily peak elemental carbon concentration 

was greater than one standard deviation above the average daily-peak 

concentration and the EC peak occurred before sea breeze development are 

shown in Table 11. These peaks all occur in the 0600 - 1000 PDT time 

period . Averages and standard deviations were computed separately for 

the summer study (June 12 - July 29) and the summer extension (August 17 

- September 3). On July 29 the EC peak was greater than 2a above the 

average daily-peak, and July 27 - 29 and August 28 and 31 were also high 

peak CO days . Because of the prominence of primary pollutants, OC and 

EC concentrations at the time of the EC peak on these days should be 
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TABLE 10. DEMING REGRESSIONS BETWEEN OC AND EC DURING 

MORNING PERIODS IN CLAREMONT,CA 

Slopes and intercepts are used in the equation below to describe 
primary organic aerosol concentrations. Uncertanti~s are 95% 
confidence intervals. The error is the standard error of the 
regression, and R is the correlation coefficient. 

(OC) - b*(EC) + a 

TIME PERIOD b a ERROR R N 
(PDT) 

Type (1) 0600 - 1000 3.1 ± o·.3 0.7 ± 0.8 0.8 0.90 20 
Type (2) 0600 - 1000 1.2 ± 0.3 5.3 ± 1.5 2.0 0.67 40 
All data 0600 - 1000 1. 3 ± 0.1 5.4 ± 0.8 2.1 0.62 99 
Type (2) 0000 - 0600 4.2 ± 0.4 0.0 ± 0.8 1. 2 0.49 64 
Type (2) 0600 - 1200 1.4 ± 0.3 5.1 ± i.4 2.3 0.54 61 
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TAE,LE 11 . DAYS WHEN EC PEAK EXCEEDS ONE STANDARD DEVIATION ABOVE AVERAGE 

Days were only listed if the EC peak occurred before the 

development of the sea breeze . Times indicate when the 

elemental carbon peak occurred . 

DATE oc EC OC/EC b WHEN a-5.3 

June 25 0800 - 1000 22 .1 7 . 6 2. 9 2 .2 

July 13 0600 - 0800 12 . 8 7 . 5 1. 7 1.0 

27 0600 - 0800 13 . 2 7 . 5 1 . 8 l.l 

28 0800 - 1000 10 . 2 6 . 1 1. 7 0. 8 

29 0800 - 1000 16 . 5 9 . 6 1. 7 l. 2 

August 28 0600 - 0800 12 . 8 9.0 1.4 0 . 8 

31 0800 - 1000 13.5 9 . 6 1.4 0 . 9 
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representative of the primary aerosol for Type (2) days du.ring the 0600 

• 1000 PDT period. Table 11 shows OC, EC, OC/EC and estimates of b 

assuming a-5.3. The average b estimate is 1.1, which is consistent with 

that obtained using the Deming regression. There is no evidence to 

indicate that this dip in the value of b occurs on Type (1) days . On 

these days the continuous sea breeze dilutes the effect of the local 

emissions. 

The Deming regression yielded estimates of 0.0 and 4 . 2 for a and b 

respectively for 0000 · 0600 PDT Type (2) data . The QC - EC correlation 

coefficient (R) was only 0.49 for this period and the intercept was 

lower than the values obtained at other times . In addition , the value 

of b, which is equal to the OC/EC ratio for combustion aerosol, is much 

higher than all primary OC/EC ratios estimated above . The ratio of mean 

OC to EC concentrations is also 4.2 which agrees with the values 

determined by the Deming regression for the 0000 - 0600 PDT period . The 

lar.ge amount of scatter in these data make these a and b estimates 

suspect, and the high OC/EC ratios observed during the 0000 • 0600 PDT 

period are not well understood. However, because of the relatively 

lower concentrations observed during this time period, the effect of 

this uncertainty is not great. 

It is possible that this high pre-dawn OC/EC ratio is due to the presence 

of secondary OC which was transported through Claremont on the previous 

afternoon and is passing back through Claremont with the weak nighttime land 

breeze. Alternatively, the land breeze from the northeast could bring in a 

higher biogenic component from the mountains , Such a contribution could be 

manifest in b rather than a if the emissions (or precursors) were closely 

related spatially and temporally to the combustion emissions . Another 

possibility, suggested by Grosjean to explain nighttime formic and acetic ac id 

peaks (Grosjean, 1989), is that although ozone concentrations are lower at 

night, the ozone·olefin reaction followed by the Criegee biradical-water 
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reaction is favored under high humidity conditions at night when the yield 

from the OH-olefin reaction is small, and this reaction mechanism produces 

secondary organic aerosol in the pre-dawn, high humidity environment. 

It has become clear in this investigation that the primary organic aerosol 

during the 0600 - 1000 PDT period has somewhat different characteristics than 

the primary aerosol during the remainder of the day, at lea.st on Type (2) days 

for both summer and fall study periods. The Deming regression indicates a and 

b estimates of 5.3 and 1.2 respectively for the 0600 - 1000 PDT period on Type 

(2) summer days. For the 0600 - 1000 PST fall days a-3.0 and b-1.6 will be 

used to describe primary OC. For Type (2) days after the development of the 

sea breeze and for Type (1) days (Table 9) the midpoints of the ranges of a 

and b, (1.9 and· 2.1 respectively) will be used for the remainder of the data 

to estimate primary and secondary OC. It was not possible to develop an 

understanding of the pre-dawn period through this analysis, and therefore 

primary and secondary OC concentration estimates for these periods are highly 

uncertain. 

