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ABSTRACT

The Nonmethane Organic Compound (NMOC)/Speciated Nonmethane Organic Compound
(SNMOC) monitoring program is designed to characterize the magnitude and composition of air
pollution in areas that are not in attainment with the National Ambient Air Quality Standard
(NAAQS) for ozone. In particular, the program measures concentrations of four different
categories of air pollutants that contribute to a series of photochemical reactions known to form
ozone. The 1996 monitoring program collected ambient air samples at 15 locations across the
country. Samples were collected from 6:00 to 9:00 AM, because some regional air quality models
require concentrations over this time frame as a critical input. The data indicate the following
general trends and patterns in ambient air quality:

Total nonmethane organic compounds (NMOC). Geometric mean ambient air
concentrations of NMOC measured at four monitoring stations during the summer of 1996
ranged from 0.29 to 0.41 ppmC. No individual concentration was higher than 1.72 ppmC
or lower than 0.069 ppmC. The monitoring data indicate that levels of NMOC are affected
by several factors, including, but not limited to, nearby emission sources, local meteorology,
and proximity to large mountain ranges.

Speciated nonmethane organic compounds (SNMOC). Ambient air concentrations of
SNMOCs varied significantly among the 13 monitoring stations that measured these
compounds. Despite this variability, emission inventory data suggest that emissions from
industrial, motor vehicle, and natural sources all contribute to the levels of hydrocarbons
detected in the air. Correlation analyses and relative concentrations of selected aromatic
compounds provide compelling evidence that motor vehicle emissions account for a large
proportion of the air concentrations of these compounds. Relative amounts of isoprene
detected in the air samples suggest that emissions from natural sources do not have
significant impacts on levels of air pollution measured between 6:00 and 9:00 AM. The
monitoring data also indicate that air masses sampled at rural locations tend to be “older”
(e.g., transported over longer distances) than air masses sampled in urban centers. Further
analyses suggest that highly reactive compounds with relatively low ambient air
concentrations, such as 1,2,4-trimethylbenzene and propylene, exhibit a stronger potential
to form ozone than less reactive compounds with relatively high ambient air concentrations,
such as isopentane and propane. '

Volatile organic compounds (VOC). At the seven monitoring stations that collected
samples for VOC analysis, ambient air concentrations of acetylene, propylene, and toluene
were consistently greater than 1 ppbv. Several other compounds were detected in a
majority of the samples, but at lower levels. Statistical analyses found that ambient air
concentrations of several hydrocarbons were highly correlated across all seven stations,

suggesting that selected hydrocarbons may originate from emission sources common to all
urban environments.



Carbonyl compounds. At the eight monitoring stations that collected samples for carbonyl
analysis, ambient air concentrations of acetaldehyde, acetone, and formaldehyde were
notably higher than concentrations of the 13 other carbonyls identified by the analytical
method. Emission inventory data suggest that releases of carbonyls from large industrial
facilities do not explain spatial variations in the ambient air concentrations of carbonyls and
that ambient levels of carbonyls appear to be highest in areas with relatively high releases of
total VOCs. _

Although the NMOC/SNMOC monitoring program generates large volumes of air quality
data, the trends and patterns identified for selected monitoring locations may not necessarily apply
to air quality in other urban environments. Further, because many factors in addition to ambient
levels of hydrocarbons influence the complex series of photochemical reactions that form ozone,
interested readers should supplement the findings of this report with additional considerations
(such as ambient levels of nitrogen oxides) to gain a more complete picture of ambient air quality.

xiv



1.0 Introdﬁction

This report summarizes ambient air monitoring data collected during the summer of 1996
in 15 different cities as part of the Nonmethane Organic Compound (NMOC)/Speciated
Nonmethane Organic Compound (SNMOC) monitoring program. Initiated by the U.S.
Environmental Protection Agency (EPA) in 1987, the NMOC/SNMOC monitoring program is
designed to characterize the composition and magnitude of air pollution in regions that are not in
attainment with the National Ambient Air Quality Standard (NAAQS) for ozone. Since 1987,
several state environmental agencies have participated in this program by installing air monitoring
stations that measure ambient levels of compounds that are known to affect ozone formation
processes. During the 1996 NMOC/SNMOC program, monitoring stations measured some
combination of the following four categories of compounds: total nonmethane organic
compounds (total NMOC), speciated nonmethane organic compounds (SNMOC), volatile organic
compounds (VOCs), and carbonyls. This report summarizes and interprets all ambient air
monitoring data that were collected during the 1996 NMOC/SNMOC monitoring program.

The data summaries in this report present a concise but thorough overview of the large
volume of monitoring data collected during this program. These summaries may be particularly
useful to state and local environmental agencies developing policies to reduce ozone
concentrations in order to meet NAAQS attainment levels. The SNMOC data relate to these
policy efforts because photochemical reactions involving various hydrocarbon compounds (known
as “ozone precursors”) and nitrogen oxides produce ozone in the lower atmosphere. State
agencies typically use regional atmospheric dispersion models to simulate the ozone formation
processes, and most of these models require ambient air concentrations of speciated hydrocarbons,
or SNMOC data, as a critical input. Accordingly, environmental scientists can use the monitoring
data in this report to forecast trends and patterns in ambient air concentrations of ozone. To
facilitate these forecasting efforts, this report summarizes all monitoring data collected during the
NMOC/SNMOC program. For additional reference, these monitoring data also will be available
on the Air Quality Subsystem (AQS) of the Aerometric Information and Retrieval System (AIRS),

an electronic database maintained by EPA.
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In addition to summarizing the NMOC/SNMOC monitoring data, this report also identifies
and analyzes several trends and patterns in the composition of air pollution sampled at the various
monitoring stations. The data analyses attempt to correlate measured air concentrations to many
factors known to affect air quality, such as emissions from industrial sources, emissions from
motor vehicles, and fluctuations in local meteorology. These correlations indicate the extent to
which specific emission sources may contribute to measured concentrations, and such information-
should prove invaluable to state agencies when they prioritize their pollution prevention efforts.
The data analyses also investigate temporal and spatial variations in the composition of the air

samples to provide additional context for the monitoring data.

Although extensive, these analyses consider only selected trends and patterns in
NMOC/SNMOC monitoring data. More comprehensive evaluations of the data may identify
subtle, site-specific trends not considered in this report. Further, this report does not address
many factors (such as ambient levels of nitrogen oxides and solar radiation) known to affect ozone
formation processes. Therefore, even though this report thoroughly characterizes the large
volume of NMOC/SNMOC monitoring data, additional analyses should be performed to fully

appreciate the atmospheric chemistry affecting the ambient air quality at the monitoring stations.

This report is organized into eight sections. Table 1-1 highlights the contents of each
report section. Sections 2 and 3 present necessary background information on the monitoring
program and data analysis methodologies, and Sections 4 through 7 summarize and interpret the
monitoring data collected for total NMOC, SNMOC, VOCs, and carbonyls. All figures and table
cited in the text appear at the end of their respective sections (figures first, followed by tables).

1-2
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2,0  The 1996 NMOC/SNMOC Monitoring Program

This section orients the reader to the scope of the 1996 NMOC/SNMOC monitoring
program and provides essential background information for understanding and appreciating the
data interpretations presented throughout this report. The 1996 NMOC/SNMOC monitoring

. program conéisted of 15 monitoring stations that collected 3-hour integrated samples of ambient

air according to site-specific schedules from June 1 to September 30, 1996. The monitoring
options selected for a given site determined whether the samples were then analyzed for total
NMOC, SNMOC, VOCs, carbonyls, or some combination of these categories. The following
sections discuss in greater detail the monitoring locations, selection of compounds, sampling

schédules, and sampling and analytlcal methods of the program.

2.1  Monitoring Locations

EPA sponsors the NMOC/SNMOC monitoring program with the intent of helping state
and local air pollution control agencies better understand how the composition of air pollution
affects the formation and transport of ozone within a given region. Agencies can participate in
this program by working cooperatively with EPA to identify suitable monitoring locations, select
classes of compounds for monitoring, install ambient air monitoring equipment, and send samples
to a designated central laboratory for analysis. The agencies also must contribute to the overall

monitoring costs.

In 1996, the NMOC/SNMOC monitoring program consisted of 15 different ambient air
monitoring stations. Figure 2-1 shows the locations of these stations and gives the alphanumeric
codes assigned to each station for purposes of tracking air samples from the field to the
laboratory. With the exception of the Juarez, Mexico, station, none of the monitoring stations
shown in Figure 2-1 moved during the course of the 3-month monitoring program. The station in
Juarez was moved approximately 100 meters halfway through the monitoring program to avoid

being influenced by emissions from a construction site.
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In addition to the alphanumeric codes, each location also has a unique 9-digit “AIRS
Code” for purposes of logging and indexing site descriptions and monitoring results in EPA’s
AIRS database. Table 2-1 lists the alphanumeric codes, the AIRS codes, and relevant AIRS site
description data for each location. The table indicates that the 15 monitoring stations are located
in areas of varying land use (agricultural, commercial, industrial, and residential) and population
density (rural, suburban, and urban). Sections 4 through 7 of this report discuss the extent to
which these and other site-specific factors influence the composition and magnitude of air

pollution measured during the program.

2.2  Selection of Compoﬁnds

The agencies that sponsored monitoring stations also decided whether their respective
stations should measure total NMOC,'SNMOC, VOCs, carbonyls, or some combination thereof;
Table 2-2 indicates the compounds selected for monitoring at each of the 15 stations. Every
station except for Cape Elizabeth, Maine, collected samples for either the fotal NMOC or
SNMOC compound categories—the two categories most commonly_used as inputs to ozone
forecasting models. The bulk of the analyses and interpretations in this report, therefore, focus on
these two compound categories. Section 2.3 indicates how frequently the compounds were
measured at each site, and Section 2.4 lists the compounds identified under the four diﬁ‘erent

monitoring options.

2.3  Monitoring Schedules

In addition to selecting compounds for monitoring, the agencies that sponsor
NMOC/SNMOC monitoring locations also determine the schedules for collecting ambient air
samples. Depending on the data needs and funding stafus of the sponsoring agency, the sampling
frequency for this program can range from daily to biweekly samples. Table 2-3 summarizes the
sampling frequencies implemented at the 15 participating locations. As the table shows, the
sampling schedules vary significantly across the different compound categories, however, there

are some common scheduling trends:




-l -

. All stations that measured NMOC concentrations implemented daily sampling

schedules.
. All stations that measured VOC concentrations collected fewer than 10 samples.
. All stations that measured carbonyl concentrations collected fewer than 20
.samples.

Section 3.2 indicates how the varying sampling frequencies affect the data analyses presented in
Sections 4 through 7.

Despite the differences in sampling frequencies, the sampling schedules implemented at all

15 monitorihg locations have three features in common:

. On each sampling day, ambient air is continuously sampled for 3 hours, starting at
6:00 AM, standard time.

. Sampling is performed only between June 1 and Séptember 30, but generally not
on holidays (Independence Day and Labor Day). |

. Roughly 10 percent of all samples were collected in duplicate and analyzed in
replicate. .

EPA requires stations to adhere to these three features because (1) many ozone transport
models require ambient concentrations measured between 6:00 AM and 9:00 AM as a critical
input; (2) ambient air concentrations of ozone are known to peak during the summer months,
when photochemical reactivity also peaks; and (3) duplicate and replicate data are critical for

evaluating the precision of ambient air monitoring data.

2.4  Sampling and Analytical Methods
The sampling and analytical methods selected for ambient air monitoring studies largely
influence the validity of the monitoring results. During the 1996 NMOC/SNMOC program, four

different sampling and analytical methods were used to measure ambient air concentrations of
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total NMOC, SNMOC, VOCs, and carbonyls. EPA has thoroughly tested each of these
methods, and field engineers for the 1996 NMOC/SNMOC monitoring program strictly followed
the documented procedures for properly implementing them. The following subsections highlight
salient features of the four sampling and analytical methods and also indicate how these features
may influence the data interpretations presented in Sections 4 through 7. For quick reference,
Table 2-4 summarizes the general attributes (detection limits, units of measurement, etc.) of the

four different methods.

2.4.1 Total NMOC

Ambient air concentrations of total nonmethane organic compounds were measured using
EPA Compendium Method TO-12 (USEPA, 1988). The TO-12 protocol specifies steps for
collecting 3-hour integrated samples of ambient air in passivated stainless steel canisters. These
samples are analyzed by first concentrating all nonmethane organic compounds in the ambient
sample in a cryogenic trap and then determining the total amount of NMOC collected in the trap
using flame ionization detection (FID). This analytical method makes no attempt to distinguish
different hydrocarbon species; rather, the analysis measures only the fotal amount of nonmethane
hydrocarbons in the air sample, or total NMOC. Further, FIDs determine only the number of
carbon atoms in a given sample, thus limiting the units of measurement to parts per billion on a
carbon basis (ppr) (see sidebar, “The Importance of Units of Measurement”).

Although the estimated detection limit for measﬁring ambient air concentrations of total
NMOC according to this method is approximately 5 ppbC (see sidebar, “Appreciating Detection
Limits”), all the NMOC samples collected during the 1996 SNMOC program had concentrations
significantly greater than this level. For reference, the estimated detection limit for total NMOC
and the detection limits for the other three compound categories considered in this report were all
determined according to EPA guidance in “Definition and Procedure for the Determination of the
Method Detection Limit” (FR, 1984). |
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24.2 SNMOC

Ambient air concentrations of SNMOC were measured according to EPA’s research
protocol “Determination of C, through C,, Ambient Air Hydrocarbons in 39 U.S. Cities from
1984 through 1986” (USEPA, 1989). Like the NMOC sampling and analytical method, the
SNMOC method is based on collecting ambient air in passivated stainless steel canisters and
concentrating the collected hydrocarbons using cryogenic traps. Unlike the NMOC approach,
however, the SNMOC analytical method requires concentrated samples to pass through gas
chromatography (GC) columns prior to being measured with the FID. With this additional step,
the SNMOC analytical method separates the individual hydrocarbon species prior to detection,
thus enabling the FID to measure ambient air concentrations of individual hydrocarbon species.

The GC column used during the 1996 NMOC/SNMOC program could distinguish up to 80
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different hydrocarbons in a given sample. Table 2-5 lists these compounds along with their

detection limits. Despite the numerous compounds that can be identified using this method, the
analytical method for measuring SNMOC focuses primarily on C, through C,, hydrocarbons and
does not address many other compounds commonly found in ambient air, such as carbonyls and
halogenated hydrocarbons. Accordingly, for a given sample, the sum of concentrations of
speciated compounds in a typical SNMOC analysis will always be lower than the total NMOC
concentration measured using method TO-iZ, as decribed in Section 2.4.1.

Like the NMOC concentrations, the SNMOC concentrations also are expressed in units of
ppbC—a convention typically followed for measurements involving FIDs. As noted in “The
Importance of Units of Measurement™ sidebar, these SNMOC concentrations can easily be
converted to other units typically used to quantify ambient air concentrations, such as parts per
billion on a volume basis (ppbv) or micrograms per cubic meter (pg/m®). This reporf follows the

standard convention of reporting SNMOC concentrations in units of ppbC.

243 VYVOCs

Ambient air concentrations of selected VOCs were measured using EPA Compendium
Method TO-14 (USEPA, 1984a). This method follows the same protocol for sampling ambient
air as the NMOC and SNMOC methods: the sampling apparatus delivers an integrated volume of
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-ambient air into a passivated stainless steel canister.. During analysis, the air from the canisters

passes through a gas chromatography column with mass selective detection and flame ionization
detection (GC/MSD-FID). This particular combination of analytical techniques enables
measurement of concentrations of 38 different organic compounds, many of which cannot be
measured using the other sampling and analytical methods (such as halogentated hydrocarbons).
Table 2-6 lists these 38 compounds along with their respective detection limits. All

concentrations of VOCs are reported in units of ppbv.

2.4.4 Carbonyls

Following the specifications of EPA Compendium Method TO-11 (USEPA, 1984b),
carbonyl compounds were measured by passing ambient air over silica gel cartridges coated with
2,4-dinitrophenylhydrazine (DNPH), a compound known to react reversibly with many aldehydes
and ketones. For chemical analysis, sampling cartridges were eluted with acetonitrile, which
liberates hydrazine derivatives of the aldehydes and ketones collected from the ambient air by the
DNPH-coated silica gel matrix. Analyzing the acetonitrile solution by high-performance liquid
chromatography (HPLC) with ultraviolet detection then determines the amount of carbonyls
present in the original air sample. This procedure currently detects 16 different carbonyl

compounds. Table 2-7 lists these compounds and their corresponding detection limits.
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Table 2-1
Site Descriptions for the 1996 NMOC/SNMOC Monitoring Stations
1996 AIRS Site Descriptions *
NMOC/ AIRS Site Location :
SNMOC Code Population
Site Code LandUse | ~ pensi
BIAL 01-073-6002 | Tarrant City, AL residential suburban
B2AL 01-073-5002 | Pinson, AL residential rural
B3AL 01-117-0004 | Helena, AL agricultural rural
CAMP | 08-031-0002 [ Denver, CO commercial urban
CAMSS 48-113-0045 | Dallas, TX residential urban
CAMS13 48-439-1002 | Fort Worth, TX commercial urban
DLTX 48-113-0069 | Dallas, TX commercial urban
JUMX 80-006-0001 | Juarez, Mexico commercial urban
LINY 36-059-0005 | Long Island, NY commercial suburban
MNE | 23-005-2003 | Cape Elizabeth, ME | residential rural
NWNIJ 34-013-0011 | Newark, NJ industrial urban
P2NJ 34-039-5001 | Plainfield, NJ residential suburban
SL1U 49-011-0001 | Bountiful, UT commercial suburban
RE-N 08-059-0006 | Rocky Flats, CO industrial rural
WELBY 08-001-3001 | Denver, CO agﬁcultural rural

* Data in these columns indicate the land use and population density in the immediate vicinity of the

monitoring stations.




