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Abstract

From the Speciated NMOC analysis, the paraffins and aromatic compounds occurred
more frequently than the olefins. Toluene, 1,2,3-trimethylbenzene, and isopentane were detected
in all 254 Speciated NMOC samples. For the UATMP VOC analysis, the nonhalogenated
compounds occurred more frequently than the halogenated compounds. 1,1,1-Trichloroethane
and carbon tetrachloride were the only halogenated compounds detected in all 43 samples. For
the carbonyl analysis, formaldehyde, acetaldehyde, acetone, and hexaldehyde were detected in all
41 analyzed samples.

Of the total NMOC measured by the Speciated NMOC method, an average of 78% is
speciated by the GC/FID method. Of the Speciated NMOC, on average, 58% are paraffins, 23%
are aromatic compounds, and 19% are olefins. Isopentane, propane, and ethane make up, on
average, 30% of the paraffins. Toluene accounted for 30%, on average, of the aromatic fraction.
Almost 30% of the olefin fraction is made up of ethylene and acetylene.

Temporal variations of the central tendencies of the data at a given site and between sites
were examined. Based on visual inspection of the plotted data, no apparent upward or downward
trends in the NMOC concentration was observed from 1988 through 1995. Downward trends
were observed for 1,1,1-trichloroethane. Upward trends were observed for acetaldehyde.

Distributional analysis of the data confirmed that the data was lognormally distributed as is
typical for environmental data. Completeness results for the 1995 program on a per site basis
ranged from 94 to 100% with an overall completeness of 96 percent. Equipment malfunction was
identified as the primary cause of missed samples.
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ABOUT THIS REPORT

This report documents the U. S. Environmental Protection Agency (EPA) 1995
Non-Methane Organic Compound (NMOC) and Speciated Non-Methane Organic Compound
(Speciated NMOC) monitoring programs. Begun in 1984, the NMOC sampling program is
designed to provide NMOC data for use in development of control strategies for ozone. . The
Speciated NMOC program was initiated in 1991 in response to requests by state agencies for

more detailed speciated hydrocarbon data for use in their ozone control strategies.

Measurements of NMOC and Speciated NMOC are critical inputs to the development of
ozone precursor emission control strategies. When started with 23 sites, the NMOC program was
designed to provide NMOC data for use in photochemical modeling using the U.S. EPA
Empirical Kinetic Modeling Approach (EKMA)/OZIPPM model.! As the need for more refined
modeling tools developed, the Speciated NMOC sampling program was initiated to provide the
speciated hydrocarbon data required for input to more advanced photochemical models such as

the Urban Airshed Model (UAM).?

This report documents the 1995 NMOC and Speciated NMOC monitoring programs,
including the base programs and optional monitoring performed for carbonyl and volatile organic
compounds (VOCs). Details of the technical monitoring procedures used for the 1995 programs
are identical to those used in the 1994 programs. The reader is directed to the 1994 final report

for the technical details of the monitoring programs.’

This report is organized into six major sections. Background and introductory information
are provided in Section 1.0 as well as a summary of the 10 sample site locations that participated
in the 1995 programs. Section 2.0 contains the distribution analysis of the ambient air data.
Program statistical results are summarized in Section 3.0. Geographical comparisons between the
five participating metropolitan areas are given in Section 4.0. Section 5.0 examines trends of the
data over time. Program completeness is covered in Section 6.0. References are provided in

Section 7.0. Appendix A contains AIRS site descriptions. Appendices B through E contain
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statistical summaties for the speciated NMOC base site data, speciated NMOC option site data,
UATMP VOC option data, and carbonyl option data.

1.0 BACKGROUND, INTRODUCTION AND 1995 SITE INFORMATION

1.1  Background and Introduction

In areas of the country where the National Ambient Air Quality Standard (NAAQS) for
ozone is exceeded, measurements of ambient total NMOCs and nitrogen oxides (NO,) are used by
the affected states in developing ozone precursor emission control strategies. To transfer
hydrocarbon sampling and analysis technology to interested state and local agencies, EPA
supports a centralized program that provides NMOC monitoring and analytical assistance to these
state and local agencies. This program, consisting of the NMOC and Speciated NMOC sampling
programs, was formerly operated through Radian Corporation but is now conducted through
Eastern Research Group, Inc. (ERG).