The conclusions of this. chapter can be summarized as follows: 

(1). An appropriate model for primary OC is OCprl - · a + b*(EC) 

(2). For Type (1) summer days appropriate values of a and bare 1.9 and 2.1, 

respectively. 

(3). For Type (2) summer mornings between 0600 - 1000 PDT appropriate values 

of a and b are. 5. 3 and 1. 2, respectively. 

(4). For Type (2) summer days after the onset of the sea breeze appropriate 

values of a and bare 1.9 and 2.1, respectively. For lack of better 

estimates these values will also be used for nighttime (0000 - 0600 PDT) 

Type (2) days. 

(5). For the 0600 - 1000 PST period on fall days appropriate values of a and b 

are 3.0 and 1.6, respectively. For other times of day a and bare 1.9 

and 2.1, respectively. 
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TABLE 12. DEMING REGRESSIONS BETW'EEN OC AND EC FOR 0600 - 1000 PST FALL DATA 

Slopes and intercepts are used in the equation below to describe 
primary organic aerosol concentrations. Uncertanties· are 95% 
confidence intervals. The error is the standard error of the 
regression, and R is the correlation coefficient. 

(OC) - b*(EC) + a 

TIME PERIOD b a ERROR R N 
(PST) 

0600 - 1000· 1.6 ± 0.2 3.0 ± 2.3 3.3 0.92 34 
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CHAPTER 6 . PRIMARY AND SECONDARY ORGANIC AEROSOL 

Description of Results 

Figures 36 - 47 show total and calculated primary OC estimates for several 

periods during the summer and fall studies . Secondary QC constitutes the 

difference. Primary QC for the summer period was calculated using the 

equation : 

ocp, 1 - 1. 9 + 2. l*EC (6 .1) 

except between 0600 and 1000 PDT on type (2) days, when : 

QCp,1 - s. 3 + 1. 2*EC, (6.2) 

and secondary OC was the calculated difference between total OC and primary 

OC. A dip in the primary ratio between 0600 and 1000 was also observed for 

the fall data . As a result, primary QC for the fall period was also 

calculated using Equation (6 . 1), except between 0600 and 1000 PST when : 

ocp, 1 - 3. o + 1. 6*EC. (6 . 3) 

July 16 - 17, and the fall periods shown (November 11 - 13, 17 - 19, and 

December 9 - 11) in Figures 41 and 47 are examples of times when significant 

secondary formation was unlikely. Calculated primary OC concentrations 

approached total OC concentrations on July 16, and actually surpassed the 

total slightly on July 17. It rained quite hard in the early morning on July 

17, which might have resulted in a lower background concentration of organic 

carbon. In other words, rain might have significantly enhanced the removal of 

particulate carbon, leading to an a of 1.9 being an overestimate. Regardless, ~ 

it is clear that the organic aerosol present during these days is dominated by 

aerosol of primary origins. In ge,ne,ral, calculated primary OC estimates 

during November 17 - 19 and December 9 - 11 periods also vary above and below 

total OC with a range that is reasonable with respect to the variations in the 

primary aerosol noted in Chapter 5. Primary OC, essentially identical to 
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Figure 36. Total organic carbon and calculated primary organic carbon 
(µgC/m 3

) for June 12-14, 1987 at Claremont, CA. Primary 
organic carbon was calculated using a-1.9, b-2.1. 
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Figure 42 . Total organic carbon and. calculated primary organic (µgC/m,) 
for July 24-26, 1987 at Claremont, CA. Primary organic 
carbon was calculated using a-1.9, b-2.1 with the exception CD 

of the 0600 - 1000 Pacific Daylight Time samples. °' 
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Figure 43. Total organic carbon and calculated primary organic (µgC/m ]) 
for July 27-29, 1987 at Claremont, CA. Primary organic 
carbon was calculated using a-1. 9, b-2 . 1 with the exception CD 

of the 0600 - 1000 Pacific Daylight Time samples . " 
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Figure 44. Total organic carbon and calcu~ated primary organic (µgC/ m') 
for August 26-28, 1987 at Claremont, CA. Primary organic 
carbon was calculated using a-1.9, b-2 . l with the exception CD 

OD 

of the . 0600 - 1000 Pacific Daylight Time· sa111ples . 
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Figure 45. Total c,rganic carbon and calculated primary organic (µgC/m1 
) 

for August 29- 31, 1987 at Claremont, CA. Primary organic 
carbon was calculated using s-1. 9 , b-2 . 1 with the exception 
of the 0600 - 1000 Pacific Daylight Time samples . 
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Total organic carbon and calculated primary organic (µgC/m 3) 

for November 11-13, 1987 at Long Beach, CA. Primary 
organic carbon was calculated using a-1.9, b-2.1 with the 
exception of the 0600 - 1000 Pacific Daylight Time samples . 

7 

'° 0 



50 
Tu 

"' 1: ....... 
0 
C> 
3-
0 
0 

0 

11/17 

Figure 47 . 