Table 2-2
Monitoring Options Selected During the 1996 NMOC/SNMOC Program

ERG Site Monitoring Monitoring Options Selected ll
Code Location NMOC SNMOC l
B1AL | Tarrant City, AL ' v v
B2AL | Pinson, AL v v
B3AL | Helena, AL v e
CAMP | Denver (1), CO v v v
CAMSS | Dallas (1), TX 4 v
CAMS13 | Fort Worth, TX v v
DLTX | Dallas (2), TX v v
JUMX | Juarez, Mexico v
LINY |LongIsland, NY 24
MNE | Cape Elizabeth, ME v
NWNJ | Newark, NJ .Y v v v
P2NJ | Plainfield, NJ v v v v
RF-N | Rocky Flats, CO v
SL1U | Bountiful, UT v v
L WELBY | Denver (2), CO ‘ v v v
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Table 2-3

Sampling Schedules Implemented During the 1996 NMOC/SNMOC Program

Monitoring
tion

Monitoring
Location

Sampling Schedules \

N N B SR Bl B E N B s

?n?:nt;fllal;ETNY All sites, except Bountiful, UT, sampled NMOC every weekday of
NMOC N W’gark, NJ the monitoring program; Bountiful, UT, collected samples daily
Plainfield, NJ from June 21 to September 30, 1996.
Dallas (1), TX
Dallas (2), TX
Fort Worth, TX
g:g:ral’c,% Sites sampled SNMOC every weekday of the monitoring program.
Pinson, AL
Plainfield, NJ
Tarrant City, AL
SNMOC
Site sampled SNMOC every weekday of the monitoring program,
Juarez, Mexico except from July 25 through August 4, 1996, when the monitoring
station was relocated.
Denver (1), CO Sites sampled SNMOC every other weekday from July 10 through
Denver (2), CO September 18, 1996.
Bountiful, UT Sites collected between 5 and 10 SNMOC samples over the course of
Rocky Flats, CO the entire program. '
Denver (1), CO
Denver (2), CO
VOC ;{I:;e:ral,(’A}]ﬁ Sites collected between 5 and 10 VOC samples over the course of the
Pinson, AL entire program.
Plainfield, NJ
Tarrant City, AL
Dallas (1), TX
Dallas (2), TX
xz:rr 8; gg Sites collected between 5 and 10 carbonyl samples over the course of
Carbonyl Fort Wo rthi TX _the entire program.
Newark, NJ
Plainfield, NJ
Cape Elizabeth, ME | Site collected 20 carbonyl samples as a special study.

Notes: Unless otherwise noted, “the entire program” refers to June 1 through September 30, 1996,
“Samples” in this table refers to unique sampling dates. Samples that were collected in duplicate or
analyzed in replicate arc treated in this table as one unique sample.
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Table 2-5
SNMO_C Detection Limits

| Compound Detection Limit (ppbC) |

trans-2-Butene

Detection Limit (ppbC |

o-Ethyltoluene

...........................................................

M 1]

Reference: FR, 1984,
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Table 2-6
VOC Detection Limits

Detection Limit (ppb

Chloroethane

Dibromochloromethane

o-Dichlorobenzene

Reference: FR,1984
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Table 2-7
Carbonyl Detection Limits

Detection Limit (ppbv)

1,000 liter _
sample volume

Crotonaldehyde

1,500 liter

sample volume

Note:  The carbonyl detection limit varies with the volume of ambient air drawn through the sampling apparatus.
Although the target sample volume for carbonyl monitoring was 1,000 liters, the sample volumes
observed during this program ranged from roughly 500 to 1,500 liters. In the statistical analyses, the

documented sample volume was used to identify the corresponding detection limit.

Reference: FR, 1984.
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3.0  Data Analysis Methodology

This section presents the data analysis methodology used to summarize and interpret the
ambient air monitoring data collected during the 1996 NMOC/SNMOC program. This
methodology consists of three different approaches for identifying notable trends and patterns in

the monitoring data:

. Data summary parameters provide a succinct overview of the monitoring data;
* . Analyses and interpretations identify significant spatial variations, temporal
variations, and statistical correlations; and

. Data quality parameters comment on the validity of the interpretations.

The remainder of this section describes in detail how each of these approaches can assist in
providing perspective on the 1996 monitoring data. Sections 4 through 7 then use this
methodology to thoroughly analyze the NMOC, SNMOC, VOC, and carbonyl monitoring data.

3.1 Data Summary Parameters

No single parameter can completely characterize the results of extensive environmental
monitoring studies. Further, listing the results of every sample generally does not provide a
meaningful overview of monitoring results. To most efficiently summarize the 1996
NMOC/SNMOC monitoring data, this report uses four basic data summary parameters:
prevalence, concentration range, central tendency, and variability. The following subsections
define these parameters and explain how they characterize air monitoring data.” Sections 4
through 7 then present these summary parameters in a series of tables, one for each monitoring

location, to provide a complete but succinct overview of the corresponding monitoring data.

3.1.1 Prevalence
The prevalence of air monitoring data refers to the frequency with which compounds, or
group of compounds, are detected in ambient air samples. For a given compound, prevalence is

typically expressed as the percentage of sampling events in which the compound is detected. For
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example, a compound detected in 15 of 20 samples would have a prevalence of 75 percent (15
divided by 20).

Prevalence data are primarily used to give perspective to the validity of data
interpretations. Because sampling and analytical methods cannot reliably quantify concentrations
of compounds at levels below detection limits, it is important to consider prevalence whenever
making conclusions based on ambient air monitoring. For example, long-term averages and
statistical correlations for a compound must be interpreted with caution when the prevalence for
the compound suggests that a majority of samples were non-detects. Sections 5, 6, and 7 revisit

this issue,

As a final note, a prevalence of zero does not necessarily indicate that a compound is not
present in ambient air. Rather, compounds with a prevalence of zero may be present in the air,

but at levels below the sensitivity of the sampling and analytical methods used in the program.

3.1.2 Concentration Range _

For a given compound, the concentration range of ambient air monitoring data refers to
the span of concentration data, from lowest to highest. The data summary tables in Sections 4
through 7 characterize these ranges by presenting, for every compound, the lowest and the
highest concentrations measured at each monitoring station. Because the National Ambient Air
Quality Standard (NAAQS) for ozone regulates “peak” or “excursion” levels of ozone in air
pollution, the concentration range—particularly the magnitude of the highest
concentrations—may be an important factor to consider when examining causes of ozone

nonattainment episodes.
The concentration ranges in this report characterize only 3-hour average concentrations

collected between June 1 and September 30, 1996. Ambient air concentrations of hydrocarbons,

VOCs, and carbonyls may rise to higher levels during other times of day and other times of year.
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Nonetheless, the concentration ranges presented in Sections 4 through 7 indicate the span of

ambient air quality expected to occur during the summer months.

3.1.3 Central Tendency (Long-Term Averages) .

The central tendency of air monitoring data gives a sense of long-term average ambient air
concentrations. Such data are of particular use to state and.local agencies because many
regulatory standards and health guidelines are based on central tendency concentrations, such as
annual averages, rather than maximum or peak concentrations. Further, analyzing central
tendencies may indicate how levels of air pollution change over the longer term. The following
paragraphs review different approaches for estimating central tendencies and explain how this
report presents central tendency results.

Ambient air monitoring reports generally use medians, arithmetic means, and geometric
means to characterize central tendencies for distributions of concentrations. Despite their
common use, however, these three parameters may have significantly different values for the same
distribution of ambient air concentrations. By definition, medians and arithmetic means best
represent central tendencies of normally distributed daté, while geometric means best represent
central tendencies of lognormauy distributed data. Previous NMOC/SNMOC monitoring efforts
(ERG, 1996) and other EPA monitoring programs (ERG, 1997) have indicated that ambient air
monitoring data typically fit lognormal distributions better than normal distributions, thus
suggesting that geometric means characterize central tendencies better than medians and
arithmetic means. Nonetheless, Sections 4 through 7 of this report presént the median, arithmetic
mean, and geometric mean concentrations for every compound to enable the réader to compare

central tendencies for the 1996 NMOC/SNMOC monitoring results with central tendencies
reported in other studies.

All three central tendency parameters were calculated by first manipulating the data to
assign numerical values to all non-detects, duplicate sampling events, and replicate laboratory

analyses. Consistent with previous NMOC/SNMOC monitoring efforts (ERG, 1996) and
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recommended approaches for conducting risk assessments involving environmental monitoring
data (USEPA, 1989), this study assigns each non-detect observation a concentration equal to one-~
half the detection limit. Further, the results of all duplicate sampling events and replicate
laboratory analyses are averaged such that only one concentration was considered for each
sampling date. These data manipulation conventions have significant impact on the calculated

central tendencies only for compounds detected in a minority of the samples.

The central tendencies in this report are based only on ambient air concentrations sampled
between June 1 and September 30, 1996. Because concentrations for many compounds are
known to decrease during the colder winter months (ERG, 1997), the reader must use caution
when comparing the central tendencies indicated by the NMOC/SNMOC monitoring program to

central tendencies indicated by anrnmual air monitoring efforts.

3.1.4 Variability

Data variability refers to the spread of data observations about their central tendency
value. Variability in ambient air monitoring data indicates the extent to which concentrations of
certain compounds fluctuate with time. Such information may be useful to researchers who study

how changes in emission rates and meteorological conditions affect ambient air quality.

This report characterizes data variability using two common statistical parameters: the
standard deviation and the coefficient of variation. By definition, low standard deviations indicate
distributions with most observations clustered about the central tendency value, and high standard
deviations indicate distributions with greater variability and numerous outlier observations.
Because the magnitude of the standard deviation varies with the magnitude of the central
tendency, the standard deviation generally cannot be used to compare the variability of one data
set to the variability of another. The coefficient of variation, on the other hand, expresses the
standard deviation as a percentage of the arithmetic mean and, therefore, indicates variability on a

uniform scale that can be readily compared across data distributions for different sites and



compounds. Sections 4 through 7 further discuss how these variability parameters relate to the
1996 NMOC/SNMOC air monitoring data.

3.2  Analyses and Interpretations
To supplement the trends indicated by the data summary parameters, Sections 4 through 7

also include a series of analyses and interpretations that attempt to explain why the composition

and magnitude of air pollution vary from one monitoring location to the next and from one
caléndar year to the next. These spatial and temporal variations may ultimately help state and
local agencies identify specific emission sources that contribute most significantly to ozone
formation processes. The following subsections describe the methods used to identify and
interpret the spatial and temporal variations in the 1996 NMOC/SNMOC monitoring results.

3.2.1 Spatial Variations _

Many different factors affect the levels of air pollution observed at a given location. These
factors include, but are not limited to, proximity to industrial, motor vehicle, and natural emission
sources; local meteorological conditions; and nearby geographic features, such as mountain
ranges. To make sense of spatial variations in ambient air quality, this report considers how these
and other factors affect the 1996 NMOC/SNMOC monitoring data. The following paragraphs
outline the methodology used in Sections 4 through 7 to address spatial variations.

3.2.1.1 Emission Inventories

Compounds found in ambient air samples generally originate from emission sources or
from photochemical reactions involving other air pollutants that produce compounds in the
atmosphere. To evaluate the significance of emission sources on air quality, this report uses two

national emission inventories to provide a context for the monitoring data:

. Toxic Release Inventory (TRI). This report uses TRI data to assess the extent to
which emissions from selected industrial facilities affect ambient air quality. As
_ required by Section 313 of the Emergency Planning and Community Right-to-
Know Act (EPCRA), industrial facilities that meet certain application criteria must
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submit to EPA reports documenting their releases of hazardous chemicals to air,
soil, and water. These reporting requirements currently do not apply to several
industries known to emit large quantities of compounds (e.g., electric utilities) and
do not address all of the compounds considered in the NMOC/SNMOC
monitoring program. This report considers only TRI data from reporting year
1994, the most current data available.

. National Emissions Trends (NET) Inventory. This report uses the NET inventory
to interpret the impact of chemical emissions on levels of air pollution. Compiled
from emission inventories developed by EPA, state agencies, and selected federal
research initiatives, the NET inventory is a composite national inventory that
characterizes emissions not only from industrial sources, but also from motor
vehicle and natural sources. The NET inventory does not provide compound-
specific emissions data, but rather reports emissions for certain groups of
pollutants, like VOCs and particulate matter. These emissions are reported as
aggregate amounts at the county level. This report considers only NET inventory
data from 1990, the most current data available.

Although their accuracy is not known, the TRI and NET inventories provide insight into
the composition and magnitude of local air pollution. Sections 4 through 7 consider, as
appropriate, the TRI or NET emissions data when interpreting spatial variations in ambient air
quality. |

3.2.1.2 Local Meteorology

Local meteorological conditions largely determine how rapidly photochemical reactions
consume and produce airborne pollutants as well as how efficiently emissions disperse by
convection and diffusion. Although a detailed atmospheric dispersion modeling analysis for every
monitoring location is beyond the scope of the current work, this report does consider how
general trends in local meteorological conditions might explain certain patterns in the
NMOC/SNMOC monitoring data. In particular, Sections 4 through 7 examine how temperature,
wind speed, and wind direction might influence the magnitude of air pollution measured at each
monitoring location. In these analyses, wind data are summarized using windroses, or diagrams
indicating the statistical distribution of wind speeds and directions. All meteorological data

considered in this report were collected between June 1 and September 30, 1996, at
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meteorological stations that are near corresponding NMOC/SNMOC monitoring stations and that
submit daily summary reports to the National Climatic__Data Center (NCDC).

Sections 4 through 7 do not address meteorological parameters, such as mixing heights
and upper atmosphere wind patterns, that may affect Jong-range transport of ozone or ozone
precursors. Although these additional parameters were not readily available at the writing of this
report, state and local agencies should consider such indicators of long-range transport when

developing and implementing ozone control strategies.

3.2.1.3 Composition of Air Samples

Like the magnitude of air pollution, the composition also varies from one location to the
next. The following discussion explains how understanding the composition of air pollution plays
an important role in understanding and appreciating the sources that contribute to levels of air

pollution:

. Composition of pardffins, olefins, and aromatics. This analysis breaks the overall
NMOC/SNMOC monitoring results into contributions from paraffinic, olefinic,
and aromatic compounds. As discussed in greater detail in Section 3.2.1.4, current
research shows that olefinic and aromatic compounds are significantly more
reactive in air than paraffinic compounds. If state and local environmental
agencies knew the relative abundances of these three classes of hydrocarbons, they
could better focus air pollution prevention policies specifically on compound
categories that have the greatest impact on air quality.

. - Composition of isoprene and other naturally occurring compounds. This analysis
indicates how the composition of isoprene—the compound most widely emitted
from natural sources (Sonoma, 1996)—varies from one monitoring location to the
next. These compositions clearly indicate whether emissions from natural sources
significantly affect ambient air quality. By using data correlation techniques, this
analysis also identifies compounds other than isoprene that are emitted in large
quantities from natural sources.

. Ratios of ambient air concentrations of selected aromatic hydrocarbons. This

analysis compares ratios of concentrations of benzene, toluene, and xylene isomers
to concentrations of ethylbenzene. This group of aromatic hydrocarbons is
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commonly referred to as BTEX compounds. Because a previous ambient air
monitoring study of the impact of motor vehicle emissions on ambient air quality
reported relatively constant concentration ratios for these compounds (Conner,

Lonneman, Seila, 1995), this report uses BTEX ratios as an indicator of the extent

to which emissions from motor vehicles affect ambient air concentrations at the
NMOC/SNMOC monitoring stations.

Because the total NMOC monitoring method does not measure composition and because
the VOC and carbonyl options do not include énough samples for a statistically mgmﬁcant
analysis of composition, this report uses only the SNMOC monitoring results to analyze trends in
the composition of air pollution. When using SNMOC data, however, it is important to note that
“composition” indicates only the relative magnitude of a given compound among the 80 different
C, through C,, hydrocarbon species identified in each SNMOC sample. Beéause the SNMOC
anaiytical method does not identify every compound in ambient air samples, the “compositions” in

these analyses are not necessarily equivalent to actual compositions present in ambient air.