The NMOC program yields a éingle total NMOC measurement for the 3-hour period
6 a.m. to 9 a.m., Monday through Friday, for each sampling location. Because of the importance
of ambient VOC data for ozone control strategy development, some of the agencies participating
in the NMOC program requested in 1991 that hydrocarbon speciation analysis be included as part
of the NMOC program. Knowledge of the specific individual VOCs present in the ambient air is
required for inputs for the UAM? and other photochemical models, such as Carbon Bond Four
(CB4), necessary for forecasting the NMOC reductions needed to attain the NAAQS for ozone.
Consequently, in response to the agency requests, analysis for 78 individual hydrocarbon
compounds in the C, through C,, range was provided. This enhanced program was called the
Speciated NMOC program. The 78 compounds were collected as 3-hour canister samples from
6:00 to 9:00 a.m., Monday through Friday and analyze_a using gas chromatography with flame
ionization detection (GC/FID). The list of hydrocarbon compounds that were speciated in 1995 is

shown in Table 1-1.



Ethylene

Acetylene'

Ethane

Propyne

Isobutane

1-Butene

Isobutene
Propylene!
1,3-Butadiene’
n-Butane

Propane
trans-2-Butene
cis-2-Butene
3-Methyl-1-butene
Isopentane
1-Pentene
2-Methyl-1-butene
n-Pentane

Isoprene
trans-2-Pentene
cis-2-Pentene
2-Methyl-2-butene
2,2-Dimethylbutane
Cyclopentene
4-Methyl-1-pentene
Cyclopentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane
2-Methyl-1-pentene
1-Hexene
2-Ethyl-1-butene
n-Hexane
trans-2-Hexene
cis-2-Hexene
Methylcyclopentane

2,4-Dimethylpentane

Benzene'
Cyclohexane

Table 1-1

1995 Speciated NMOC Target Compounds

2 3-Dimethylpentane
2-Methylhexane
3-Methylhexane
2,2,4-Trimethylpentane

‘n-Heptane

Methyicyclohexane
1-Heptene
2,2,3-Trimethylpentane
2,3,4-Trimethylpentane
Toluene'
2-Methylheptane

. 3-Methylheptane

1-Octene

n-Octane’
Ethylbenzene'

m- and p-Xylene'
Styrene'

o-Xylene'

1-Nonene

n-Nonane
Isopropylbenzene
a-Pinene
n-Propylbenzene
m-Ethyltoluene
p-Ethyltoluene
1,3,5-Trimethylbenzene
o-Ethyltoluene

B-Pinene

1-Decene
1,2,4-Trimethylbenzene
n-Decane
1,2,3-Tnmethylbenzene
p-Diethylbenzene
1-Undecene
n-Undecane
1-Dodecene
n-Dodecane
1-Tridecene
n-Tridecane

'Compounds included in the UATMP VOC sample analysis
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In 1987, EPA , as part of the National Urban Air Toxics Monitoring Program (UATMP),*

developed an analytical method to support the needs for information concerning the levels of

specific chlorinated, brominated, aromatic, and olefinic VOC species in ambient air. The specific

analytical method currently uses a gas chromatography/mass selective detector with a flame

ionization detector (GC/MSD-FID) analysis to measure the concentration of the 38 selected VOC

compounds listed in Table 1-2 . The compounds m- and p-xylene coelute. These compounds are
referred to in this report as UATMP VOCs. ‘

Table 1-2

Speciated UATMP VOCs Sampled in the 1995 UATMP VOC Option to
the NMOC and Speciated NMOC Base Programs

—

s

Acetylene!

Propylene!
Chioromethane

Vinyl Chloride
1,3-Butadiene’
Bromomethane
Chloroethane
Methylene Chloride
trans-1,2-Dichloroethylene
1,1-Dichloroethane
Chloroprene
Bromochloromethane

Chloroform

—

1,2-Dichloroethane
1,1,1-Trichloroethane
Benzene!