We Th 

40 
~-
~ ~ ,, 
~ ~ ., 
~ ,, ; 

,, ,,,. ., 
~ ,, ,, ., ,, 

30 - •~ ,,~ ., 
,, ~ ,, ,, 
~ ., ., ,, • ., 

" ,, 
"" 

,, ,I 

" ,, ,, ,, ., ,, ,I ,, ... ,, "" ., 
20 - ., ., ; "" ., ,. II ,. ., ; 

" " " ",I ,I ,I ,, ,I ,I ., ,, ., ,, ., .. " ,,
" ",I ,I ., ,, ., 

"" ,I 
,I ,, ., ,I ., ., "" -

• 
,I ., ., ,I ~ ,I ., ,,,. ,I ,I ,I ,I ,, ,, 

"" 
.,,. ., ,, 

10 
; ,I ,I ~ ., ., ., ; ,I ; ; ; J ; ; ; ., ; ,I 

-,, ~ 

" ,I 
., ,I ,I ,, ,, ., ., ., ,I ., ., ,I ; .,,. ; ., ., ,. ,I 

" " " " 
"" ,I 

,, ,, ,, ,I ,I " ,I ,, ., ,I II ,I ,I ,, ,I ,, ,I ., ,, ., ,I 

" 
"" ,I 

,I ,, ,. ,, ,, ~ ,I ., ,,,. ,I ,I ., ,I ., ., .,,. .,,. ,I ,I ,I ,. ,, 
" " " " "",, ,, ,, ,I ,, ,, ,. ,I ,I ~ ,I ; ; ,I ., ,I ,I ,, ,, 
"., ,I ,I ,I ,, ,, ,, ., ; ,I ,I ,I ,I ,I 

"" ,I 
,I ,I ,I ,, 

w 

0 TOTAL OC 

a PRIMARY OC 

~ 

,, 

,I 

,, 
,I 

~ 

~ 

,, 

,I 

,, 
,I 

,I 

,, ~ 

~ 

~ 

,I 

,, 
,, 

,, 
,, 
,, 

,I 

,I 

; 

,, 
,, 

; 

,, 
,, 
,, 
,. 

,I 

,, 

~ 

,I 

,, 

,I 

; 

,I 

,I 

,I 

,I 

I 

11/18 11/19 

1987 

Total organic carbon and calculated primary organic (µgC/m') 
for November 17-19 , 1987 at Long Beach, CA. Primary 
organic carbon was calculated using a-1.9, b-:~.l with the 
exception of the 0600 - 1000 Pacific Daylight Time samples . 
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Total organic carbon and calculated primary organic (µgC/m') 
for December 9-11, 1987 at Long Beach, CA. Primary organic 
carbon was calculated using a-1.9, b-2 . 1 with the exception 
of the 0600 - 1000 Pacific Daylight Time samples. · 
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total OC during these periods, tends to peak at night. However, just after 

midnight on November 11 and between midnight and 0800 PST on November 12 the 

model fails to adequately describe the aerosol. The ambient OC/EC ratio drops 

to 0 . 8 and 1.0 on November 11 and 12 respectively. These ratios are the 

lowest observed during the entire study and determination of OCp,; by the 

equations derived above results in secondary OC estimates which are 

significantly below zero . The reason for such low ambient ratios is not 

immediately clear, but it is likely to be the result of some unusual local 

source such as an unusually large amount of diesel activity at the neighboring 

McDonnell Douglas hangers . 

Calculated concentrations of primany OC exceeded total OC measurements 

between 0600 and 1000 PDT on July 22 and 28 and August 26 -31 (Figures 41 -

45) . This indicates that despite the use of a separate equation for primary 

OC during this period at times the "residual" organic carbon (s) or primary 

OC/EC ratio (b) is even lower than that estimated. Brush fires occurred in 

San Bernardino County on July 28 and the influence of this source on the 

ambient aerosol could conceivably be responsible for a lower combustion OC/EC 

ratio on July 28 if the fire was burning with sufficient oxygen. Witb the 

possible exception of July 28, overestimates of primary OC suggest that the a 

and b estimates for the 0600 - 1000 period are not totally satisfactory, 

perhaps due to the limited size of the data set and lower correlations in the 

regressions . The 0600 - 1000 period can be expected to be dominated by 

primary aerosol . Therefore when calculated primary OC exceeds total OC 

between 0600 and 1000 hours , the organic aerosol will be assumed to be 

entirely primary . 

Figures 49 - 58 show total and sec~ndary OC estimates for several swnmer 

periods . Secondary DC is the difference between measured total OC and 

calculated primary OC. The summer studies included both days of high and low 
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Figure 49. Total and secondary organic carbon (µgC/m') for June 12-14, 
1987 at Claremont, CA. Secondary organic carbon is the non
negative difference between measured total and calculated 
primary organic carbon. 
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Figure 50 . Total and secondary organic carbon (µgC/m,) for June 23-25, 
1987 at Claremont, CA. Secondary organic carbon is the non
negative difference between measured total and calculated '° primary organic carbon . "' 
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Total and secondary organic carbon (µgC/m3
) for June 26-28, 

1987 at Claremont, CA. Secondary organic carbon is the non
negative difference between measured total and calculated 
primary organic carbon. 
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Figure 52. Total and secondary organic carbon (µgC/m3 
) for July 11-13, 