3214 = Ozone Formation Potential

To highlight the relevance of SNMOC monitoring data to ozone control strategies, this
report indicates how state and local environmental agencies can use the air quality data to predict
the ozone formation potential of ambient air. Using an approach recently published in the
scientific literature (Carter, 1994), this analysis uses the “maximum incremental reactivity” (MIR)
of each SNMOC compound to identify compounds that have the greatest potential for forming
ozone in the atmosphere. These MIRs (shown in Table 3-1) quantify the relative increase in
atmospheric ozone levels expected to occur following incremental increases in ambient air
concentrations of selected compounds. Accordingly, for two compounds with the same ambient
concentration, the compound with the higher MIR has more pronounced impacts on ozone levels
than the compound with the lower MIR. Because the compounds considered in this report
generally have different concentrations, however, this report uses an “ozone index” to compare
ozone formation potentials for the different pollutants. This ozone index is defined as the product
of the concentration of a given compound and its corresponding MIR. Sections 5 and 6 use these

MIRs to relate SNMOC and VOC monitoring results to ozone formation processes.
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3.2.2 Temporal Variations _

The following discussion presents the techniques used in Sections 4 through 7 to
understand the significance of temporal variations in the SNMOC monitoring data. Local and’
state environmental agencies should be particularly interested in these variations because they may
indicate the impact of air pollution control initiatives on long-term trends in air pollution.
Because the monitoring stations sample ambient air only from 6:00 to 9:00 AM during the
summer months, the monitoring data in this report are insufficient to evaluate diurnal or seasonal
changes in air quality. Nonetheless, these data are useful for considering changes in air quality
from one summer month to the next. Further, since several of the current monitoring stations
participated in previous NMOC/SNMOC monitoring programs (see Table 3-2), the monitoring
data also can be used to evaluate how air quality changes over longer time scales.

Whether considering monthly or annual variations, Sections 4 through 7 of this report
examine time sequences only for geometric mean concentrations. As noted in Section 3.1.3,
geometric mean concentrations characterize central tendencies of air monitoring data and
therefore best indicate how overall 1evéls of air pollution vary with time. These time sequences

identify statistically significant changes in levels of air pollution over the long term.

3.3  Data Quality Parameters

The validity of conclusions suggested by ambient air monitoring data is ultimately limited
by the validity of the individual monitoring measurements. To characterize the quality of the 1996
NMOC/SNMOC monitoring measurements, Sections 4 through 7 review the completeness,
precision, and accuracy of the corresponding sampling and analytical methods. The following
paragraphs_ discuss the significance of these data quality parameters. |

3.3.1 Completeness
The completeness of ambient air monitoring programs refers to the fraction of attempted
sampling events that result in either quantified concentrations or non-detects. Due to a variety of

sampling or analytical errors, not all the samples for the various monitoring options were collected
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and analyzed as scheduled. Sections 4 and 5 present completeness data for those monitoring
locations that collected NMOC or SNMOC sai'nples on a regular basis; Sections 6 and 7 do not
present completeness results because the VOC and carbonyl monitoring options involved
collecting and analyzing a fixed number of samples (generally, fewer than 10) according to
schedules specified by the sponsoring agency. Although completeness data do not quantify how
precisely or accurately the monitoring methods measure ambient concentrations, they do indicate
how efficiently samples were collected and handled during the program. Coordinators of the
SNMOC monitoring program generally strive for program completeness greater than 90 percent.

3.3.2 Precision
Precision refers to the mutual agreement between independent measurements performed
_according to identical protocols and procedures. In the context of ambient air monitoring,
precision measures the variability observed upon duplicaté collection or repeated analysis of
ambient air samples. The presence of random errors inherent to the sampling and analytical
methods listed in Section 2.4 ultimately determines the magnitude of the corresponding method
precision. This report compares concentrations generated during replicate analyses to quantify
“analytical precision” and concentrations generafed by duplicate samples to quantify “sampling
precision.” For any pair of duplicate samples or replicate analyses, this report quantifies precision

by computing a relative percent difference (RPD):

RP.D= |X1_X2|

Where: X, and X, are ambient air concentrations of the same compound determined from replicate

_ analyses or duplicate samples; and X is the arithmetic mean of X; and X,. As é'.hown in the equation,
pairs of observations with low variability have lower RPDs (and better precision), and pairs of
observations with high variability have higher RPDs (and poorer precision).

Based on the individual RPDs, overall estimates of method precision were calculated as
follows: (1) program average analytical precision was determined by averaging the RPDs for each
replicate analysis; and (2) program average sampling precision was determined by averaging the RPDs
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for each duplicate sample. Sections 4 through 7 discuss the significance of these results for the four
corresponding monitoring methods

333 Accuracy

Accuracy indicates the extent to which experimental measurements represent their
corresponding “true” or “actual” values. Highly accurate air sampling and analytical methods
generally measure concentrations in very close agreement to actual ambient levels. The accuracy
of air monitoring efforts typically is evaluated using external audit approaches, such as analyzing
audit samples or standards of known concentration. Although no external audit samples were
provided during the 1996 NMOC/SNMOC program, all field sampling staff and laboratory
analysts strictly followed established quality control and quality assurance guidelines to ensure
that all samples were collected and analyzed according to the specifications of the respective

monitoring methods. Sections 4 through 7 reiterate this assessment of the accuracy.

3-11




Table 3-1

Maximum Incremental Reactivities (MIRs) for SNMOC compounds

Compound mole ozone/mole compound) || Compound 'mole ozone/mole compound
08 31

2,2-Dimethylbutane

2,3-Dimethylpentane

2.Ethyl-1-Butene

cis-2-Hexene
Isobutane
Isopentane

Isopropylbenzene

Methylcyclopentane

1,2,4-Trimethylbenzene
2.2 3-Trimethylpentane
2,3,4-Trimethylpentane

Note: Compounds with MIR of “NA” do not have a maximum incremental reactivity listed in the reference.
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4.0  Analysis of Total NMOC Monitoring Results

This section summarizes and analyzes the total NMOC monitoring data collected during
the 1996 NMOC/SNMOC program. As noted in Section 2.4.1, the total NMOC sampling and
analytical method measures levels of a wide range of organic compounds—paraffins, olefins,

aromatics, oxygenates, and halogenated hydrocarbons—that are commonly found in emissions

from industrial facilities, motor vehicles, and natural sources. In short, the total NMOC

monitoring results characterize overall levels of air pollution at a given monitoring station. The
following discussion uses the data analysis methodology presented in Section 3 to identify and
interpret noteworthy trends in the NMOC monitoring data. For quick reference, Section 4.5
reviews the most significant findings.

4.1  Data Summary Tables

Using the data summary parameters discussed in Section 3.1, Table 4-1 efficiently
summarizes the total NMOC monitoring results collected at the four stations that selected this
monitoring option. The following observations are immediately apparent upon review of
Table 4-1:

. Prevalence. All the total NMOC concentrations were measured at levels well
above the estimated method detection limit of 0.005 ppmC (or 5 ppbC).
Accordingly, the variability known to result when concentrations approach their
detection limits should have little effect on the total NMOC measurements.

. Concentration range. With one exception, the lowest total NMOC concentrations
shown in Table 4-1 are comparable across all four stations. At the Newark
monitoring station, however, the lowest concentration was nearly 50 percent
higher than the lowest values observed at the other sites. This difference indicates
that ambient air in the Newark area may have higher baseline levels of total
NMOC.

Again with one exception, the highest total NMOC concentrations are comparable
across the monitoring stations. At the Long Island monitoring station, the highest
concentration was significantly lower than those measured at the other stations.
This difference suggests that air pollution “episodes” in 1996 near the Long Island
station were not as severe as those near the other sites.
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. Central tendency. The geometric mean concentrations for total NMOC at the
Bountiful, Newark, and Plainfield monitoring stations are all within 5 percent of
0.40 ppmC, while the geometric mean concentration at the Long Island station,

. 0.29 ppmC, is more than 25 percent lower. The difference suggests that overall

levels of air pollution near the Long Island station are consistently lower than the
levels observed at the other three stations.

. Variability. The standard deviations in total NMOC concentrations are all on the
same order of magnitude as their corresponding geometric mean—a trend
suggesting that levels of NMOC in ambient air vary significantly throughout the
summer months. The coefficients of vanation are all within 10 percent of 0.60,
indicating that no one monitoring station has notably higher or lower variability
than the others.

The following analyses of spatial variations, temporal variations, and data quality
parameters provide additional context for the NMOC air quality trends indicated by the data

summary tables.

4.2  Spatial Variations

To explain why total NMOC concentrations vary from one monitoring location to the
next, the following paragraphs assess the extent to which nearby emission sources, local
meteorological conditions, and geographical features affect ambient air quality at the four

monitoring stations that measured NMOC.

4,2,1 Emission Inventories

Both the TRI and NET emission inventories are useful tools for interpreting spatial
variations in total NMOC concentrations. To identify potential correlations between TRI
emissions data and ambient air quality, Figures 4-1 through 4-4 show, for the immediate vicinity
of each NMOC monitoring station, locations of industrial facilities that reported air releases of
organic compounds to TRI. These maps clearly indicate that the area surrounding the Newark
monitoring station has many more industrial facilities than the areas surrounding the other three

monitoring stations. Although this distinction may explain why baseline levels of NMOC

42



concentrations at Newark were significantly greater than those observed at other locations, the
TRI data do not adequately explain why geometric mean concentrations at the Bountiful and |

Plainfield sites are nearly equal to those at the Newark site.

To consider emission sources other than those subject to TRI reporting requirements,
Table 4-2 summarizes NET inventory data that characterize VOC emissions from sources in
counties immediately surrounding the four NMOC monitoring stations. The table indicates NET
emissions data from three source categories: mobile sources (primarily emissions from motor
vehicles), point sources (generally emissions documented for certain stack releases, such as at
power plants), and area sources (emissions from natural sources and other industrial facilities).
The emissions data for each station are the sum of the NET emissions reported for counties with
boundaries that intersect a 15-mile radius drawn around each monitoring station. For quick
comparison of emissions data, Table 4-2 also assigns ranks to the four monitoring stations based
on the corresponding NET emissions levels. Like the TRI data, the NET inventory data also
clearly indicate that the highest levels of overall emissions occur in areas immediately surrounding
the Newark monitoring station, which again may explain elevated baseline NMOC concentrations
at this site. On the other hand, the NET inventory data cannot explain some trends indicated by

the data summary parametefs:

. Total emissions in the vicinity of the Bountiful site are significantly lower than the
emissions near the other sites, but the geometric mean NMOC concentration at
Bountiful is relatively high.

. Total emissions in the vicinity of Plainfield, the site with the highest geometric
mean concentration of NMOC, rank third among the four NMOC monitoring
stations. '

. Total emissions in the vicinity of the Long Island station are reported as second
highest, even though the corresponding geometric mean concentration of total
NMOC is relatively low.



Therefore, even though the TRI and NET emissions inventories explain the elevated total
NMOC concentrations measured at Newark, these sources alone cannot account for the trends in
air quality observed at the other three sites. The remaining analyses of spatial and temporal
variations (particularly Sections 4.2.3 and 4.3), howevér, help resolve these apparent

contradictions.

422 Local Meteorology
To evaluate the extent to which local meteorological conditions affect the atmospheric
dispersion of emissions, this section provides qualitative and quantitative analyses of the
correlations between the NMOC data and selected meteorological parameters. The windroses in
Figures 4-5 and 4-6, for example, indicate the direction from which the prevailing wind blew
during the summer of 1996 in the vicinity of the Long Island, Newark, and Plainfield monitoring
stations. Wind speed and wind direction data were not readily available from NCDC for the

Bountiful site. Two important observations can be inferred from these windroses:

. Winds near the Long Island station during the 1996 monitoring program blew
primarily from south to north. The map of this area (see Figure 4-2) indicates that
only one major industrial source and no interstate highways are located to the
south of the station. In fact, the Atlantic Ocean (which clearly has minimal
emissions) is located just over 10 miles south of the monitoring station. Therefore,
the lower NMOC concentrations measured at Long Island may result from
prevailing winds blowing from directions with few or no emission sources.

. During the summer of 1996, winds near the Newark and Plainfield monitoring
stations came primarily from the northwest, the west, the southwest, the south, and
the northeast. This observation is particularly significant, as the Plainfield
monitoring station is located nearly 20 miles southwest of the Newark monitoring
station. Accordingly, the frequent southwesterly winds have the potential to
transport emissions from the immediate vicinity of the Plainfield site to Newark,
and the frequent northeasterly winds to transport emissions from Newark to
Plainfield. Section 4.3 provides a quantitative analysis of how emissions from one
area may affect the air quality of the other.
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In addition to wind speed and wind direction, local temperatures also influence the nature
and magnitude of air pollution. Whereas wind patterns primarily affect atmospheric dispersion,
temperature has a stronger impact on the magnitude of emissions. For example, evaporative
losses of organic compounds from industrial operations generally increase with temperature. To
assess the extent to which temperature affects air quality, this study uses Pearson correlation
coefficients to quantify correlations between daily average temperature (as indicated by the
NCDC meteorological data) and the daily NMOC measurements. For reference, these
coefficients measure the degree of correlation between two variables as follows: two variables
with perfectly “negative” relationships (e.g., when one variable increases by a certain amount, the
other decreases by the same amount) have Pearson correlation coefficients of -1; and two
variables with perfectly “positive” relationships have Pearson correlation coefficients of 1. Table
4-3 summarizes the correlation coefficients between temperature and NMOC concentrations for
all four monitoring sites. These coefficients suggest weak, but statistically significant, correlations
between temperature and NMOC monitoring data at the Newark and Bountiful sites, and no
correlations at the Long Island and Plainfield sites. With only four observations of the
temperature-NMOC correlations, however, it is impossible to determine whether the presence or

absence of correlations indicates a more widespread trend.

4.2.3 Other Factors

Although proximity to emission sources and patterns in local meteorology largely
determine levels of air pollution at particular locations, additional factors, such as proximity to
mountain ranges, may also strongly influence ambient air quality. For instance, the Long Island,
Newark, and Plainfield sites are all located in relatively flat areas with nearby terrain features
generally no greater than 500 feet above the elevation of the monitoring station. The Bountiful
site, however, is located at the base of the Wasatch Mountains, which have some peaks well over
2,000 feet higher than the elevation of the monitoring station. When mixing heights do not
exceed the elevation of these mountains, the terrain may essentially trap emissions from nearby
sources in the lowest levels of the atmosphere. Accordingly, even low levels of emissions at this

site may be incapable of dispersing as rapidly as at the other monitoring locations. This
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- observation probably explains why geometric mean NMOC concentrations measured at Bountiful
are as high as those measured at other stations, despite the lower level of emissions indicated in
Table 4-2.

43  Temporal Variations

This section considers both short-term and long-term variations in NMOC concentrations.
To indicate short-term changes that took place during the 1996 monitoring program, Figure 4-7
presents time sequences indicating e\)ery measurement taken at all four NMOC monitoring
stations during the summer of 1996. These time sequences clearly demonstrate, for all monitoring
stations, significant variations in total NMOC concentrations from one day to the next, in addition

to the following site-specific trends:

. Concentrations of total NMOC at the Long Island station were significantly higher
in September than in the other summer months. In fact, the geometric mean
NMOC concentration for all samples collected in September (0.51 ppmC) is more
than twice as high as the geometric mean concentration for all samples collected in
the other months (0.21 ppmC). Because emissions from industry and motor
vehicles are not expected to dramatically increase during the late summer months,
the increase in NMOC concentrations may be explained by changing
meteorological patterns. Although the NCDC meteorological data collected near
the Long Island station suggest that winds during September have a strong
northerly component (as opposed to primarily out of the south, as indicated by
Figure 4-5), not enough observations are available to determine whether changing
wind patterns account for the notable increase in NMOC concentrations at this
site. More detailed analyses of site-specific data are necessary to resolve this issue.

. The time sequences shown in Figure 4-7 for the Newark and Plainfield sites have
many similar features, including several peak concentrations reported on the same
days. To quantify such similarities, a Pearson correlation matrix was calculated to
determine whether any pairs of sites have highly correlated monitoring data. As
shown in Table 4-4, the Pearson coefficients show a strong positive correlation
between NMOC concentrations measured at Newark and those measured at
Plainfield, with all other pairs of monitoring stations showing weak, if any,
correlations. The high level of correlation between Newark and Plainfield helps
reaffirm the hypothesis raised in Section 4.2.2: to a certain extent, emissions
sources near Newark affect the air quality at Plainfield, and vice versa.
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Like temporal variations over the short term, changes in NMOC over longer time frames
provide additional insight into the nature and rﬁagnit_ude of levels of air pollution. Figure 4-8
shows how total NMOC concentrations measured at the Long 1sland, Newark, and Plainfield
monitoring stations have changed from one summer month to the next since 1988. As shownin
Table 3-2, the Bountiful monitoring station has participated in only one other year of NMOC
monitoring and therefore has insufficient data for evaluating long-term trends. Although Figure
4-8 indicates that geometric mean concentrations of NMOC at the Newark monitoring station
have decreased slightly over the past 9 years, similar long-term trends for the Long Island and
Plainfield stations are not immediately apparent. The cause of the slight decrease in the Newark
area can be determined only By a more detailed review of annual changes in emission inventories
and in local meteorological patterns. Conclusive evidence of long-term trends at the other
stations, however, can be determined only by continuing to collect and analyze NMOC samples

for several more years.