Cari)on Tetrachloride
1,2-Dichloropropane
Bromodichloromethane
Trichloroethylene
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
1,1,2-Trichloroethane
Toluene'
Dibromochloromethane

_n-Octane’

Tetrachloroethylene
Chlorobenzene
Ethylbenzene'

m- and p-Xylene'
Bromoform

Styrene'
1,1,2,2-Tetrachloroethane
o-Xylene'
m-Dichlorobenzene’
p-Dichlorobenzene!

o-Dichlorobenzene’

'Compounds included in the Speciated NMOC sample analysis.

The UATMP was developed and implemented in 1987 following an EPA study entitled
“The Air Toxic Problem in the United States: An Analysis of Cancer Risks for Selected
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Pollutants,”® which was completed in May 1985. This study concluded that a high potential of

elevated individual lifetime risks was associated with certain VOC frequently found in urban areas.

The UATMP sampling and analysis method was incorporated into the 1987 NMOC
program as an option to the NMOC base sites. Additionally, monitoring for three carbonyl
compounds (formaldehyde, acetaldehyde, and acetone) was added as an‘option to the NMOC ‘
base program in 1990. All carbonyl sampling was perfdrmed using 2’,4-dinitrophenyl-hydraéine
(DNPH) coated silica gel cartridges. In 1991, the carbonyl target analyte list was revised to
encompass the 16 compounds shown in Table 1-3 (butyraldehyde coelutes with isobutyraldehyde,

and the m-, o-,' and p-tolualdehydes are reported together).

Table 1-3

Speciated Carbonyls Sampled in the 1995 Carbonyl Option to the NMOC
and Speciated NMOC Base Programs

Formaldehyde Propionaldehyde Valeraldehyde
Acetaldehyde Crotonaldehyde Benzaldehyde

Acrolein Butyraldehyde and Isobutyraldehyde m-, o-, and p-Tolualdehydes
Acetone Isovaleraldehyde Hexaldehyde

2,5-Dimethylbenzaldehyde

The NMOC and Speciated NMOC programs generally consist of several activities that

include:
. Site coordination;
. Equipment certification, installation, and operator training;
. Sample analysis;
. Data reduction, validation, and reporting,;
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. Statistical analyses and data characterization;
. Formatting and submittal of the validated data to the AIRS-AQS; and

. Post-sample collection activities, such as equipment recovery and refurbishment,
and canister cleanup and archive.

1.1.1 Summary of Technical Procedures ﬁnd Methods

The NMOC and Speciated NMOC program sample collection systems and procedures are
identical. Both UATMP VOC and Speciated NMOC option analyses are performed as
subsequent analyses on a single sample canister. Carbonyl option samples are collected on the

same schedule using a separate cartridge sample collection system.

Sample collection for the 1995 NMOC program occurred from 6 a.m. through 9 a.m. local
time, Monday through Friday, from June 5 through September 29, 1995 for the NMOC and
Speciated NMOC base sites. Samples were not collected on holidays or weekends. Historically,
the NMOC and Speciated NMOC sampling season begins in June and ends in September,
encompassing approximately 90 sampling days. In 1994, the previous program year, the sites

started sampling in July and continued through October 31, for a total of about 81 sampling days.

Sample analyses for NMOC were performed in accordance with the cryogenic
preconcentration direct flame ionization detection (PDFID) methodology described in
Compendium Method TO-12.% This methodology incorporates PDFID gas chromatography and
provides a total hydrocarbon measurement without speciation. In order to measure precision,
approximately 10% of the samples were collected in duplicate. Duplicate sample canisters were
analyzed in replicate, except where low pressure precluded a second analysis. Based on the 1984
through 1994 studies, the method was shown to be precise, accurate, and effective for indicating

the concentration level of total hydrocarbons in ambient air.