1987 at Claremont, CA. Secondary organic carbon is the non
negative difference between measured total and calculated ,0 .....primary organic carbon . 
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Figure 53. Total and secondary organic carbon (µgC/m') for July 15-17, 
1987 at Claremont, CA. Secondary organic carbon is the non ..,negative difference between measured total and calculated 

co
primary organic- carbon. 
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Figure 54. Total and secondary org11mic carbon (µgC/m') for July 21-23 , 
1987 at Claremont, CA. Secondary organic carbon ls the non
negative difference betl~een measured total and calculated 
primary organic carbon. 
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Figure 55 . Total and secondary organic carbon (µgC/m') for July 24-26, 
1987 at Claremont, CA. Secondary organic carbon is the non
negative difference between measured total and calculated .... 
primary organic carbon . 0 
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negative difference between measured total and calculated 
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secondary formation. When secondary OC concentrations were significant, the 

daily primary QC maximum typically occurred between 0600 and 1000 PDT, whereas 

secondary QC peaked in the afternoon between 1400 and 1800 PDT. There were 

days, however, when both primary and secondary OC peaked between 1200 and 1600 

PDT. During the episodes of significant secondary formation identified in 

Chapter 4 (June 12 - 14, June 22 - 28, July 11 - 13, July 25 - 29, and August 

27 - 31) the concentration of secondary OC exceeded 40% of the total OC 

concentration at some time on each day with the exception of August 27 and 31. 

However, the daily peak secondary OC concentration rarely exceeded the daily 

peak primary QC concentration on weekdays. In contrast, the peak 

concentration of secondary OC was greater than the peak primary OC 

concentration on all weekend days during these five episodes except June 14. 

In addition, the contribution of secondary OC to total OC reached 40% earlier 

on weekends than on weekdays. 

The first episode of significant secondary OC formation, June 12 - 14 

(Figure 49); occurred before the official beginning of SCAQS, and was probably 

the end of a longer episode. Friday, June 12 was one of the few weekdays 

during sampling when the peak secondary OC concentration exceeded the peak 

primary OC concentration. The peak secondary OC 

concentration increased on Saturday, June 13 reaching 14 µgC/m 3 (66% of total 

QC) and began to drop again on Sunday. The fraction of OC which was secondary 

peaked at 69% at 1200 - 1400 PDT on Sunday, although the secondary OC 

concentration had dropped from Saturday to 9 µgC/m 3 
• 

Primary sources accounted for almost all of the organic carbon at night and 

until 1200 PDT on Friday. 

June 23 - 28 are shown in Figure~ SO and 51 and comprise the second 

episode. Organic carbon concentrations increased from a daily peak of 12.0 

µgC/m3 on June 20, to 29.4 µgC/m3 on June 24. Primary OC peaked on Thursday, 
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June 25, and secondary OC increased to 14 µgC/ml on Wednesday , June 24 . The 

secondary peak decreased Thursday and Friday and reached a new high of 14 

µgC/m 3 at 1600 - 1800 PDT on Saturday, June 27. At the time of the secondary 

OC peak on June 24 and 27 secondary OC accounted for 47% and 69% of the 

organic aerosol, respectively. Secondary OC accounted for at least 40% of the 

total organic aerosol between 1000 and 2000 PDT on most of these days . 

Primary OC dominated at night, and was responsible for roughly half or more of 

the organic aerosol at all times during the week. The contribution of 

secondary OC was particularly strong on the weekend . 

As discussed in Chapter 3, July 11 - 13 (Figure 52) was an episode 

developing with the assistance of a high pressure ridge which was quenched 

with, the development of "winter-like" meteorological conditions in the Los 

Angeles Basin. OG and ozone actually peaked on Tuesday, July 14, but because 

of the importance of secondary OG on weekends the secondary OC episode was 

identified as Saturday, July 11 to Monday, July 13 . On Saturday and Sunday 

primary OC peaked between 1000 and 1200 PDT at 6 . 3 and 6 . 5 µgC/m 3 

respectively, and secondary OC peaks of 9 and 12 µgC/m 3 occurred between 1400 

and 1800 PDT and comprised 77% and 68% of the total organic aerosol . Primary 

QC dominated at night but secondary OC reached 40% of OC by 1000 - 1200 PDT on 

the weekend. Monday, July 13 was a Type (2) day. It should be noted that as 

discussed in Chapter 5 the proper division between primary and secondary OC is 

not well understood for the pre-dawn period. The accumulation of local 

emissions prior to the onset of the sea breeze was observed as a large primary 

QC contribution with a maximum of 12.8 µgC/m3 at 0600 - 0800 PDT. The sea 

breeze typically brings in primary OC from the Long Beach source region as 

well as secondary OG formed in transit. These peaked at 1400 - 1600 PDT with 

the secondary component accounting for 48% of the organic aerosol at this 

time. 
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The July 25 - 29 episode was preceded by five days (July 16 - 20) of low 

OC, EC and ozone concentrations, an unstable air mass, and occasional cloud 

cover with rain. A gradual increase of pollutant concentrations followed. 

Primary OC accounted for greater than 60% of the aerosol all day July 21 and 

22 (Figure 54). However, unlike July 22 on which the organic aerosol appears 

to be entirely primary, some secondary OC formation was observed late in the 

afternoon on July 21 after the morning cloud cover burned off. On July 23 and 

24 secondary QC.exceeded 40% of total OC between 1600 and 1800 PDT and 1400 

and 2000 PDT and reached a contribution of 49% on Friday, July 24. 