4.4  Data Quality Parameters

Table 4-5 presents data quality parameters for the 1996 NMOC monitoring data. These
data indicate that all stations have completeness fractions greater than 90 percent, with an overall
program completeness of 94 percent. These high fractions suggest that efficient management and
oversight of the 1996 NMOC monitoring stations helped minimize errors in field sampling and
laboratory analysis and, therefore, the number of invalid samples. Table 4-5 also shows that
NMOC concentrations measured during replicate analyses or from duplicate samples generally did
not vary by more than 10 percent, a leQel indicating that all NMOC samples were collected and
analyzed with great precision. As noted in Section 3, the accuracy of these measurements cannot
be quantified, as no audit samples were provided duﬁng the 1996 NMOC/SNMOC program.
Nonetheless, as evidenced by the low variability (high precision) of the NMOC measurements, the
field sampling teams and analytical lab personnel strictly adhered to the NMOC monitoring
methodology. Therefore, the corresponding data are assumed to accurately represent actual

NMOC levels in the ambient air.



4,5 Summary

At the four stations that measured NMOC concentrations during the summer of 1996,
geometric mean concentrations ranged from 0.29 to 0.41 ppmC, with no individual concentration
lower than 0.069 ppmC or higher than 1.72 ppmC. The analyses and interpretations in this
section suggest that many different factors affect the levels of air pollution. Although emissions
data offer a convenient explanation for some of the air quality observations (e.g., the elevated
baseline levels at Newark), these data alone cannot explain every trend in the NMOC monitoring
data. Only by considering many additional factors, such as local meteorology, geographical

features, and long-range transport, can the NMOC monitoring results be analyzed properly.
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_ Tigure 4-1
Facilities in the Vicinity of the Bountiful, Utah (SL1U) Monitoring Station
That Reported Air Releases of VOCs or Carbonyls to TRI
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~ Figure 4-2
Facilities in the Vicinity of the Loong Island, New York (LINY) Monitoring Station
That Reported Air Releases of VOCs or Carbonyls to TRI
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Figure 4-3
Facilities in the Vicinity of the Newark, New Jersey (NWNJ) Monitoring Station
That Reported Air Releases of VOCs or Carbonyls to TRI
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Figure 4-4

Facilities in the Vicinity of the Plainfield, New Jersey (P2NJ) Monitoring Station
That Reported Air Releases of VOCs or Carbonyls to TRI

10-mile radius
| of /,..- "-__\ Essex County
Detail | .~ A Trvington [l
g Monris County il X N,
- ~
s v ¢ .
Va ~ v‘E]Umon
ra -~ OVO\ .
; ,
/ A Union County Y
/ ’ \
-18
II _______..--}-"""/ <& \\
— —— T T T T Y
! \
! Somerset County Linden G
! o T 5
' . [ Plainfield © ng" fi
' Plainfield, NJ (P2NJ) o o ! &,
1 . - 04 * BHerd, N .
\ Monitoring Statién Meterological Station <, o
‘\ ' % 74 /
' o o - o/
A ;-
Y 8 Middlesex County /oA 00
\\ fo 1) 4 o | ‘/8- ‘é
\ . 4 W — -
\ v . )
\\ S o < <o O (] Ediso n/ ,
N oV ,” OPefth Amboy
O QO /
Key: ‘ o s
B Meteorological station L7
& g -
* Monitoring station | _ o L1 New Brunswick y
— County boundary S <<>> M T O Sayreville
4 City & I
— - US Interstate EgorﬁlB_L ® Olclgl;ovwns hip °
TRI Release Categories: < Aromatics A Olefins -V Paraffins
O Carbonyls # Chlorinated Aromatics A Chlorinated Olefins ¥ Halogenated Paraffins

4-12

e



Figure 4-5 -
Windrose Generated From Meteorological Data Collected
During the Summer of 1996 at the John F. Kennedy Airport
(near the Long Island Monitoring Station)

CALM WINDS 4.72% WIND SPEED (KNOTY)
NOTE: Frequencies . . 11-16 1721 ] +21
indicare direction B
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wind is blowing.



Figure 4-6
Windrose Generated From Meteorological Data Collected
During the Summer of 1996 at the Newark International Airport
(near the Newark and Plainfield Monitoring Stations)

CALM WINDS 6.32% ' WIND SPEED (KNOTS)
NOTE: Frequencies - 17-21. +21

indicate direction 7

Jrom which the

wind Ls' blowing.

Source: Data provided by the National Climatic Data Center.




. Figure 4-7 |
Time Sequences for the 1996 Total NMOC Monitoring Data
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Table 4-3

Summary of Correlations Between NMOC Concentrations and Ambient Temperature

Pearson Correlation

Is the Pearson Correlation

Monitoring Station Coefficient Between NMOC | v o et Siomificant to the
Samples and Daily
. Level of 10 Percent?

! Temperature Readings
*

Bountiful, UT _ 0.190 Yes

Long Island, NY 0.001 No

Newark, NJ 0.245 Yes

Plainfield, NJ 0.027 No
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5.0  Analysis of SNMOC Monitoring Results -

This section summarizes the SNMOC ambient air monitoring data collected during the
1996 NMOC/SNMOC program. As noted in Section 2.4.2, the SNMOC sampling and analytical
method currently measures ambient air concentrations of 80 different hydrocarbons, thus
providing detailed information on both the magnitude and the composition of hydrocarbons in air
pollution. With 13 monitoring stations each collecting up to 80 SNMOC samples (and each
sample analyzed for 80 hydrocarbons), this monitoring option generates an extremely large .
volume of air quality data. Accordingly, ]isting the individual SNMOC observations would offer
little insight into notable trends and patterns in air quality. Rather, this section uses the systematic
data analysis methodology presented in Section 3 to provide a succinct, organized, and
comprehensive summary of the SNMOC monitoring data. For those interested in further
evaluating the monitoring results, all concentrations measured under this option are loaded on the

Aerometric Information Retrieval System (AIRS), an electronic database maintained by EPA.

5.1 Data Summary Tables
Using the data summary parameters defined in Section 3.3.1, the following discussion
provides a brief overview of the SNMOC monitoring data. These summary parameters are useful

for identifying those compounds with highest prevalence, concentrations, and central tendencies.

. Prevalence. Of the 80 hydrocarbons identified by the SNMOC sampling and
analytical method, 75 were detected in more than 75 percent of the total SNMOC
samples collected during the program. This high prevalence indicates that a wide
range of hydrocarbons is ubiquitous in air pollution in the vicinity of the selected
monitoring stations. As the exceptions, 2-ethyl-1-butene was detected in 9 percent
of the samples, propyne in 15 percent of the samples, and 1-hexene in 46 percent
of the samples. The central tendencies for these three compounds may be biased
by the significant number of non-detects.

. Concentration range. As expected, some SNMOC compounds have much
broader concentration ranges than others. For example, the highest concentration
of propyne measured during the 1996 program was 1.15 ppbC, while the highest
concentration of toluene was 377.54 ppbC. To give a sense of the hydrocarbons
with the most noticeable peaks, the following list presents compounds that had
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concentrations exceeding 100 ppbC in at least one sample during the SNMOC
program:

Acetylene/Ethane 2-Methylpentane
n-Butane n-Pentane
Isobutane/1-Butene Propane
n-Dodecane Propylene
1-Dodecene Toluene
n-Hexane n-Undecane

Isopentane m,p-Xylene

Central tendency. Table 5-1 shows the geometric mean concentrations for every
SNMOC compound, classified by monitoring station. Due to the high prevalence
of SNMOC compounds, these geometric means should accurately represent
central tendency concentrations. In some cases, geometric mean concentrations
are lower than their corresponding detection limits, as the SNMOC sampling and
analytical method is capable of estimating concentrations at levels below the
detection limits shown in Table 2-5. To assess the validity of these measurements,
Section 5.4 comments on the accuracy and precision of the SNMOC sampling and
analytical method.

Like the highest concentrations, the geometric mean concentrations exhibit great
variability among the different SNMOC compounds. To make sense of the large
volume of data in Table 5-1, a three-step ranking scheme was developed to
identify compounds with relatively high geometric mean concentrations at all sites:

(1)  The SNMOC compounds at every station were first assigned a “compound
‘rank” based on the magnitude of their geometric mean concentrations. For
example, the compound with the highest geometric mean concentration at a
given station was assigned a compound rank of one, the compound with
the second highest geometric mean a compound rank of two, and so on.

(2)  The compound ranks were then averaged across all sites to determine a
“program average rank” for each SNMOC compound. In this way,
compounds with relatively high geometric mean concentrations at all
stations had program average ranks closer to 1, while compounds with
lower geometric mean concentrations had averages closer to 78.
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3) ’ Finally, the program average ranks were sorted to determine which
compounds had consistently higher geometric mean concentrations at all
sites. -

According to this simple ranking scheme, the following 15 compounds (shown in
order of increasing program average rank) have relatively higher geometric mean
concentrations at the 13 SNMOC monitoring stations:

(1) Toluene (9) n-Pentane
(2) Acetylene/Ethane (10) Benzene
(3) Isopentane (11) 1,2,4-Trimethylbenzene
(4) Propane ' (12) n-Hexane
(5) n-Butane (13) Propylene
(6) m,p-Xylene (14) 2,2,4-Trimethylpentane
(7) 2-Methylpentane ~ (15) 3-Methylpentane
(8) Ethylene

Thus, toluene consistently has higher geometric mean concentrations at the
monitoring stations than the 79 other SNMOC compounds, followed by
acetylene/ethane, and so on. However, these ranks may be misleading for two
reasons: (1) the ranks are based on concentrations reported in units of ppbC and
therefore may be slightly biased to compounds having more carbon atoms (see
sidebar in Section 2.4); and (2) compounds with higher geometric means do not
necessarily have the most pronounced impact on ozone formation potential (see
Section 5.2.4).

. Variability. With some exceptions, coefficients of variation for over 75 percent of
the SNMOC compounds measured at each monitoring station were less than 1,
indicating that the magnitude of ambient air concentrations typically is within one
standard deviation of the corresponding arithmetic mean. At the Juarez and Dallas
monitoring stations, however, nearly half the SNMOC compounds have
coefficients of variation greater than 1. Thus, the magnitude of air pollution in
these areas fluctuates more significantly than in the vicinity of the other monitoring
stations. Further investigation may indicate how fluctuating levels of ambient
hydrocarbons affect the frequency and severity of ozone episodes.

Although these data summary parameters identify compounds most prevalent in ambient
air, they do not explain why the magnitude of concentrations varies among the different SNMOC
monitoring stations or how levels of air pollution change with time. The following sections

address these issues.

5-3




5.2 Spatial Variations

As an overview of spatial variations, Figure 5-1 compares geometric mean concentrations
of “total identified SNMOC compounds” at the 13 SNMOC monitoring stations. -Total identified
SNMOC compounds include all compounds that elute from the GC column during analysis of
SNMOC samples, including compounds that the sampling apparatus collects but the analytical
method cannot identify. This concentration of total identified compounds should approximately
equal the concentration that would have been determined using the total NMQC sampling and
analytical method (see Section 4). The summary of total identified SNMOC compounds in Figure
5-1 suggests relatively higher ambient air concentrations of hydrocarbons in the Newark, Denver
(except Rocky Flats), and Juarez areas; moderately high concentrations in the Dallas and Salt
Lake City areas; and relatively lower concentrations in the Birmingham area. The following

analyses offer additional insight into these general spatial variations.

5.2.1 Emission Inventories

This section uses TRI and NET emissions data to interpret spatial variations in ambient air
concentrations of SNMOCs. Theses analyses group the 13 SNMOC monitoring stations into six
metropolitan areas: Birmingham, Dallas, D_enver, Juarez, Newark, and Salt Lake City. Because
the TRI and NET inventories do not account for emission sources in Mexico, this section uses
emissions data for El Paso, Texas, as a rough estimate of the total air releases in the vicinity of the

Juarez monitoring station.

To evaluate how emissions from industrial facilities affect the measured concentrations of
SNMOCs, Figures 5-2 through 5-7 show locations of the SNMOC monitoring stations and nearby
industrial facilities that reported air‘releases of organic compounds to TRI. Figures 4-1 and 4-3
show this information for the Salt Lake City and Newark areas, respectively. Not surprisingly,
the number of industrial emission sources varies significantly from one metropolitan area to the

next. These variations are consistent with some general trends in the SNMOC monitoring data:
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. Fewest industrial emission sources near the B2AL, B3AL, and RF-N monitoring
stations. Of the 13 SNMOC monitoring stations, only 2 in the vicinity of
Birmingham (B2AL and B3AL) and 1 in the vicinity of Denver (RF-N) were
located less than 10 miles from fewer than 10 industrial facilities that reported air
releases to TRI. As shown in Figure 5-1, these 3 monitoring stations also
measured relatively lower ambient air concentrations of SNMOCs than the other
10 stations.

. Most industrial emission sources in the Newark area. As shown in Figure 4-3, the
Newark metropolitan area clearly has the highest density of industrial facilities that
report air releases of organic compounds to TRI. Similarly, Figure 5-1 indicates
that the ambient air in the vicinity of Newark had relatively higher air
concentrations of SNMOCs than most of the other monitoring stations.

Despite these consistencies, the TRI data cannot explain several notable trends in the
SNMOC results, such as the relatively high concentrations in the Denver area. As shown in
greater detail in Sections 6 and 7, the TRI data also cannot account for spatial variations observed
in ambient air concentrations of specific compounds. Accordingly, the absence of strong
correlations between the TRI emissions data and SNMOC monitoring data suggests that
hydrocarbons in the ambient air do not originate primarily from industrial sources or that TRI

emissions data do not accurately represent emissions from industrial sources.

To supplement the analysis of TRI emissions data, Figure 5-8 summarizes NET emissions
data for the six metropolitan areas with SNMOC monitoring stations. By considering motor
vehicle, natural, and industrial emissions data, the NET inventory offers a more comprehensive
account of total levels of emissions for a given area. Like the TRI data, the NET emiésiohs data
only confirm the observations of higher levels of emissions near Newark and lower levels near
Birmingham, but cannot explain other trends, such as the relatively higher concentrations of
SNMOCs near Denver. The NET inventory does, hoﬁvever, suggest that emissions of
hydrocarbons from motor vehicles in urban areas are typically just as high as total emissions from
industrial point sources and area sources. Provided these data are accurate, emissions from both

industrial facilities and motor vehicles are expected to contribute to the hydrocarbons detected in
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the SNMOC samples. Section 5.2.3.3 oﬁ'ers_additiorial evidence that emissions from motor

vehicles strongly influence ambient air concentrations of selected hydrocarbons.

5.2.2 Local Meteorology _

Local meteorological conditioﬁs strongly affect two mechanisms critical to ambient air
quality: photochemical reactivity and atmospheric dispersion. This section focuses on how wind
speed, wind direction, and temperature influence these mechanisms and the corresponding air
concentrations measured at the SNMOC monitoring stations. Because detailed air dispersion
analyses are beyond the scope of this work, this section does not consider how other

meteorological parameters (such as cloud cover, mixing heights, and solar radiation) affect air

quality.

5.2.2.1 Wind Speed and Wind Direction

The windroses in Figures 5-9 through 5-12 summarize the statistical distribution of wind
speeds and wind directions measured during the summer of 1996 at NCDC meteorological
stations in Birmingham, Dallas, Denver, and El Paso. Following standard conventions for
reporting meteorological data, the wind directions shown in these figures indicate the directions
from which ﬁnds were blowing. The prevailing wind patterns in these four metropolitan areas

relate to the SNMOC monitoring data as follows:

. Birmingham (Figure 5-9). During the 1996 monitoring program, winds in
Birmingham blew most frequently from the north and northeast, and least
frequently from the southwest. Accordingly, emissions from sources in the
Birmingham area during the summer of 1996 likely had more pronounced impacts
on air quality in areas to the south and the southwest of the corresponding source.
This observation may explain, in part, why ambient air concentrations of total
SNMOCs measured at Helena (B3AL, roughly 15 miles south of Birmingham)
were 15 percent higher than those measured at Pinson (B2AL, roughly 15 miles
northeast of Birmingham),

. Dallas (Figure 5-10). Winds in Dallas during the summer of 1996 blew primarily
‘ from south to north and from southeast to northwest. These prevailing winds
suggest that an emission source located south or southeast of the CAMSS,
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CAMS13, and DLTX monitoring stations has a stronger impact on measured
concentrations than an emission source (of equal magnitude) located to the north
or northwest of these stations. Further, as shown in Figures 5-5 and 5-6, the
prevailing winds blow from downtown Fort Worth and downtown Dallas directly
toward the CAMS13 and CAMS5 monitoring stations, respectively. Accordingly,
levels of air pollution at these locations may be affected by the morning rush-hour
commute to these urban centers.