Sample analyses for Speciated NMOC base and option programs were performed

generally in accordance with the EPA’s “Research Protocol Method for Analysis of C, through
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C,, Hydrocarbons in Ambient Air by Gas Chromatography with Cryogenic Concentration.”” This
methodology incorporates the use of gas chromatography with dual capillary columns and FIDs.
Seventy-eight hydrocarbons are quantified during this analysis. Chlorinated and oxygenated
species are not identified using this procedure. Approximately 10% of the samples were collected
in duplicate. One-half of all duplicate pairs were analyzed in replicate. The 1995 minimum

detection limits are reported in Table 1-4.

The 3-hour UATMP VOC option program provides for subsequent UATMP VOC
analysis on nine of the samples collected for each of the participating NMOC and Speciated
NMOC base sites. Of the nine samples, one pair is a duplicate that is analyzed in replicate.
Sample analyses for the UATMP VOC option were performed using the same procedures as used
for the UATMP. The methodology employed is performed in accordance with Compendium
Method TO-14.® The 1995 minimum detection limits are reported in Table 1-5.

Sample analyses for the 3-hour carbonyl option were performed using the methodology
described in Compendium Method TO-11.° Approximately 10 carbonyl sample cartridges,
including a duplicate pair, were sent to each site for sample collection and analysis. A trip blank
was used to assess the potential for field contamination. The trip blank cartridge accompanied the
sample cartridges, but at no time was exposed to ambient air. One set of field duplicates from
each site was collected and analyzed in replicate to determine both the sampling and analytical

precision. The 1995 minimum detection limits are reported in Table 1-6.
1.1.2 Report Objectives

The primary objective of this report is to summarize the data collected during the 1995
NMOC program. This objective is accomplished through a statistical and distributional
description of the collected VOC samples. This informétion allows the ambient data collected
during the NMOC and Speciated NMOC programs to be compared to and placed in context with

monitoring data collected in prior years and in other sampling programs.
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Table 1-4

1995 Method Detection Limits for the Speciated NMOC Target Compounds

Detection Limit Detection Limit
Compound (ppbC) Compound (ppbc)
Ethylene 0.330° 2,3-Dimethylpentane 0.078
Acetylene! 0.330 * 2-Methylhexane 0.078
Ethane 0.330 3-Methylhexane 0.078
Propyne 0.330 2,2 4-Trimethylpentane 0.078
Isobutane 0.078° n-Heptane 0.078
1-Butene 0.078 Methylcyclohexane 0.078
Isobutene 0.078 1-Heptene 0.078
Propylene! 0.330 2,2,3-Trimethylpentane . 0.078
1,3-Butadiene’ 0.078 2,3,4-Trimethylpentane 0.078
n-Butane 0.078 Toluene' 0.078
Propane 0.330 2-Methylheptane 0.078
trans-2-Butene 0.078 3-Methylheptane 0.078
ci1s-2-Butene 0.078 1-Octene 0.078
3-Methyl-1-butene 0.078 n-Octane’' 0.078
Isopentane 0.078 Ethylbenzene' 0.078
1-Pentene 0.078 m- and p-Xylene' 0.078
2-Methyl-1-butene 0.078 Styrene! 0.078
n-Pentane 0.078 o-Xylene' 0.078
Isoprene 0.078 1-Nonene 0.078
trans-2-Pentene 0.078 n-Nonane 0.078
cis-2-Pentene 0.078 Isopropylbenzene 0.078
2-Methyl-2-butene 0.078 a-Pinene 0.078
2,2-Dimethylbutane 0.078 n-Propylbenzene 0.078
Cyclopentene 0.078 m-Ethyltoluene 0.078
4-Methyl-1-pentene 0.078 p-Ethyltoluene 0.078
Cyclopentane 0.078 1,3,5-Trimethylbenzene 0.078
2,3-Dimethylbutane 0.078 o-Ethyltoluene 0.078
2-Methylpentane 0.078 B-Pinene 0.078
3-Methylpentane 0.078 1-Decene 0.078
2-Methyl-1-pentene 0.078 1,2,4-Trimethylbenzene 0.078
1-Hexene 0.078 n-Decane 0.078
2-Ethyl-1-butene 0.078 1,2,3-Trimethylbenzene 0.078
n-Hexane 0.078 p-Diethylbenzene 0.078
trans-2-Hexene 0.078 1-Undecene 0.078
cis-2-Hexene 0.078 n-Undecane 0.078
Methylcyclopentane 0.078 1-Dodecene 0.078
2,4-Dimethylipentane 0.078 n-Dodecane 0.078
Benzene! 0.078 1-Tridecene 0.078
Cyclohexane 0.078 n-Tridecane 0.078