July 24 - 29 are shown in Figures 55 and 56. July 25 - 29 are Type (2) 

days, and two of these display the poorly understood, pre-dawn "secondary" OC 

peak. The lack of confidence in the assignment of this pre-dawn organic 

carbon as secondary OC should be noted. While primary OC concentrations 

decrease somewhat on the weekend of July 25 and 26, secondary OC increases 

reaching a 1600 - 1800 PDT maximum on Saturday of 13 µgC/m 3 which accounts for 

66% of the organic aerosol at that time. Because of the continued decrease of 

primary OC, the contribution of secondary OC to the total is higher at the 

time of the secondary OC peak on Sunday and accounts for 73% of the organic 

aerosol at that time. During Monday through Wednesday the daily peak primary 

OC concentration exceeded the daily peak secondary OC concentration 

substantially, reaching a maximum of.1.6.5 µgC/m3 on Wednesday, and secondary 

OC exceeded 40% of the OC contribution only during the 1600 - 1800 PDT period. 

During this period secondary OC was responsible for roughly 50% of the organic 

aerosol. As noted, secondary OC might be overestimated on Tuesday afternoon, 

July 28 because of the brush fires in San Bernardino County. 

The final episode, August 27 - 31 (Figures 57 - 58), was discussed in 

detail in Chapter 4. Observations about primary and secondary OC on August 28 

and'29 made in Chapter 4 on the basis of a range of primary OC/EC ratios are 



107 

generally consistent with results from the Deming regression analysis. The 

contribution of secondary OC to total OC at the time of the secondary OC 

maximum is now estimated to be 45% and 61% on August 28 and 29 respectively 

rather than 52% and 69%. Daily peak OC, EC 1 and ozone .concentrations 

increased to Friday, August 28 maxima as did primary organic carbon whicn 

reached a peak concentration of 17 µgC/m 3 on Friday . The daily peak secondary 

QC concentration continued to increase to a maximum of 13 µgC/m 3 on Saturday , 

August 29. Primary OC contributed greater than 60% of the organic aerosol all 

day on August 27, and secondary OC exceeded 40% of total QC only during the 

1600 - 1800 PDT collection period on August 28, when it accounted for 9 µgC/m 3 

(45%). The contribution of secondary OC was important for a much larger 

portion of the day on Saturday and Sunday . Secondary OC exceeded 40% of total 

OC between 1200 and 2200 PDT on Saturday, and 1000 - 2000 PDT on Sunday. 

OC • EC plots, concentration profiles , and correlations clearly identify 

secondary formation of organic aerosol. However, quantifying primary and 

secondary organic aerosol concentrations is more difficult and many 

assumptions must be made. Nevertheless, the estimates made above agree with 

the general observations made in Chapter 4 and can be considered to be 

reasonable estimates in most cases . Estimates made during preMdawn, Type (2) 

days are an exception, and the imprecision resulting from selecting the 

primary OC equation coefficients from the average of several estimates can be 

seen in the occasional primary OC estimate which exceeds total OC. Despite 

uncertainties, some valuable information regarding primary and secondary OC 

has been obtained. Several periods during the summer study were observed in 

which primary OC accounted for almost all of the organic carbon present . It 

should be noted that SCAQS took place on an unusually cool summer , and in a 

-cypical summer with less cloud cover and rain it is possible that periods 

dominated by primary OC would be more limited in number. During the five 
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episo.des of secondary formation identified in Chapter 4, secondary OC 

·contributed significantly (i.e. greater than 40% of total OC) at least between 

1600 and 1800 PDT and often between 1000 and 2000 PDT. Its contribution was 

most significant on weekend days, and the highest secondary OC concentrations 

were observed on Saturdays. Primary OC always dominated at night, and during 

the August 27- - 31 episode primary OC dominated throughout the day, with the 

·exception of the 1600 - 1800 PDT period. As a result, it appears that primary 

OC dominates over 24 hour average periods, but that during episodes of high 

organic aerosol concentrations during the summer in Claremont secondary 

organic aerosol contributes significantly to afternoon organic aerosol 

concentrations. Because secondary aerosol is found mostly in the accumulation 

mode (0.1 - 1.0 µm diameter) secondary _organic aerosol could contribute 

significantly to visibility reduction. 

Comparison with other investigators 

The secondary organic aerosol peaks calculated above were quite pronounced 

compared to the broadly distributed and less significant secondary organic 

aerosol peaks predicted by the model of Pilinis and Seinfeld (1988) for August 

30, 1982, at Rubidoux, California. Rubidoux, like Claremont, is locat.ed in 

the eastern part of the Los Angeles Basin and experiences high concentrations 

of photochemical products. Model results using SCAQS data have-not been 

published, however. The observations made in this paper closely resemble the 

profiles observed by Appel et al. (1979) for July 9, 1975, in Pomona, which is 

very close to Claremont. Ozone on that day peaked around 1300 - 1500 PDT 

followed by a 1500 - 1700 PDT peak in organic aerosol which was not 

extractable in cyclohexane. This non-extractable fraction of the total 

organic aerosol accounted for roughly 50% of the organic aerosol around 1500 -

1700 PDT. Although the assignment is somewhat arbitrary, Appel et al. (1979) · 

https://locat.ed
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considered cyclohexane-extractable organic aerosol to be an estimat:e of 

primary organic aerosol . The remainder of the particulate organic carbon was 

considered t o be secondary organic aerosol . The temporal placement: of the 

"secondary QC" peak relative to the ozone peak varied daily and from site to 

site during the study of Appel et al. (1979). The secondary QC peaks in the 

current study typically occurred between 1400 and 1800 PDT and occ~irred zero 

to two hours after the ozone peak. 