Denver (Figure 5-11). During the 1996 monitoring program, winds in Denver
blew most frequently from southwest to northeast. This pattern offers some
insight into why ambient air concentrations measured at the CAMP and WELBY
monitoring stations were nearly three times greater than concentrations measured
at the RF-N monitoring station (see Figure 5-1). For instance, both the CAMP
and WELBY stations are located northeast of major interstate highways, several
industrial sources meeting the TRI reporting requirements, and many suburbs with
high populations. The RF-N station, on the other hand, is located northeast of the
base of the Rocky Mountains, with substantially fewer emission sources.
Examining land use and emission sources upwind of these three stations, therefore,
helps explain corresponding differences in air quality. -

El Paso (Figure 5-12). With limited information available on emission sources in
the vicinity of the Juarez monitoring station, it is difficult to assess how the
prevailing northerly and southwesterly winds in this region affect local air quality. .
Nonetheless, the windrose in Figure 5-12 indicates that prevailing winds blow both
from the Juarez area toward El Paso and vice versa.

Although prevailing wind patterns may explain general trends in air quality, research into

air pollution generally relies on sophisticated dispersion modeling analyses to quantify how

fluctuating wind directions and wind speeds influence air pollution. As noted earlier, such

analyses are beyond the scope of this report.

5.2.2.2

Temperatare

To understand how temperature relates to ambient air quality, Pearson correlation

coefficients were calculated to determine whether levels of air pollution tend to increase or

decrease with daily average temperature. Because the statistical significance of these calculations

decreases with decreasing number of observations, the correlation coefficients were calculated

only for monitoring stations that collected more than 30 SNMOC samples. Figure 5-13 shows
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how concentrations of total identified SNMOCs correlated with daily average temperatures at the
nine monitoring stations that met this criterion. With t\;vo exceptions, the levels of hydrocarbons
in air pollution showed weak, but statistically significant, negative correlations with ambient
temperature. These weak correlations indicate a very slight tendency for ambient levels of
hydrocarbons to be lower on days with higher ambient temperature. Increased photochemical
reactivity that consumes hydrocarbons may explain this slight negative correlation, but this
hypothesis can be confirmed only by considering other factors known to affect photochemical

reactions, such as cloud cover and humidity.

At the JUMX and WELBY monitoﬁng_ statibns, however, the Pearson correlation
coefficients show relatively strong and statistically significant positive relationships between
temperature and concentrations of total identified SNMOCs. Accordingly, levels of hydrocarbons
measured at these stations show a relatively strong tendency toward being higher on warmer days
than on cooler days. Because levels of motor vehicle traffic generally do not increase significantly
from one summer weekday to the next (regardless of ambient temperature), this temperature
dependence probably does not result from variations in motor vehicle emissions. The results for
the WELBY station are especially peculiar, as ambient air concentrations measured at the CAMP
station, less than 5 miles away, show very weak relationships to temperature. Site-specific
analyses of emission sources in the vicinity of the JUMX and WELBY monitoring stations may
help explain this distinct temperature dependence. Even though the correlation coefficients
presented in Figure 5-13 are statistically significant, further statistical analyses of additional
monitoring data collected at these sites also should be analyzed to confirm the unique effects of

temperature.

Although Pearson correlation coefficients between concentrations of individual SNMOC
compounds and temperature generally varied in sign and magnitude across the monitoring
stations, isoprene, a compound typically associated with emissions from natural sources, had
strong, positive correlations with temperature at all 13 SNMOC monitoring stations. This

observation is consistent with the findings of many emission models that predict a strong
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dependence of biogenic emissions on ambient temperature (Sonoma, 1996). The consistent
correlations between temperature and ambient levels of isoprene indicate that emissions from
natural sources affect the ambient air quality at all the SNMOC monitoring locations. Section

5.2.3 presents additional analyses of the impact of biogenic emissions-on ambient air quality.

5.2.3 Composition of Air Samples

This section examines spatial variations in the composition of ambient air concentrations
of SNMOCs as a means for understanding the extent to which specific emission sources affect
ambient air quality. The analyses first focus on relative contributions of aromatic, olefinic, and
paraffinic compounds to ambient air quality, then examine contributions of isoprene to overall

levels of air pollution, and finally consider concentration ratios of BTEX compounds.

5.2.3.1 Aromatic, Olefinic, and Paraffinic Compounds

Figure 5-14 breaks the total identified SNMOCs measured at each monitoring station into
contributions from aromatic, olefinic, and paraffinic compounds. These concentrations do not,
however, represent the actual composition of hydrocarbons because the SNMOC analytical
method cannot identify every hydrocarbon in ambient air and it is not known whether the
unidentified compounds are primarily aromatic, olefinic, or paraffinic compounds. Nonetheless,
the data in Figure 5-14 qualitatively indicate the relative contribution of these three chemical
categories to overall levels of hydrocarbons in air pollution. As shown in the figure and discussed
below, the contributions of the different hydrocarbon categories do not vary significantly among

the monitoring stations:

. Aromatic compounds accounted for between 30 and 40 percent (on a ppbC basis)
~ of the concentration of total identified SNMOCs measured at each station. Of the
19 aromatic compounds identified by the SNMOC analytical method, toluene, m,p-
xylene, and benzene generally had the highest ambient air concentrations and made
up roughly 50 to 60 percent of the total aromatic compounds detected at the
stations. '
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. Olefinic compounds accounted for between 15 and 25 percent (on a ppbC basis)
of the concentration of total identified SNMOCs measured at each station. Of the
29 olefinic compounds detected during analysis, ethylene and propylene
consistently had highest geometric mean concentrations and typically comprised
between 20 and 40 percent of the total olefinic compounds. It should be noted,
however, that acetylene, an olefinic compound known to have relatively high
ambient air concentrations, was not considered in this analysis, as the SNMOC
analytical method could not differentiate acetylene from ethane.

. Faraffinic compounds contributed between 40 and 55 percent (on a ppbC basis) of
the total identified SNMOCs. Isopentane, propane, and n#-butane, the three
paraffins with highest geometric mean concentrations, generally accounted for
between 30 and 40 percent of the paraffins identified at the 13 SNMOC
monitoring stations. Ethane also contributed significantly to total levels of
paraffins, but the exact contribution is impossible to determine, as the SNMOC
analytical method could not differentiate ethane from acetylene.

To supplement this summary of the composition of air samples, Sections 5.2.5 and 5.2.6
analyze how the composition data can be used to predict the ozone formation potential of air

masses and to estimate the age of air masses sampled at the SNMOC monitoring stations.

5.2.3.2 Isoprene

As the most abundant hydrocarbon in biogenic emissions, isoprene is typically used to
assess the effect of biogenic emission sources on air quality. Figure 5-15 shows the magnitude
and composition of geometric mean air concentrations of isoprene measured at the 13 SNMOC
monitoring stations. The figure indicates that the magnitude of geometric mean concentrations: of
isoprene ranges from less than 0.5 ppbC to greater than 2.5 ppbC. The relative abundance of
isoprene, however, shows much less vaJiaBility, with air samples collected in areas other than
Birmingham consistently containing approximately 0.5 percent isoprene (on a ppbC basis). At the
monitoring stations in Birmingham, the contribution of isoprene to total SNMOCs ranges from 1
to 2.5 percent. The distinctly different relative abundances indicate that biogenic emissions have a
stronger impact on air quality in Birmingham than in the other metropolitan areas cbnsidered.
Although biogenic sources emit many hydrocarbons in addition to 1soprene (see Section 5.2.4),

the composition data in Figure 5-15 indicate that biogenic emissions account for only a small
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proportion of the total hydrocarbons in ambient air between 6:00 and 9:00 AM, the sampling
period adopted during this program. Because air concentrations of isoprene increase significantly
with ambient temperature (see Section 5.2.2.2), however, the relative abundances shown in

Figure 5-15 may understate the composition of isoprene observed during other times of the day.

5233 BTEX Concentration Ratios

Figure 5-16 displays the BTEX concentration ratios for the SNMOC monitoring stations
and indicates that, with some exceptions, the concentration profiles for these compounds do not
differ significantly from one monitoring location to the next. At the Bountiful (SL1U), Juarez
(IUMX), and Plainfield (P2NJ) monitoring stations, however, the ratio of toluene concentrations
to ethylbenzene concentrations is noticeably higher than at the other monitoring stations. Because
the other BTEX ratios at these three stations are similar to the ratios at the other stations, the
pronounced toluene:ethylbenzene ratios apparently result from relatively higher ambient air
concentrations of toluene (as opposed to relatively lower concentrations of ethylbenzene).
Further research into emission sources near these three sites may identify the source of stronger

toluene emissions.

Despite this exception, the BTEX profiles shown in the figure are very similar in shape and
in magnitude to profiles measured in a recent roadside air monitoring effort (Conner, Lonnerman,
Seila, 1995). The similarities between the profiles for the SNMOC monitoring stations and the
referenced roadside profile strongly suggest that emissions from motor vehicles contribute

significantly to the ambient levels of aromatic hydrocarbons measured during the program.

5.2.4 Data Correlations

This section examines correlations between ambient air concentrations of different
pollutants to provide additional insight into the origin of compounds detected in the SNMOC air
samples. As noted in Section 4, highly correlated ambient air concentrations for a pair of

compounds suggest that both compounds originate from similar emission sources. Following this
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principle, the paragraphs below describe in further detail two separate correlation analyses

performed on the SNMOC monitoring results.

Table 5-2 summarizes the strongest correlations observed among the 601 SNMOC
samples collected during the 1996 program. Of the nearly 2,500 possible chemical pairings, only
those pairs of compounds shown in Table 5-2 had Pearson correlation coefficients greater than
0.9, a level arbitrarily selected to identify the most highly correlated compounds. These chemical
pairs consist primarily of compounds with very similar chemical structures, such as the xylene
isomers and the ethyltoluene isomers. The notably strong correlations across six different
metropolitan areas suggest that these pairs of compounds originate from the same categories of
emission sources in most urban areas. As an example, recent methodologies for analyzing
ambient air monitoring data suggest that mobile source emissions account for most of the xylene
isomers detected in urban ambient air (USEPA, 1995), which is consistent with the highly

correlated concentrations of these compounds at the SNMOC monitoring stations.

Pearson correlation coefficients also were examined to idéntify airborne pollutants emitted
from biogenic sources. Because isoprene in ambient air largely originates from biogenic emissions
(Sonoma, 1996), compounds having relatively strong positive correlations with isoprene should
also originate from similar emission sources. The five compounds having strongest correlations
with isoprene across the SNMOC monitoring stations (and their corresponding Pearson
correlation coefficients) are a-pinene (0.42), B-pinene (0.23), cyclopentene (0.20), 2-methyl-1-
pentené (0.18), and 1-decene (0.16). Because the predominant vegetation differs significantly in
the six metropolitan areas considered, the magnitude of the correlations is noticeably weaker than
the magnitude of correlations shown in Table 5-2. Nohetheless, these statistically significant
correlation coefficients suggest trends in biogenic emissions consistent with other analyses of air
monitoring data. For example, recent guidance for interpreting air monitoring data also suggests

that plant species emit large quantities of 1-decene and the pinene isomers (Sonoma, 1996).
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These analyses indicate how data correlations help identify subtle, but noteworthy, trends
in large volumes of monitoring data. With ambient air concentrations of SNMOCs available for
80 compounds at 13 monitoring stations, many additional correlations can be analyzed. Interested

readers can use the example as a basis for evaluating other data correlations.

5.2.5 Age of Air Mass

This section uses ratios of ambient air concentrations to evaluate air mass aging at selected
SNMOC monitoring stations. Understanding the relative age of pollutants in ambient air can help
state and local environmental agencies differentiate locations with air quality affected primarily by
nearby emission sources from locations with air quality affected more by long-range transport of
chemical emissions—an important distinction for identifying appropriate air pollution control

strategies.

To assess air mass aging, Figure 5-17 compares ratios of concentrations of benzene,
m,p-xylene, and toluene measured at metropolitan areas having at least three SNMOC monitoring
stations. Of these compounds, xylene isomers are most reactive in ambient air, toluene has
intermediate reactivity, and benzene is least reactive. Accordingly, as emissions of these
compounds transport over long distances, the ratio of the concentration of xylene isomers to the
concentration of toluene is expected to decrease (as xylene compounds react faster than toluene),
and the ratio of concentrations of benzene to concentrations of toluene is expected to increase (as
the toluene reacts faster than the benzene). These predictions relate to the data in .Figuxl'e 5-17 as

follows:

. Birmingham. The monitoring station at Tarrant City has a concentration ratio of
benzene to toluene roughly 10 percent lower than the other Birmingham
monitoring stations and a concentration ratio of m,p-xylene to toluene
approximately 10 percent higher than the other stations. This pattern suggests that
long-range transport of chemical emissions has a notably stronger impact on air
quality at the Pinson (B2AL) and Helena (B3AL) monitoring stations than on air
quality at the Tarrant City (B1AL) monitoring station.
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. Denver. The monitoring stations within the city of Denver (CAMP and WELBY)
have nearly equal ratios of concentrations of benzene to toluene and of m,p-xylene
to toluene, suggesting little difference in air mass age between these locations.
The ratio of concentrations of these aromatic compounds at the Rocky Flats
monitoring station, however, indicates a relatively older air mass age than at the
Denver monitoring stations: (1) the ratio of concentrations of benzene to toluene
is 25 percent greater at Rocky Flats than at Denver, and (2) the ratio of
concentrations of m,p-xylene to toluene is nearly 25 percent lower at Rocky Flats
than at Denver.

. Dallas. The ratio of concentrations of benzene to toluene is nearly constant across
the three SNMOC monitoring stations in Dallas. The ratio of m, p-xylene to
toluene, however, is significantly higher at the DLTX monitoring station than at
the other Dallas locations. Accordingly, long-range transport of hydrocarbons is
expected to have relatively lower impacts on air quality at the DLTX monitoring
station.

Comparing these air mass aging results to the maps of the three metropolitan areas
suggests one uniform trend in the 1996 SNMOC monitoring results: long-range transport of
chemical emissions tends to have relatively stronger impacts on air quality at locations
surrounding metropolitan areas and relatively weaker impacts on air quality in urban centers.
Although applicable to the three metropolitan areas considered in this analysis, this trend may not

necessarily apply to every metropolitan area.

- 5.2.6 Ozone Formation Potential

This section analyzes chemical reactivity data to assess the dzoné formation potential of
air masses sampled at the SNMOC monitoring stations, Reactivity is an important consideration
for ozone control strategies, as highly reactive compounds at relatively low concentrations may
have more significant impacts on ozone formation than less reactive compounds at relatively high
concentrations. To compare the ozone formation potential between the different SNMOC
compounds, this reactivity analysis uses an “ozone index,” defined here as the product of the
geometric mean concentration of a given compound and its corresponding maximum incremental

reactivity (MIR). Because MIRs estimate relative reactivities of compounds in ambient air, ozone

indices essentially are reactivity-weighted ambient air concentrations.
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Figures 5-18 through 5-21 summarize ozone indices for the 20 compounds with highest
geometric mean concentrations measured at selected monitoring stations in the Birmingham,
Dallas, Denver, and Juarez metropolitan areas. (Table 5-3 lists the abbreviations used in these
figures.) For ease of interpretation, the compounds are shown in order of decreasing geometric
mean concentration. Every ozone index plot clearly indicates that compounds with the highest
potential for forming ozone are not necessarily the compounds with highest geometric mean
concentrations. Despite the widely varying composition and magnitude of air quality between
these metropolitan areas, six compounds have the highest ozone indices at each urban area:
toluene, m,p-xylene, 1,2 4-trimethylbenzene, ethylene, and propylene. Accordingly, pollution
control strategies that reduce emissions of these compounds may cause a greater reduction in

ambient ozone levels than pollution control strategies that reduce emissions of other compounds.

Because this program samples ambient air only from 6:00 to 9:00 AM, the plots of ozone
formation potential do not characterize chemical reactivity for all times of the day. For a more
complete assessment of ozone formation potential, interested readers are encouraged to perform

similar reactivity analyses on monitoring results collected during other times of the day.