~eekend • Weekday Differences 

Significant decreases in elemental carbon concentrations and therefore in 

primary QC concentrations. were observed on weekend days r elative tc, weekdays 

during the summer SCAQS study. Weekend ozone, however , shows only a modest 

decrease on weekend days. In contrast, the highest secondary QC 

concentrations were observed on Saturdays. The decrease in primary OC on the 

weekend is consistent with the findings by Elkus and Wilson (1977) that in 

1973 average daily vehicular traffic in the Los Angeles Basin decrEiased 

approximately 20% on the weekends as compared with weekdays and that daily

average weekend concentrations of primary reactants such as NO, CO,. and 

reactive hydrocarbons were significantly lower than weekday concentrations 

during 1965 • 1972 . They also found that at Pomona , which is near Claremont, 

weekend maximum ozone concentrations were somewhat less than on weEikdays . 

This is also consistent with our findings. Our observation that sucondary OC 

increased on weekends at: Claremont could be due to different: geographical and 

temporal distributions of precursors on weekends or t:o the continuEid formation 

from precursors and partially r eacted intermediates which were either retained 

from previous days or recirculated aloft , 
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Comparison With Carbonyl Measurements 

Figures 59 - 61 show secondary OC calculated as discussed above and 

carbonyl in particles less than 2.0 µmin diameter. The carbonyl measurements 

were made by Ed Palen and Dave Allen at UCLA using impactor collection and 

infrared microscopy. Carbonyl and secondary OC peaks coincided, and because 

carbonyl is a typical functional group in secondary organic aerosol, 

similarity between carbonyl and secondary OC adds confidence to our method of 

estimating secondary OC. The August 

27 - 29 segment was particularly interesting because these three days were the 

height of a photochemical smog episode. Secondary OC and carbonyl peaks both 

increased between August 27 and August 29, whereas the ozone peak increased 

from August 27 to August 28 and began to decrease again on Saturday, August 

29. Thus, daily peak sec-ondary OC concentrations continued to increase one 

day beyond the height of the "ozone episode". The tendency of secondary 

formation to continue into the weekend has been noted previously. September 2 

an4 3 were somewhat confusing because the carbonyl and secondary OC peaks 

still occur at the same time, but "secondary OC" was higher on September 2 and 

carbonyl was higher on September 3. 
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GLOSSARY OF ABBREVIATIONS 

OC 

EC 

TC 

pphm 

C 

Pb 

PDT 

PST 

03 

NOX 

Organic carbon 

Elemental Carbon 

Total carbon.· TC-= OC + EC 

Part per hundred million 

Carbon 

Lead 

Pacific Daylight Time 

Pacific Standard Time 

ozone 

oxides of nitrogen 

GLOSSARY OF SYMBOLS 

bscat 

I 

Iu 

R 

R2 

u 

Light scattering coefficient 

Intensity of transmitted light for saniple 

Intensity of ~ransrnitted light for blank 

Correlation coefficient 

Percentage of variance explained by regression 

Standard deviation 
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APPENDIX A. J.N SITU CARBON ANALYZER SAMPLING DATESJ SCAQS 

SAMPLING DATES DOWN TIMES, COMMENTS 

CLAREMONT: 

June 11 - July 29, 1987 2 hrs every 2-3 days late 
in evening, calibrations 

(operational 93% of June 25 0600-0800 hrs 
the above time) June 30 0900-1500 hrs 

quartz filter change 
July 3 1600 -July 4 1200 hrs 
July 10 1800-2200 hrs 

quartz filter change 
July 23 0600-1000 

July 30 • August 16, 1987 run on low maintenance 
schedule, calibrations 
once a week , goal: keep 
instrument running 
between summer study and 
summer extension. 

August 4 
August 14 0220-Aug 15 0220 hrs 

August 17 - September 4, 1987 2 hrs every 2-3 days late 
in evening, calibrations 

(operational 94% of August 17 1200-1400 hrs, 
the above time) 1600-1800 hrs 

quartz filter change 
September 1 1100-2100 hrs 

alternative experiment 
September 2 2200-0000 hrs 

quartz filter change 

LONG BEACH: 

November 6 - November 20, 1987 2 hrs every 2-3 days late 
in evening, calibrations 

(operational 81% of Nov 8 1800-Nov 10 2300 hrs 
the above time) disk error 

December 2 - December 13, 1987 2 hrs every 2-3 days late 
in evening, calibrations 

(operational 89% of December 7 1200-Dec 8 0000 hrs 
the above time) December 8 1000-1800 hrs 
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APPENDIX B: DATA VALIDATION TESTS FOR IN SITU DATA 

This document defines specific data validation checks which have been 

performed on the in situ carbon data collected by the Oregon Graduate 

Institute and suggests others which could be done. Validation codes and 

. comments are included. All measurements are valid (Vl) unless otherwise 

noted. Data which are qualified (Ql) or suspect (Sl) were included in the 

graphs of Appendix C, but suspect data were not used in the data 

interpretation. 

Level I Validation: 

The individual analyses were.all examined for unusual behavior. 

Throughout each analysis the transmittance of He-Ne laser light through the 

filter, the oven temperature and the flame ionization detector (FID) signal 

were all plotted. Through this examination samples with elemental carbon 

loadings too low to quantitatively determine the organic carbon (OC) -

elemental carbon (EC) split and samples which overloaded the FID were· 

identified and these data were removed from the data set. On four fall nights 

enough water vapor collected on the sampling filters to affect the optical 

transmittance. A correction was made for this effect. This and all other 

unusual behavior are reported in the validation comments. 