5.3 Temporal Variations

This section presents a general analysis of how ambient air concentrations of SNMOCs
change with time. As noted in Section 3.2.2, because SNMOC samples were collected between
6:00 and 9:00 AM during the summer months, the monitoring data are insufficient for evaluating
diurnal or seasonal changes in ambient air quality. Accordingly, this analysis focuses only on how
concentrations vary from one monitoring year to the next. Given the large volume of monitoring
data available under this option, this section provides an example analysis of long-term changes in
ambient air quality for only the Birmingham monitoring stations—the stations with the most
SNMOC monitoring data available from previous participation in this program. Interested
readers can use this analysis to examine long-term trends in other subsets of the SNMOC

monitoring data.
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As an example analysis, Figure 5-22 presents long-term trends in median ambient air
concentrations of propane and propylene in the vicinity of Birmingham, Alabama. The figure
does not consider geometric or arithmetic mean concentrations, as these parameters were not
consistently reported over the last 5 years. As shown in the figure, ambient air concentrations of
propane measured at the Birmingham stations in 1996 are roughly 30 percent lower than the
corresponding concentrations measured in 1992. Although a significant decrease, this long-term
trend does not necessarily translate into a substantial decrease in the ozone formation potential of
the ambient air, as propane exhibits relatively low reactivity (see the MIRs in Table 3-1). To
emphasize this point, Figure 5-22 also summarizes long-term trends in median ambient air
concentrations of propylene, a compound assumed to be over 20 times more reactive than
propane (see Table 3-1). These trends indicate that ambient levels of propylene have either
remained relatively constant (B2AL and B3 AL monitoring stations) or have significantly increased
over the last 5 years (B1AL monitoring station). Accordingly, any marginal decrease in ozone
formation as indicated by the long-term trends for propane appears to be offset by an increase in
ozone formation as indicated by the higher concentrations of propylene, particularly for the B1AL

monitoring station.

This example emphasizes several important factors to consider when evaluating trends in
ambient air monitoring data over the long term. First, long-term average concentrations must be
compared using consistent central tendency estimates (e.g., median, arithmetic mean, or
geometric mean) and units of measurement. Second, long-term trends in SNMOC monitoring
data should be interpreted along with chemical reactivity data to qualitatively evaluate how
changes in air quality affect ozone formation processes. Finally, to identify the causes of the long-
term trends, state and local environmental agencies also should consider the extent to which
emission inventories and meteorological conditions changed over the same time frame. Only by
considering such a wide range of contributing factors can researchers interpret the significance of

long-term trends indicated by ambient air monitoring data.

5-16



5.4  Data Quality Parameters

To indicate the quality of the SNMOC monitoring data, Tables 5-4 and 5-5 summarize
completeness and precision data, respectively, for the SNMOC measurements made during the
1996 program. The completeness data indicate that over 90 percent of the scheduled sampling
events were successfully completed at most of the monitoring stations, and the program as a
whole achieved 92 percent completeness. These high completeness figures suggest that the
number of invalidated sampling events was minimized by data analysts collecting, handling, and

analyzing air samples according to the guidelines of the SNMOC sampling method.

As an additional measure of data quality, the precision data in Table 5-5 show that
ambient air concentrations of most SNMOC compounds measured during replicate analyses
varied, on average, less than 40 percent (analytical precision) and that concentrations of most

SNMOCs measured in duplicate samples generally varied by less than 60 percent (sampling

~ precision). For reference, the SNMOC method documentation recommends bounds for analytical

precision as less than 30 percent for compounds with concentrations greater than 2 ppbC and as
less than 95 percent for compounds measured at lower levels (USEPA, 1989), but the method
does not report reasonable bounds for sampling precision. The analytical precision estimates
shown in Table 5-5 generally meet the data quality guidelines of the SNMOC sampling and
analytical method, suggesting that laboratory analysts strictly followed the standard procedures

for quantifying concentrations of hydrocarbons both precisely and accurately.

55 Summary

Not surprisingly, ambient air concentrations of speciated hydrocarbons exhibited great
variability among the 13 monitoring stations that collected SNMOC samples during the summer
of 1996. Use of a series of data analyses, however, helped to put the large volume of monitoring
data into perspective. For instance, review of emission inventories suggests that emissions from
industrial, motor vehicle, and natural emission sources all contribute significantly to hydrocarbons
in ambient air. The composition of the SNMOC samples, particularly the BTEX concentration

profiles, suggested that emissions from motor vehicles contribute significantly to ambient air
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concentrations measured at every monitoring stations. Statistical analyses confirmed that ambient
air concentrations of many pairs of aromatic hydrocarbons are highly correlated at every
monitoring station, again suggesting that they originate from emission sources common to urban
environments (e.g., motor vehicles). Additional analyses of correlations and composition offered
insight into the relative age of the air masses and the relative contribution from natural emission

sources.

Even though this section provides extensive analyses of the SNMOC monitoring data, the
reader should note that these analyses are not comprehensive. Accordingly, regulators at
environmental agencies and researchers are encouraged to conduct additional analyses to gain
further insight into the nature and magnitude of air pollution in the vicinity of the SNMOC

monitoring stations.
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_ Figure 5-2
Facilities in the Vicinity of the Tarrant City, Alabama (B1AL)
and Pinson, Alabama (B2AL) Monitoring Stations
That Reported Air Releases of VOCs or Carbonyls to TRI
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Figure 5-3

Facilities in the Vicinity of the Helena, Alabama (B3AL) Monitoring Station
That Reported Air Releases of VOCs or Carbonyls to TRI
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Figure 5-4
Facilities in the Vicinity of the Denver, Colorado (CAMP),
Denver, Colorado (WELBY), and Rocky Flats, Colorado (RF-N) Monitoring Stations
That Reported Air Releases of YOCs or Carbonyls to TRI
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Figure 5-5

Facilities in the Vicinity of the Fort Worth, Texas (CAMS13) Monitoring Station

That Reported Air Releases of VOCs or Carbonyls to TR1
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Figure 5-6
Facilities in the Vicinity of the Dallas, Texas (DLTX)
and Dallas, Texas (CAMS5) Monitoring Stations
That Reported Air Releases of VOCs or Carbonyls to TRI
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Figure-5-7 .
Facilities in the Vicinity of the Juarez, Mexico (JUMX) Monitoring Station
That Reported Air Releases of VOCs or Carbonyls to TRI
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T Figure 5-9
Windrose Generated From Meteorological Data Collected
During the Summer of 1996 at the Birmingham Municipal Airport
(near the Helena, Pinson, and Tarrant City Monitoring Stations)

CALM WINDS 22.80% WIND SPEED (KNOTS)
NOTE: F requencies 11-16 17-21 +21
indicate direcrion
from which the
wind is blowing.

Source: Data provided by the National Climatic Data Center.
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Figure 5-10 _
Windrose Generated From Meteorological Data Collected
During the Summer of 1996 at the Dallas-Fort Worth Regional Airport
(near the Dallas and Fort Worth Monitoring Stations)

CALM WINDS 7.41% WIND SPEED (KNOTS)

NOTE: Frequencies
indicate direction
Jrom which the
wind is blowing.

Source: Data provided by the National Climatic Data Center.
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Figure 5-11
Windrose Generated From Meteorological Data Collected
During the Summer of 1996 at the Denver International Airport
(near the Denver and Rocky Flats Monitoring Stations)
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CALM WINDS 3.30% | WIND SPEED (KNOTS)
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indicate direction Pl
from which the
wind is blowing.

Source: Data provided by the National Climatic Data Center.
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: Figure 5-12
Windrose Generated From Meteorological Data Collected
During the Summer of 1996 at the El Paso International Airport

' (near the Juarez Monitoring Station)

CALM WINDS 8.93% WIND SPEED (KNOTS)
NO:ZE;- Frequencies . 11-16 1721 +21
indicaze direction
Jfrom which the
wind is blowing.

Source: Data provided by the National Climatic Data Center.
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Figure 5-17

Ratios of Geometric Mean Concentrations of Benzene and m,p -Xylene

to Toluene at Selected Monitoring

Stations
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Figure 5-22
Long-Term Trends in Ambient Air Concentrations of Propane
and Propylene in the Vicinity of Birmingham, Alabama
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Table 5-2

Pairs of Compounds With Pearson Correlation Coefficients Greater Than 0.90

(Based on 601 SNMOC Samples)

Compounds

Pearson Correlation

Coeflicient
m,p-Xylene 0-Xylene 0.99
Ethylbenzene m,p-Xylene 0.98
Ethylbenzene o-Xylene 0.97
m-Ethyltoluene p-Ethyltoluene 0.96
2,2,4-Trimethylpentane 2,3,4-Tnmethylpentane 095
m-Ethyltoluene 1,3,5-Trimethylbenzene 0.95
p-Ethyltoluene 1,3,5-Trimethylbenzene 0.93
n-Undecane n-Dodecane 0.93
trans-2-Butene cis-2-Butene 0.92
m-Ethyltoluene 1,2,4-Trimethylbenzene 0.92
2-Methylhexane n~Heptane 0.90
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Table 5-3
Abbreviations Used in Figures of Ozone Indices
(Figures 5-18 through 5-21)

Abbreviation Compound Abbreviation Compound

2.2 A-Trimethylpentane Isopentane

2,3,4-Trimethylpentanc

2,3-Dimethylpentane

3mhep 3-Methylheptane npbz n-Propylbenzene

4mlpe 4-Methyl-1-pentene - | nunde n-Undecane

cis-2-butene Propylene

I cypna

Note:  Abbreviations are listed only for compounds with MIR data shown in Table 3-1.
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Table 5-4

Completeness of SNMOC Monitoring

|| . Monitoring Station

Number of

Number of

Completeness

Sampling Events Sampling Events
II Code Location Attempted Completed

BI1AL | Tarrant City, AL 83 75 90 %
B2AL | Pinson, AL 83 72 87 %
B3AL | Helena, AL 33 76 92 %
CAMP | Denver, CO 36 33 92 %
CAMSS | Dallas, TX 83 78 94 %
CAMSI13 | Fort Worth, TX 83 80 96 %
DLTX | Dallas, TX 83 78 94 %
JUMX | Juarez, MX 73 62 85 %
RF-N | Rocky Flats, CO 12 12 100 %
WELBY | Denver, CO 36 35 97 %
Totals 655 601 92 %

Note: The monitoring stations at Bountiful, Newark, and Plainfield collected fewer than 10 SNMOC samples
according to site-specific schedules and are not included in this review of completeness.
Refer to Table 2-3 for a summary of the sampling schedules implemented at each station.
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Table §-5
Data Quality Parameters for SNMOC Measurements

Analytical Precision Sampling Precision

Compound RPD Number of RPD Number of
% QObservations Observations

n-Hexane

cis-2-Hexene

Isobutane

Note: The number of observations for analytical precision indicates the number of replicates in which the
compound was detected in both analyses; the number of observations for sampling precision indicates the
number of duplicates in which the compound was detected in the four analyses of the duplicate samples.
By definition, analytical precision and sampling precision cannot be evaluated for compounds with zero
observations, hence compounds with no observations show an RPD of “--."
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Table 5-5 (Continued)
Data Quality Parameters for SNMOC Measurements

Analytical Precision Sampling Precision
Compound RPD Number of RPD Number of
(%) Observations (%) Observations
Isobutene/1-Butene 16 148 15 62

Isoprene

3-Methylhexane

3-Methylpentane

4-Methyl-1-Pentene

Note:  The number of obscrvations for analytical precision indicates the number of replicates in which the
compound was detected in both analyses; the number of observations for sampling precision indicates the
number of duplicates in which the compound was detected in the four analyses of the duplicate samples.
By definition, analytical precision and sampling precision cannot be evaluated for compounds with zero
observations, hence compounds with no observations show an RPD of “——.”
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Table 5-5 (Continued)
Data Quality Parameters for SNMOC Measurements

Analytical Precision Sampling Precision
Compound RPD Number of RPD Number of
(%) Observations (%) Observations
Toluene 7 66 11 75

Note: The number of observations for analytical precision indicates the number of replicates in which the
compound was detected in both analyses; the number of observations for sampling precision indicates the
number of duplicates in which the compound was detected in the four analyses of the duplicate samples.
By definition, analytical precision and sampling precision cannot be evaluated for compounds with zero
observations, hence compounds with no observations show an RPD of “---"
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6.0 Ahalysis of VOC Monitoring Results
This section summarizes the VOC ambient air monitoring data collected during the 1996
NMOC/SNMOC program. These VOC data are useful for evaluating ambient levels of

~ halogenated hydrocarbons—a group of compounds that participates in photochemical reactions

and that cannot be identified by the other SNMOC sampling and analytical methods. As noted in
Section 2 of this report, only seven of the 1996 SNMOC stations monitored ambient levels of
VOCs, and these stations each collected between five and ten VOC samples. Because this limited
number of samples may bias a detailed statistical analysis, this section presents only a general
overview of the VOC monitoring results and briefly discusses notable spatial variations. Trends

or patterns indicated by these results, however, should be interpreted with caution until more

extensive monitoring efforts can verify their validity.

6.1 Data Summary Tables
Using the data summary parameters discussed in Section 3.1, Tables 6-1 through 6-7
summarize the monitoring results for the seven stations that measured VOCs. These tables

suggest several noteworthy trends:

. Prevalence. Table 6-8 provides an overview of the prevalence of VOCs during the
NMOC/SNMOC program and indicates that the following VOCs were present in
over 50 percent of the samples collected at more than half the monitoring stations:

Acetylene p-Dichlorobenzene Tetrachloroethylene
Benzene Ethylbenzene Toluene
1,3-Butadiene Methylene chloride 1,1,1-Trichlorocthane
Carbon tetrachloride n-Octane m,p-Xylene
Chloroform Propylenc ' o-Xylene
Chloromethane Styrenc

These compounds, therefore, are more prevalent in the ambient air surrounding the
seven VOC monitoring stations than the other VOCs shown in Table 6-8. Because
some compounds may be extremely reactive at levels below their detection limits,
the prevalence summary should not be the only parameter considered when
determining compounds of concern for ozone control strategies.



. Concentration range. The concentration ranges in Tables 6-1 through 6-7 indicate
that only acetylene, propylene, styrene, toluene, and m,p-xylene have
concentrations exceeding 5 ppbv at one or more monitoring stations. Figure 4-7,
however, shows that the magnitude of air pollution varies significantly from one
day to the next. With monitoring stations collecting as few as five VOC samples,
it is very likely that the concentration ranges cited in the summary tables may
understate the actual highest concentrations or overstate the actual lowest
concentrations. Accordingly, these concentration ranges should be viewed only as
qualitative estimates of the span of ambient air concentrations.

. Central tendency. Table 6-9 summarizes the central tendency data for the seven
VOC monitoring stations. Of the 38 VOCs analyzed, 31 had geometric mean
‘concentrations less than 1 ppbv at every station. Only acetylene, benzene,
propylene, styrene, toluene, and m,p-xylene had geometric mean concentrations
greater than 1 ppbv at one or more of the monitoring stations. Noting that most
monitoring stations collected VOC samples roughly once every other week and
that other EPA monitoring programs rely on biweekly sampling schedules to
characterize ambient air quality (ERG, 1997), the geometric means for VOCs are
not expected to be biased significantly by limited sample size.

. Variability. The coefficients of variation for most compounds were less than one
at every monitoring station, suggesting that none of the VOCs exhibit significantly
greater variability than any of the others.

To elaborate on trends and patterns indicated by the VOC summary tables, the following
sections analyze spatial variations and data quality parameters in the VOC monitoring data. These
analyses provide additional context for understanding the summary statistics shown in Tables 6-1

through 6-9.

6.2 Spatial Variations

By analyzing trends in emission inventories and identifying correlations among
concentrations of selected VOCs, the following paragraphs indicate how the magnitude and
composition of VOCs in air pollution vary among the seven stations that monitored ambient levels

of VOCs.
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6.2.1 Impact of Industrial Emission Sources

To assess how emissions from industrial sources affect ambient air concentrations, Table
6-10 compares geometric mean concentrations of selected VOCs to total air releases reported to
TRI by industrial facilities within 10 miles of the corresponding monitoring stations. This analysis
considers only those compounds that were detected in at least 75 percent of the VOC samples and
that are subject to the TRI reporting requirements. The 14 VOCs shown in Table 6-10 meet these
criteria. For ease of interpretation, Table 6-10 presents emissions and air quality data in order of

decreasing geometric mean concentration. These data indicate several notable trends:

. Failure of TRI data to explain spatial variations. Many VOCs have relatively
high ambient concentrations in regions with little or no corresponding industrial
emissions (e.g., styrene at the WELBY station), while many VOCs have relatively
low concentrations in regions with relatively high emissions (e.g., styrene at the
B3AL station). These discrepancies suggest that TRI data alone cannot
adequately explain why ambient levels of VOCs vary from one monitoring station
to the next and that additional factors must be considered when interpreting

“monitoring data for VOCs.

. Relatively higher concentrations at the Denver and Newark sites than at the
Alabama sites. With one notable exception (see the next bullet item), the
compounds shown in Table 6-10 consistently have higher air concentrations at the
sites near Denver (CAMP, WELBY) and Newark (NWNJ, P2NJ) than at the sites
near Birmingham (B1AL, B2AL, B3AL). To determine whether emissions from
nonindustrial sources might explain this trend, Table 6-11 summanzes NET
emissions data for these three metropolitan areas. Although the notably lower
VOC emissions in the vicinity of Birmingham may explain the corresponding lower
concentrations of VOCs, the emissions data cannot account for why ambient air
concentrations in the Denver area are comparable to those in the Newark area.
The close proximity of the Rocky Mountains to the Denver monitoring stations,
however, may explain why ambient air concentrations in Denver are relatively high
despite relatively low levels of emissions (refer to Section 4.2.3 for further
discussion of the impact of terrain features on ambient air quality).

. Higher concentrations of chloromethane at the Birmingham stations. As an
" important exception to the previous observation, ambient air concentrations of
chioromethane were generally higher at the Birmingham monitoring stations than
at the Denver and Newark stations, even though the TRI emissions data do not
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suggest significant sources of chloromethane in any of these areas. Sections 6.2.2
and 6.4 discuss this issue in further detail.

Although these analyses characterize spatial variations of selected VOCs observed at
seven monitoring stations, the findings must not be applied to all urban environments. For
example, the spatial variations suggest that ambient air concentrations of VOCs near Denver and
Newark are relatively higher than those near Birmingham, but make no comparisons to the air
quality in other urban areas. Therefore, further monitoring efforts are necessary to extend the
findings of this section to other urban settings.

622 Data Correlations

Correlation analyses help identify subtle trends in large volumes of data and are used here
to clarfy further how emission sources affect ambient air quality. Because the statistical
significance of correlation parameters decreases with decreasing number of observations, this
analysis does not examine site-specific correlations. Rather, this analysis considers the 51 VOC
samples collected during the 1996 NMOC/SNMOC program to determine how significantly the
composition of VOCs in air pollution varies among the seven monitoring stations. For this
analysis, Pearson correlation coefficients were calculated for only those compounds that were
detected in over 75 percent of the VOC samples, since non-detect results may bias correlations.
Table 6-12 summarizes the results of the correlation analysis. The following observations can be
drawn from Table 6-12;

. Strong correlations across all stations for certain hydrocarbons. Eighteen pairs
of compounds—all hydrocarbons—had statistically significant Pearson correlation
coefficients greater than 0.85 across three different urban areas (Birmingham,
Denver, and Newark). Therefore, ambient levels of these compounds likely
originate from emission sources common to all urban environments, such as
automobiles or combustion sources. Previous EPA monitoring efforts also have
identified significant correlations among several of the compound pairs shown in
Table 6-12 (ERG, 1997). It should be noted, however, that acetylene, a
compound typically associated with motor vehicle emissions (Sonoma, 1996), did
not have strong correlations with any other hydrocarbon.
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. Absence of strong correlations among halogenated hydrocarbons. Even though
~ the correlation analysis considered halogenated hydrocarbons, no strong
correlations were observed. The lack of correlations among halogenated
hydrocarbons or between hydrocarbons and halogenated hydrocarbons suggests
that ambient levels of these two classes of compounds may originate from
categories of emission sources unique to particular urban areas. Additional
analyses of larger volumes of monitoring data are necessary to confirm this trend.

. Consistently negative correlations between chloromethane and hydrocarbons.
Although the VOCs generally show weak to strong positive correlations with other
compounds, chloromethane shows weak, but statistically significant, negative
correlations with every hydrocarbon considered in this analysis. Stated differently,
ambient levels of chloromethane tend to be lower when ambient levels of
hydrocarbons are high, and vice versa. This observation is consistent with the
elevated levels of chloromethane near Birmingham, where levels of hydrocarbons
are relatively low (see Section 6.2.1). This negative correlation provides
compelling evidence that photochemical reactions involving hydrocarbons may
consume chloromethane, but further research is necessary to confirm this trend.

By considering air quality data from three different metropolitan areas, the correlation
analysis addresses underlying trends in air quality that may apply to a wider range of geographic
locations. Future monitoring efforts should consider similar correlation analyses to better

understand how the complex composition of air pollution affects the formation of ozone.

6.3  Data Quality Parameters

Using the approach outlined in Section 3.3.2, Table 6-13 summarizes how precisely the
sampling and analytical method for VOCs measures ambient air concentrations. During the 1996
program, seven VOC samples were collected in duplicate and then analyzed in replicate.

- Accordingly, the sampling precision and analytical precision data for VOCs are based on 7 and 14

observations, respectively. As with summaries of sampling and analytical precision performed for
other EPA monitoring efforts (ERG, 1997), the precision calculations exclude all non-detect

observations and therefore may consider fewer than the maximum number of observations.

The precision data in Table 6-13 indicate that, on éverage, the sampling and analytical

method for VOCs introduces less than 30 percent variability when measuring ambient air
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concentrations. This low variability suggests that field sampling teams and laboratory analysts
strictly followed method specifications to minimize influences of random sampling or analytical
errors. Accordingly, the monitoring data considered throughout this section are assumed to be of
very high quality. '

6.4 Summary

Although the composition of VOCs in air pollution naturally varies from one location to
the next, the seven stations that measured VOCs during the 1996 NMOC/SNMOC program
consistently measured acetylene, propylene, and toluene at levels greater than 1 ppbv. Further, 10
other VOCs were detected in over 75 percent of the samples collected at all seven stations.
Additional similarities between these sites were identified by a correlation analysis, which
suggested that many hydrocarbons exhibit strong positive correlations across all monitoring
locations and that ambient levels of chloromethane tend to decrease as ambient levels of
hydrocarbons increase. These observations provide compelling evidence that emission sources
common to all urban environments contribute to elevated levels of certain hydrocarbons and that
these hydrocarbons may consume chloromethane in photochemical reactions. As noted
throughout this report, these trends can be explained only by considering a wide range of factors
known to affect ambient air quality, such as emission sources, local meteorology, and nearby

terrain.
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Table 6-8
Summary of Prevalence of VOCs

Compound

Bromomethane

Chloroethane

o-Dichlorobenzene

Number of Monitoring Stations With Prevalence in the Listed Range

<25 % >25 %, <50 % | >50%; <75 % 75 %

2-Dichloroethylene

‘fé&é;éhloroethyleue

m,p-Xylene

Note: Seven monitoring stations collected VOC samples.
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Table 6-9
Summary of VOC Geometric Mean Concentrations

Number of Monitoring Stations With Geometric
Compound Mean Concentrations in Listed Range

h <1 ppbv z1 ppbv; <2 ppbv I 2p

Bromomethane

Chlorocthane

o-Dichlorobenzene

trans-1,2-Dichloroethylene

Tetrachloroethylene

25 ppbv

Note: Seven monitoring stations collected VOC samples.
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Table 6-10
Comparison of Geometric Mean Concentrations of Selected VOCs With Total Air
Releases Reported by Facilities Within a 10-Mile Radius of NMOC/SNMOC Monitoring Stations

Station Geometric Mean Total Air Station Geometric Mean Total Air
Code Concentration (ppbv) | Releases (Ibs Code Concentration (ppbv

Chloromethane 1,4-Dichlorobenzene

Station Geometric Mean Total Air Station Geometric Mean Total Air
Code Concentration (ppbv) | Releases (Ibs Code Concentration (ppbv) | Releases (Ibs

|| Ethylbenzene | ' Methylene Chloride

Station Geometric Mean Total Air Station Geometric Mean Total Air
Code Concentration (ppbv) | Releases (lbs Code Concentration (ppbv Releases (lbs
68 £0

Note:  For ease of interpretation, the data for each compound are presented in order of decreasing geometric

mean concentration.
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Table 6-10 (Continued)

Comparison of Geometric Mean Concentrations of Selected VOCs With Total Air
Releases Reported by Facilities Within a 10-Mile Radius of NMOC/SNMOC Monitoring Stations

Code Concentration (ppbv

Tetrachloroethylene

Toluene

Propylene I Styrene
Station Geometric Mean Total Air Station - Geometric Mean Total Air
Releases (Ibs Code Concentration (ppbv) | Releases (Ibs

Geometric Mean
Concentration (ppbv

| : 1,1,1-Trichlorocthane || Xylene (Mixed Isomers)

Geometric Mean
Concentration (ppbv

Total Air

Releases (Ibs

-

Geometric Mean
Concentration (ppbv

Station
Code

Note:
mean concenitration.

Total Air
Releases (lbs

Station
Code
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Geometric Mean
Concentration (ppbv

Releases (Ibs

Total Air

639,747

For ease of interpretation, the data for each compound are presented in order of decreasing geometric



Table 6-11

Summary of NET Emissions Data for the VOC Monitoring Locations

Total VOC Emissions (tons/year) by Metropolitan Area I

NET Emissions Category Birmingham Denver Newark
Area Sources 44532 75,310 124,137
Mobile Sources 42313 49201 95,715 -
Point Sources 7,486 16,158 46,644
All Sources Combined 94,331 140,669 266,496

Note:  As described in Section 4.2.1, the NET emissions data considered in this report are the sum of all
emissions reported for counties with boundaries that intersect a 15-mile radius drawn around a particular

metropolitan area.
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Table 6-12
Pairs of Compounds With Pearson Correlation Coefficients Greater Than 0.85
(Based on 51 VOC Samples) _
|| _ Compounds : | Pearson Correlation Coefficient I
m,p-Xylene 0-Xylene 0.99
m,p-Xylene Ethylbenzene 0.98
o0-Xylene Ethylbenzene 0.96
Benzene 1,3-Butadiene 0.92
Benzenc o-Xylene 0.89
n-Octane Toluene 0.89
n-Octane  m,p-Xylene 0.89
n-Octane o-Xylene 0.89
Ethylbenzene Propylene 0.89
Benzene n-Octane 0.87
1,3-Butadiene o0-Xylene 0.87
m,p-Xylene n-Octane 0.87
Benzene m,p-Xylene 0.86
1,3-Butadiene n-Octane 0.86
Propylene n-Octane 0.86
Propylene m, p-Xyleﬁe 0.86
1,3-Butadiene Toluene 0.85
1,3-Butadiene m,p-Xylene 0.85
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Table 6-13
Data Quality Parameters for VOC Measurements

Analytical Precision Sampling Precision "

Compound Relative Percent | Numberof | Relative Percent | Number of

Difference Observations Difference QObservations

Bromodichloromethane

Chloroethane

Chloromethane

1,1-Dichloroethane

Trichloroethylene

Note: The number of observations for analytical precision indicates the number of replicates in which the
compound was detected in both analyses; the number of observations for sampling precision indicates the
number of duplicates in which the compound was detected in the four analyses of the duplicate samples.
By definition, analytical precision and sampling precision cannot be evaluated for compounds with zero
observations, hence compounds with no observations show an RPD of “~.”
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7.0  Analysis of Carbonyl Monitoring Results .

This section summarizes the carbonyl monitoring data collected during the 1996
NMOC/SNMOC program. The carbonyl sampling and analytical method currently measures
concentrations of 15 aldehydes and one ketone (acetone). These compounds all participate, to a
certain extent, in the complex series of photochemical reactions that produce ozone. Although a
detailed review of atmospheric chemistry is beyond the scope of this work, the following analyses
examine the carbonyl monitoring data and identify notable trends that may help researchers better
understand how ambient levels of carbonyls affect air quality. Because most of the monitoring
stations collected fewer than 12 carbonyl samples, however, this limited sample size may bias a
detailed statistical analysis of the monitoring data, as was performed in Section 5 for the SNMOC
samples. Accordingly, this section focuses on general summary parameters and significant spatial
variations. All conclusions should be interpreted with caution until confirmed by more

comprehensive monitoring efforts.

7.1 Data Summary Tables _
Using the data summary parameters discussed in Section 3.1, Tables 7-1 through 7-8
summarize the monitoring results for the eight stations that measured carbonyls and indicate

several trends consistent across every station:

. Prevalence. As shown in Table 7-9, which summarizes the prevalence and
geometric mean concentrations of carbonyls, acetaldehyde, acetone, formaldehyde,
and hexanaldehyde were detected in more than 75 percent of the samples at all
stations, while isovaleraldehyde was detected in less than 25 percent of the samples
at these stations. The other carbonyl species were prevalent between 25 and 75
percent.

. Concentration range. Even though limited sample size may prevent the
concentration ranges of carbonyls from accurately characterizing the actual span of
ambient air concentrations, the ranges shown in Tables 7-1 through 7-8 have
several factors in common: acetaldehyde was detected at concentrations greater
than 35 ppbv at seven of the eight stations; concentrations of acetone and
formaldehyde consistently exceeded 5 ppbv; and, as discussed in greater detail in
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Section 7.2. 1, the Cape Elizabeth monitoring station had the lowest concentrations
of carbonyls.

. Central tendency. As a measure of central tendency, Table 7-9 summarizes
geometric mean concentrations for the carbonyls. With three exceptions,
carbonyls have geometric mean concentrations less than 1 ppbv at every
monijtoring station. Acetone and formaldehyde have geometric mean
concentrations greater than 2 ppbv at most stations, and acetaldehyde consistently
has geometric mean concentrations greater than 5 ppbv.

e Variability. The coefficients of variation for carbonyls are all between 0 and 2, but
nearly 90 percent of the coefficients of variation are less than 1. No compound
consistently exhibits significantly greater variability than any of the others.

To supplement these general observations, the following sections evaluate spatial
variations to identify additional trends in the carbonyl monitoring results and present data quality

parameters to characterize the precision of the ambient air monitoring data.

7.2  Spatial Variations

To explain why ambient air concentrations of carbonyls vary from one monitoring location
to the next, the following analyses use emission inventory data and correlation analyses to identify
which emission sources most influence the composition and magnitude of carbonyls in air

pollution.

7.2.1 Impact of Emission Sources

Using the same chemical selection criteria as in Section 6.2.1, Table 7-10 compares
‘geometric mean concentrations for selected carbonyls to total air releases reported to TRI by
industrial facilities. The table considers only those carbonyls that were detected in a majority of
samples and that are subject to the TRI reporting requirements. For ease of interpretation, the
data for each combound in Table 7-10 are presented in order of decreasing geometric mean
concentration. In addition to showing that geometric mean concentrations of carbonyls vary
significantly among the eight monitoring stations, Table 7-10 indicates additional notable

observations:

7-2
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) Absence of correlations between TRI emissions data and ambient air
concentrations of carbonyls. Even though the geometric mean concentrations of
carbonyls shown in Table 7-10 vary significantly across the eight monitoring
stations, the TRI emissions data do not exhibit as pronounced variability and thus
fail to explain why some stations have consistently higher concentrations than
others. As an example, facilities in the immediate vicinity of the WELBY and
MNE monitoring stations report less than 100 pounds of formaldehyde releases to
TRI, yet the ambient concentrations of formaldehyde at these stations differ by an
order of magnitude. Provided industrial facilities submit accurate emission
estimates to TRI, Table 7-10 suggests that emissions from industrial facilities that
meet the TRI reporting requirements do not account for the elevated levels of
carbonyls found in ambient air—a hypothesis suggested by other EPA monitoring
efforts (ERG, 1997).

. Significantly higher geometric mean concentrations at the WELBY station. Table
7-10 indicates that geometric mean concentrations of carbonyls measured at the
WELBY monitoring station are significantly greater than those measured at the
seven other monitoring stations, despite the virtual absence of air releases of
carbonyls reported to TRI for the Denver area. The following paragraphs apply
factors other than TRI emissions data to explain this trend.

. Significantly lower geometric mean concentrations at the MNE station. In
" addition to the relatively higher concentrations near Denver, Table 7-10 clearly

shows consistently lower geometric mean concentrations of carbonyls measured at
the Cape Elizabeth, Maine (MNE) monitoring station. As shown in Figure 7-1, the
MNE monitoring station is located at the tip of a peninsula along the Atlantic
seaboard, far removed from industrial sources meeting the TRI reporting
requirements. Further, as the windrose in Figure 7-2 indicates, winds in the
vicinity of the monitoring station blow primarily from the south and the east, with
a smaller fraction of winds blowing from onshore. Although these factors may
explain the relatively lower geometric mean concentrations, the following analysis
examines potential impacts from other emission sources.

As noted in Section 3.2.1.1, the NET inventory data consider not only emission sources:
subject to the TRI reporting requirements, but also motor vehicles, natural emission sources, and
a wider range of industrial emission sources. Accordingly, even though the NET data do not
report air releases of specific compounds, they may account for air quality trends that the TRI
data cannot explain. The NET inventory data shown in Table 7-11 for the four metropolitan areas

with carbonyl monitoring stations indicate two significant findings. First, overall VOC emissions
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in the vicinity of the Cape Elizabeth monitoring station are substantially lower than those in the
vicinity of the other three metropolitan areas, probably explaining the relatively low
concentrations of carbonyls measured in Maine, Sebond, overall VOC emissions in the vicinity of
the Denver monitoring stations are notably lower than those reported in the vicinity of the Dallas
and Newark stations, even though the Denver stations (particularly WELBY) have relatively high
concentrations of carbonyls. As discussed in greater detail in Sections 4.2.3 and 6.2.1, the close
proximity of the Rocky Mountains to the Denver monitoring stations may explain this apparent
contradiction.