Total carbon (TC), OC and EC concentrations were entered into the 

spreadsheet individually and the sums (OC+EC) were compared to the entered TC 

values to check for typographical errors and errors in spreadsheet data 

manipulations. Graphs of optical absorbance vs elemental carbon loading (µg) 

prepared for each study month and graphs of the OC-EC split time vs EC ioading 

were used to identify outliers. Monthly graphs of the data were also visually 

inspected to screen for unusual temporal behavior. 

Level II Validation: 

A comparison of OGI and Ford elemental carbon concentrations for summer 

intensives has been performed (Turpin et al., 1990b). Two hour averages of 

Ford's photoacoustic ~pectrophone data were.compared with 80 minute· average, 

concentrations from the OGI carbon analyzer.· Care was taken only to include 

samples with identical midpoints to minimize scatter resulting from the 

differen~e in sampling times. The agreement was quite good, and at-test 
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showed no significant difference .between the two sets with 95% confidence 

intervals. No outliers were observed . 

Comparisons with other elemental carbon and particulate total carbon 

(corrected for adsorption) data sets should be performed although it should be 

remembered that large disagreement between methods exists as evidenced in the 

Carbonaceous Species Method Comparison Study. A plot of EC vs CO would also 

be a useful check because EC and CO are both primary combustion products. 
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TABLE B.l. LEVEL I VALIDATION 

Code 

Sl(OC,EC) 
Sl(OC,EC) 
Sl(QC,EC) 
Sl(QC,EC) 
Sl(QC,EC) 
Sl(QC,EC) 
Sl(Q,E,TC) 
Sl(QC,EC) 
Il(QC,EC) 
Sl(QC,EC) 
Sl(QC,EC) 

Comments 

OC/EC split suspect 
outlier, split vs EC 
outlier, split vs EC 
outlier, split vs EC 
outlier, split vs EC 
outlier, split vs EC 
very brief signal overload possible 
uncertainty in split due to low loading 
loading too low to get good QC-EC split 
uncertainty in split due to low loading 
outlier, split vs EC 

uncertainty in split due to low loading 
Sl(QC,EC) 
Sl(QC,EC) 
Sl(QC,EC) 
Sl(QC,EC) 
Sl(QC,EC) 
Ql(QC,EC) 
Ql(QC,EC) 

·sl(QC,EC) 
Ql(QC,EC) 
Ql(QC,EC) 

uncertainty in split due to low loading 
uncertainty in split due to low loading 
uncertainty in split due to low loading 
uncertainty in split due to low loading 
uncertainty in split due to low loading 
water vapor affected laser, correction made 
water vapor (see above) 
heavy loading, QC/EC split inaccurate 
water vapor (see above) 
water vapor (see above) 

Sl(Q,E,TC) adsorbed vapor estimate is high (by< 10%) 
therefore total QC fine, but particulate QC 
(QC-ads.vap) is low 

Sl(Q,E,TC) ads. vap. (see above) 

Date 

19-June 
30-June 
30-June 
4-July 
5-July 
5-July 
19-July 
16-July 
17-July 
23-Aug 
25-Aug 

1-Sept 
2-Sept 
2-Sept 
2-Sept 
2-Sept 
8-Nov 
10-Nov 
16-Nov 
18-Nov 
2-Dec 20:19 
3-Dec 18:19 

8-Dec 

Start 

18:23 
15:19 
18:19 
21:24 
00:24 
03:24 
06:32 
22:21 
00:21 
14:19 
04:19 

22:23 
00:23 
02:23 
12:24 
14:23 
04:00 
23:21 
05:50 
02:24 
- 3-Dec 
- 5-Dec 

00:35 

Through 

19:44 
17:40 
20:40 
23:45 
02:45 
05:45 
11:52 
23:42 
07:42 
15:40 
05:40 

23:44 
01:44 
03:44 
13:44 
15:43 
05:21 
00:02 
09:21 
03:45 

13:43 
21:41 

09:41 
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APPENDIX C. SCAQS ORGANIC CARBON, ELEMENTAL CARBON. AND OZONE 
CONCENTRATIONS ·WITH METEOROLOGICAL DATA AT CLAREMONT, CALIFORNIA, ~ 

JUNE 12 - SEPTEMBER 2, 1987 AND AT LONG BEACH, CALIFORNIA, 
NOVEMBER 6 - DECEMBER 13. 1987. 

The meteor ological symbols used t hroughout t his appendix are described in 

Figur es C. l - C.4 and are taken from Neiburger et al . (1982) . Changes in wi nd 

direction are indicated by a symbol positioned at the time the change in 

direction occur red . The wind direction arrow extends toward the direction 

from which the wind is blowing. Visibility is indicated in k i l ometers and is 

omitted when visibility is greater t han 16 lan . The current a i r temperatur e 

and temperature of dewpoint ar e provided in Fahrenheit . 

Data are plotted in three day segments on a horizontal ly divided graph in 

Figures C. 5 - C.32 . Or ganic carbon (OC) and elemental carbon (EC) 

concentr ations (µgC/m3
) are plotted in the lower section at the mid-point of 

each sampling period. One hour ave rage ozone concentrations (pphm) are 

~lotted in the upper section at the mid-point of each sampling period . The 

federal standard for ozone is 12 pphm as a one hour average, and a first stage 

smog alert is c alled at one hour average ozone concentr ations above 20 pphm . 
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vv 

rt 
~ 

dd RH 
TT~ 

VV WW~ 

T., T., 

8~ 62% 
5 •• 

56 

EXPLANATION OF SYMBOLS 

N Total a_mount of cloud cover (see Figure C.2) 

dd True direction from which wind Is blowing 
Plotted as the .shaft of an arrow extending 
from the circletoward the direction from 
which the wind Is blowing 

ff Wind speed plotted as feathers and half
feathers representing 10 and 5 knots 
respectively on the shaft-of the wind 
direction arrow (see Figure C.3) 

Visibility In kllom_eters. Values higher than 
16 km (10 miles) are omitted from map 

WW Present weather coded In symbols taken from 
Figure C.4 

RH Relative humidity In % 

TT Current air temperature In Fahrenheit 

Temperature of dewpoint In Fahrenheit 

Figure C.1. Explanation of meteorological symbols. 
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•Q No clouds 

(D Less than or equal to 1/10 cloud cover 

~ 2/10 to 3/10 cloud cover 

(e 4/10 cloud cover 

0 5/10 cloud cover 

Et 6/10 cloud cover 

a 7/10 to 8/10 cloud cover 

0 9/10 cloud cover or overcast with openings 

• Completely overcast 

® Sky obscured 

0 No cloud data 

Figure C.2. Total amount of sky coverage (N). 
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KNOTS MILES/HOUR KILOMETERS/HOUR
(statute) 

@ Calm Calm Calm 

1 -2 1 -2 2 -4 

~ 3 -7 3 -8 5 -13 

\_ 8 -12 9 -14 14 -23 

~ 13 -17 15 -20 24 -32 

\L__ 18 -22 21 -25 33 -41 

~ 23 -27 26 -31 42 -50 

Figure C.3. Wind speed symbols (ff). 
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, 
Intermittent drizzle (not freezing), slight 
at time of observation 

,, 
Continuous drizzle (not freezing), slight 
at time of observation 

, 
Intermittent drizzle (not freezing), moderate, 
at time of observation 

, 
Continuous drizzle (not freezing), moderate

I , at time of observation 

' Intermittent drizzle (not freezing), heavy 

' at time of observation 

' 
Intermittent rain (not freezing), slight • at time of observation 

•• Continuous rain (not freezing), slight at 
time of observation 

Continuous rain (not freezing), moderate• 
at time of observation 

• Intermittent rain (not freezing), heavy 
• at time of observation
• 

Figure C.4. Precipitation symbols (present weather (ww)). 
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Figure C.8. OC, EC, ozone and meteorological data June 24-26, 1987 
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Figure C.10. OC, EC, ozone and meteorological data July 1-3, 1987 
in Claremont, California. 
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Figure C. 11 . OC, EC, ozone and meteorological data July 6-8 , 1987 
in Claremont, California. 
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Figure C.12 . OC, EC , ozone and meteorological data July 9-11 , 1987 
in Claremont , California. 
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Figure C.13. OC, EC, ozone and meteorological data July 12-12, 1987 
in Claremont, Cali~ornia. 
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Figure C.14. OC , EC, ozone and meteorological data July 15-17 , 1987 
in Claremont, California . 
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Figure C. 15. OC, EC, ozone and meteorological data July 18-20, 1987 
in Claremont, California . 
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Figure C.16 . OC, EC , ozone and meteorological data July 21-23 , 1987 
in Claremont , California. 
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Figure C.17. OC, EC, ozone and meteorological data July 24-26, 1987 
in Claremont, California. 
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Figure C.18 . OC, EC, ozone and metoorological data July 27-19, 1987 
in Claremont , California. 
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Figure C.19. OC, EC, ozone and meteorological data August 17-19, 1987 
in Claremont, California . 
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Figure C.20. OC, EC, ozone and 11eteorological data August 20-22, 1987 
in Claremont, California . 
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Figure C.21. OC, EC, ozone and meteorological data August 23-25, 1987 
in Claremont, California. . 
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Figure C.22. OC, EC, ozone and meteorological data August 26-28, 1987 
in Claremont, California. 
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Figure C.23. OC, EC, ozone and meteorological data August 29·31, 1987 
in Claremont , California. 
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Figure C.24. OC, EC, ozone and meteorological data Septemlber 1-3, 1987 
in Claremont, California. 
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Figure C.25 . OC, EC, ozone and meteorological data November 6-8 , 
in Long Beach, California . 
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Figure C. 26 . OC, EC, ozone and meteorological data November 11- 13, 1987 
in Long Beach , California . 
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Figure C.·27 . OC, EC , ozone and meteorological data November 16-18 , 1987 
i n Long Beach, California .. 
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Figure C. 28 . OC, EC ; ozone and meteorological data Nove1mber 18-20, 1987 
in Long Beach, California: 
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Figure C. 29. OC, EC, ozone and meteorological data December 2-4, 1987 
in Long Beach, California. 
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Figure C. 30 . OC , EC, ozone and ae1teorological data December 5-7, 1987 
in Long Beach, California. 
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Figure C.31 . OC, EC. ozone and meteorological data December 9-11, 1987 
in Long Beach, California. 
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Figure C. 32. OC, EC, ozone and meteorological data December 10-12, 
in Long Beach , California . 
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