Even though the NET emissions data indicate some correlation between higher emissions
of VOCs and elevated ambient air concentrations of carbonyls, these data do not indicate whether
carbonyls in ambient air originate from emissions of carbonyls directly to the atmosphere or from
products of photochemical reactions involving other VOCs that are emitted to the atmosphere.
Statistical analyses of more extensive carbonyl monitoring efforts might resolve this important

distinction.

7.2.2 Data Correlations

Using the same approach outlined in Section 6.2.2, a correlation analysis was performed
on the eight carbonyls most prevalent in the ambient air surrounding the eight monitoring stations
that collected carbonyl samples. Because the limited number of samples collected at each
monitoring station precludes a site-specific analysis, correlations were calculated among all 86
carbonyl samples collected during the 1996 NMOC/SNMOC program. Accordingly, correlations
indicated by these samples should suggest air quality trends common to the four geographic
regions (Dallas, Denver, Newark, and Portland) that measured carbonyls.

Table 7-12 shows that of the 28 possible pairs of carbonyls, 7 had positive Pearson
correlation coefficients greater than 0.70, a strong correlation level across the four different urban
areas. The remaining pairs of carbonyls had significantly weaker, but generally positive,

correlations. Although statistically significant, the correlations among the carbonyls are generally

7-4
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not as strong (e.g., do not have as high Pearson correlation coefficients) as those for VOCs.
These weaker correlations suggest that the highly correlated VOCs are more likely than carbonyls
to originate from emission sources common to most urban environments, Additional analyses
involving more extensive monitoring data or considering correlations between carbonyls and

hydrocarbons are necessary to confirm this hypothesis.

7.3  Data Quality Parameters

Using the approach outlined in Section 3.3.2, Table 7-13 summarizes how precisely the
sampling and analytical method for carbonyls measures ambient air concentrations. During the
1996 NMOC/SNMOC program, 7 d1:|plicate carbonyl samples were collected and analyzed in
replicate, providing a maximum of 7 observations for evaluating sampling precision and a
maximum of 14 observations for estimating analytical precision. Following standard convention,
non-detect results were not considered in the precision calculations. For compounds not detected
in every duplicate sample or replicate analysis, therefore, the number of observations used to

estimate precision is less than the corresponding maximum number of observations.

As shown in Table 7-13, the carbonyl sampling and analytical method used in this progfa:ﬁ
quantifies concentrations to a high level of precision: replicate analyses of carbonyl samples
generally result in concentrations that differ by less than 35 percent, and analyses of duplicate

 samples introduce variability of less than 55 percent. For reference, the carbonyl sampling and

analytical method notes that analytical precision can vary up to 25 percent when measuring
ambient air concentrations according to the method specifications (USEPA, 1984b), but the
method does not indicate reasonable bounds for sampling precision. The analytical precision
estimates shown in Table 7-13 generally meet this data quality guideline, which suggests that the
laboratory analysts strictly followed the analytical procedures necessary for quantifying

concentrations of carbonyls precisely and accurately.
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7.4  Summary

Despite highly variable levels of carbonyls at the eight different monitoring stations,
acetaldehyde, acetone, and formaldehyde were consistently observed at levels higher than the 13
other carbonyls identified by the sampling and analyticél method. Although neither TRI emissions
data nor statistical correlation analyses can explain the source of ihese carbonyls in ambient air,
the NET emissions data suggest that ambient levels of carbonyls tend to be higher in regions with
relatively high levels of overall VOC emissions. Because the NET inventory does not indicate
emissions of specific compounds, the data are insufficient for determining whether carbonyls in
ambient air originate primarily from emissions of carbonyls or from photochemical reactions
involving hydrocarbons. This important issue may be resolved by considering more detailed
emission inventories or examining correlations between large volumes of carbonyl and

hydrocarbon monitoring data.
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Figure 7-1
Facilities in the Vicinity of the Cape Elizabeth, Maine (MNE) Monitoring Station
That Reported Air Releases of VOCs or Carbonyls to TRI

/ . 10-mile radius

/ L =mTTTTTES ~ -

| ol
P il’ortland, ME
4 " Meteorological Station

Cumberland County

Key: |
W Meteorological station
Y Monitoring station

York County

~— County boundary
O City
- US Interstate
TRI Release Categories: < Aromatics A Olefins ¥ Paraffins
O Carbonyls 4 Chlorinated Aromatics A Chlorinated Olefins 'V Halopenated Paraffins
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Figure 7-2
Windrose Generated From Meteorological Data Collected
During the Summer of 1996 at the Portland International Airport
(near the Cape Elizabeth Monitoring Station)

CALM WINDS 19.43% - WIND SPEED (KNOTS)

NOTE: Frequencies . 11-16 17-21 L2
indim}e direction g

from which the

wind is blowing.

Source: Data provided by the National Climatic Data Center.
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Table 7-11

Summary of NET Emissions Datsd for the Carbonyl Monitoring Locations

|

NET Emissions
Category

Total VOC Emissions (tons/year) by Metropolitan Area

Dallas
(CAMSS,
CAMSI13,

Denver
(CAMP,
WELBY)

Newark

(NWNTJ,
P2NT)

Portland, ME
(MNE)

DLTX)
——r————_'_——__ ‘

Area Sources 101,541 75,310 124,137 16,838
Mobile Sources 110,898 49,201 95,715 12,519
Point Sources 9,951 16,158 46,644 3,491

All Sources Combined 222,390 140,669 266,496 32,848

Note: As described in Section 4.2.1, the NET emissions data considered in this report are the sum of all

emissions reported for counties with boundaries that intersect a 15-mile radius drawn around a particular
metropolitan area.
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Table 7-12
Pairs of Carbonyls With Pearson Correlation Coefficients Greater Than 0.70
(Based on 86 Carbonyl Samples)

Pearson Correlation

Compounds ‘ Cocfficient

Formaldehyde Hexanaldehyde 0.83

Acetone | Butyr/Isobutyraldehyde - | 0.82
Hexanaldehyde Propionaldehyde 0.79
Formaldehyde Acetone 0.75
Formaldehyde _ Propionaldehyde 0.74
Benzaldehyde ' Propionaldehyde 0.73
I*‘ormaldehyd(_e_= Butyr/Isobutyraldehyde 0.72
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Table 7-13
Data Quality Parameters for Carbonyl Measurements
Analytical Precision Sampling Precision
R0 | Grons | | Guamerns
Acetaldehyde 3% - 14 54 % 7
Acetone 5% 14 37% : 7
Acrolein 35% 6 55% 1
Benzaldehyde 12% 6 55 % 3
Butyr/Isobutyraldehyde 9% 14 20 % 3
Crotonaldehyde 12% 12 34 % 6
2,5-Dimethylbenzaldehyde -— 0 -— 0
Formaldehyde 3% 14 20% 7
Hexanaldehyde 19 % 14 20% 5
Isovaleraldehyde 2% 2 - 0
Propionaldehyde 14 % 14 26 % 7
Tolualdehydes 28 % 2 35% 1
Valeraldehyde 20 % 10 45 % 4

RPD = relative percent difference (see Section 3.3.2)

Notes: The number of observations for analytical precision indicates the number of replicate analyses in which
the compound was detected; the number of observations for sampling precision indicates the number of
duplicate samples in which the compound was detected. By definition, analytical precision and sampling
precision cannot be evaluated for compounds with zero observations; these compounds have an RPD of
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8.0  Conclusions and Recommendations

Results of the NMOC/SNMOC ambient air monitoring program offer insight into the
magnitude and composition of air pbllution known to form ozone. The following discussion
summarizes the main conclusions of this report and recommends how the NMOC/SNMOC

monitoring program can be modified to characterize ambient air quality more thoroughly.

8.1  Conclusions

Although the presence of hydrocarbons in ambient air contributes to ozone formation
processes, many additional factors (such as solar radiation and ambient levels of nitrogen oxides)
also influence the complex series of photochemical reactions that produce ozone. Accordingly,
the NMOC and SNMOC monitoring data do not provide enough information to fully characterize
air pollution. Nonetheless, they suggest notable trends and patterns in ambient air quality that
may have direct relevance to air pollution control strategies:

. NMOC monitoring data (Section 4). Ambient air concentrations of total NMOC
measured during the summer of 1996 ranged from 0.069 ppmC to 1.723 ppmC.
Geometric mean concentrations of NMOC did not vary significantly at the
Bountiful, Utah (0.399 ppmC), Newark (0.389 ppmC), and Plainfield (0.410
ppmC) monitoring stations, but were notably lower at the Long Island (0.290
ppmC) monitoring station. High levels of emissions in the Newark metropolitan
area were believed to account for the relatively high concentrations at Newark and
Plainfield, and the close proximity of the Rocky Mountains may have resulted in
the relatively high concentrations at Bountiful. The absence of significant nearby
emission sources and prevailing winds blowing from the Atlantic Ocean may have
accounted for the lower concentrations observed at Long Island. Statistical
analyses found NMOC concentrations at Newark and Plainfield to be highly
correlated, suggesting that air pollution from Newark may transport to Plainfield,
and vice versa. Qualitative review of nearly 10 years of ambient air monitoring
data indicate slight decreases in NMOC levels at Newark, but no apparent
long-term trends at Plainfield or Long Island.

. SNMOC monitoring data (Section 5). Ambient air concentrations of 80
hydrocarbons varied significantly among the 13 monitoring stations that collected
SNMOC samples. Toluene, acetylene/ethane, isopentane, propane, and »-butane
were consistently measured at higher levels (on a ppbC basis) than the other
compounds. In general, ambient levels of SNMOCs were relatively higher in the
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Denver, Juarez, and Newark metropolitan areas; moderately high in the Dallas and
Salt Lake City metropolitan areas; and relatively lower in the Birmingham
metropolitan area. These spatial variations were more consistent with NET
emission inventory data (which account for industrial, mobile, and natural sources)
than with TRI emission inventory data (which account for only selected industrial
sources), suggesting that mobile sources may produce a significant fraction of the
SNMOCs detected in ambient air. The similarity of BTEX concentration profiles
indicated by the SNMOC monitoring data to BTEX concentration profiles
detected in previous roadside monitoring efforts supports the hypothesis that
significant amounts of hydrocarbons in ambient air originate from motor vehicle
emissions. Average compositions of isoprene, a compound typically used as a
marker for emissions from natural sources, were generally below 1 percent at the
SNMOC monitoring locations, indicating that natural emission sources have
relatively minor impacts on ambient air concentrations measured at these locations
between 6:00 and 9:00 AM.

Statistical analyses of the SNMOC monitoring data identified several subtle
patterns in the air pollution measurements. For instance, ambient air
concentrations of ethylbenzene, xylene isomers, and other aromatic compounds
exhibited strong, positive correlations across all the monitoring stations, possibly
indicating that these compounds originate from emission sources common to most
urban environments (such as motor vehicles). Further, concentrations of isoprene
had moderate correlations with pinene isomers, 2-methyl-1-pentene, cyclopentene,
and 1-decene, suggesting that natural emission sources contribute significantly to
ambient levels of these compounds. Correlation analyses with daily average
temperature indicated that ambient air concentrations of hydrocarbons at most
monitoring stations decreased as temperature increased, but this trend was not
observed at two monitoring stations. Further research is necessary to understand
the significance of these temperature correlations. Of the SNMOC compounds,
ambient levels of isoprene measured at every monitoring station showed moderate
to strong positive correlations with temperature, a trend consistent with emission
models published in the scientific literature.

Reactivity of hydrocarbons in ambient air was qualitatively analyzed by considering
the age and ozone formation potential of the air masses sampled at the SNMOC
monitoring stations. Relative compositions of selected aromatic hydrocarbons
indicated that air samples collected on the outskirts of metropolitan areas appeared
to be “older” (e.g., transported over longer distances) than air samples collected in
urban centers. Further analyses suggest that highly reactive compounds with
relatively low ambient air concentrations, such as propylene and 1,2,4-
trimethylbenzene, exhibit a stronger potential to form ozone than less reactive
compounds with relatively high ambient air concentrations, such as isopentane and
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propane. Additional research is necessary to determine how these observations
apply to urban centers not considered during the 1996 program.

VOC monitoring data (Section 6). Seven monitoring stations each collected
between 5 and 10 VOC samples. Although the limited sampling precluded a
sophisticated statistical analysis, several trends were apparent in the VOC
monitoring data. For example, of the 38 compounds identified by the VOC
analytical methods, only acetylene, benzene, propylene, styrene, toluene, and
m,p-xylene had geometric mean concentrations greater than 1 ppbv at one or more
of the monitoring stations. Further, air concentrations of most VOCs were
relatively higher in the Denver and Newark metropolitan areas than in the
Birmingham metropolitan area. As a notable exception, chloromethane was
consistently present at higher levels in Birmingham, Further examination revealed
that chloromethane showed statistically significant negative correlations with most
hydrocarbons, which means that ambient levels of chloromethane tend to be lower
when ambient levels of hydrocarbons increase. This unique negative correlation
may provide insight into the role of particular compounds in complex
photochemical reactions. Statistical analyses for the remaining compounds
indicated relatively strong correlations among aromatic hydrocarbons (consistent
with findings from the SNMOC data) and notably weaker correlations among
halogenated hydrocarbons. This distinction suggests that ambient levels of
hydrocarbons may originate from emission sources common to all urban
environments, while ambient levels of halogenated compounds may originate from
site-specific emission sources. Further research is necessary to confirm this
interpretation.

Carbonyl monitoring data (Section 7). Eight monitoring stations each collected
between 7 and 20 carbonyl samples. This limited number of sampling events
precluded detailed statistical analyses of the carbonyl monitoring data; however,
the monitoring results yielded several important findings. For instance, of the 15
carbonyls identified by the analytical method, only acetaldehyde, acetone, and
formaldehyde had geometric mean concentrations greater than 2 ppbv at most of
the monitoring stations. Ambient levels of most carbonyls were highest at the
WELBY monitoring station in Denver and were relatively high at the Newark and
Dallas monitoring stations. At the station in Cape Elizabeth, Maine, however,
ambient air concentrations of carbonyls were consistently over an order of
magnitude lower than those observed at the WELBY monitoring station.
Emissions of carbonyls loaded in the 1994 TRI database were completely
uncorrelated with observed spatial variations in air quality, suggesting that
emissions of carbonyls from industrial facilities account for a very small fraction of
the carbonyls in ambient air. More extensive analyses of emissions inventory and
air monitoring data are necessary to determine the primary source of carbonyls in
ambient air,
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Data quality pax:ameters for all four sets of ambient air monitoring data indicate that
sampling precision and analytical precision were within bounds typically recommended by the
corresponding sampling and analytical methods and that over 90 percent of the scheduled
sampling events were successfully executed. The low precision numbers and high completeness
figures suggest that field sampling and laboratory analytical efforts were performed according to
method specifications and that the corresponding monitoring data are of very high quality.

8.2 Recommendations _
~ The 1996 NMOC/SNMOC monitoring data lead to a number of recommendations for

future national ambient air monitoring efforts:

. Develop standard conventions for interpreting air monitoring data. The lack of
consistent approaches to presenting and summarizing ambient air monitoring data
makes comparisons between different air monitoring studies extremely difficult.
For instance, monitoring studies may use different approaches to calculating
central tendencies, treating non-detects, or considering duplicate samples. This
diversity of approaches can complicate efforts to compare monitoring data from
one study to the next. Accordingly, the feasibility of establishing standard
approaches for analyzing and reporting air monitoring data should be investigated
further.

. Establish the combined SNMOC/VOC analytical method as the program norm.
To make best use of whole air canister samples, combined analysis of the 80
SNMOC and 38 VOC target compounds should be conducted on every sample.
This combined analytical technique was evaluated for the 1997 NMOC/SNMOC
program; providing sponsoring agencies much more extensive monitoring data
with only marginal increases in program costs. The effects of this revision will be
demonstrated in summary reports for subsequent NMOC/SNMOC programs.

’ Encourage continued participation in the NMOC/SNMOC program. Although
NMOC and SNMOC monitoring data thoroughly characterize ambient air quality
during the summer months, state and local agencies can assess long-term trends in
levels of air pollution only through continued participation in similar ambient air
monitoring efforts. Because long-term trends can indicate the effectiveness of
pollution control strategies and suggest whether air quality is improving or
degrading, sponsoring agencies are encouraged to develop thorough monitoring
programs or to continue participating in NMOC/SNMOC monitoring efforts.
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Revise sampling schedules to generate more useful monitoring data. Although
the current sampling schedules for the NMOC/SNMOC program generate
monitoring data that are used as a critical input to regional air quality models,
slight revisions to the monitoring schedules can provide greater insight into the
nature and magnitude of air pollution that forms ozone. For example, weekend
sampling would indicate how levels of air pollution change on days without
commuter traffic. Further, a sampling option to periodically collect samples
throughout a day (in addition to the sampling from 6:00 to 9:00 AM) would reveal
significant diurnal profiles in contaminants of concern, most notably compounds
originating from motor vehicle and natural emission sources. Such minor
modifications to monitoring schedules can help state and local environmental
agencies better understand how specific emission sources affect air quality.
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