‘Compounds included in the UATMP VOC sample analysis. :
“Detection limit calculated based on the area reject of the data system and the response factor for propane.
*Detection limit calculated based on the area reject of the data system and the response factor for benzene.
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Table 1-5

1995 UATMP VOC Detection Limits

Compound Detection Limit (ppbv)
Acetylene 0.12
Benzene 0.24
Bromochloromethane 0.07
Bromodichloromethane 0.09
Bromoform 0.08
Bromomethane 0.18
1,3-Butadiene 0.15
Carbon tetrachloride 0.07
Chlorobenzene 0.06
Chloroethane 0.18
Chloroform 0.06
Chloromethane 0.39
Chloroprene 0.05
Dibromochloromethane 0.05
m-Dichlorobenzene 0.07
o-Dichlorobenzene 0.08
p-Dichlorobenzene 0.06
1,1-Dichrloroethane 0.06
1,2-Dichloroethane 0.26
trans-1,2-Dichloroethylene 0.22
1,2-Dichiropropane 0.04
cis-1,3-Dichloropropylene 0.05
trans-1,3-Dichloropropylene 0.08
Ethvibenzene 0.08
Methylene chloride 0.16
n-Octane 0.05
Propvlene 0.09
Styrene 0.08
1,1,2,2-Tetrachloroethane 0.16
Tetrachloroethylene 0.03
Toluene 0.04
1,1,1-Trichloroethane 0.33
1,1,2-Trichloroethane 0.05
Tnchloroethylene 0.05
Vinyl chloride 0.11
m-, p-Xylene 0.11
o-Xviene 0.06
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oi-1

Method Detection Limits, Underivatized
Detection Limit (ppbv)

Table 1-6

Sample Volume

400 L

Compound 100L 200 L 300 L 500 L 600 L 700 L 800 L 900 L 1000 L
Formaldehyde 0.06 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.005
Acetaldehyde 0.04 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.004
Acrolein 0.04 0.02 0.0t 0.01 0.01 0.01 0.01 0.01 0.005 0.004
Acetone 0.04 0.02 0.0t - 0.01 0.01 0.0t 0.01 0.01 0.005 0.004
Propionaldehyde 0.04 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.004
Crotonaldehyde 0.08 0.04 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01
But/Isobutyraldehyde 0.04 0.02 0.01 0.01 0.01 0.01 0.01 0.005 0.004 0.004
Benzaldehyde 0.14 0.07 0.05 0.03 0.03 0.02 0.02  0.02 0.02 0.01
Isovaleraldehyde 0.07 0.04 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01
Valeraldehyde 0.07 0.04 0.02 0.02 0.0t 0.01 0.01 0.01 0.01 0.01
Tolualdehydes 0.49 0.24 0.16 0.12 0.10 0.08 0.07 0.06 0.05 0.05
Hexanaldehyde 0.03 0.02 0.01 0.01 0.01 0.01 0.005 0.004 0.004 0.003
2,6-Dimethylbenzaldehyde 0.12 0.06 0.04 0.03 0.02 0.02 0.02 0.02 0.01 0.01




Statistical parameters were calculated for all of the data. Skewness, kurtosis, and the
Shapiro-Wilk statistic are all values that measure the normality of a data distribution. Most
ambient air data are lognormally distributed.’® Arithmetic and geometric means and medians
provide information on the central tendency of the data. Standard deviations of the arithmetic and -
geometric means provide information on the variability of the data. The larger the standard
deviation, the more variable the data; the smaller the standard deviation, the less variable the data.

Temporal variations of the central tendencies of the data at a given site.and between sites can
indicate if the NMOC or speciated VOC concentrations are increasing or decreasing or if the

average makeup of the VOC mix at a given site is changing with time.

A second objective of the monitoring program is to allow comparison of VOC
concentrations in different air sheds or urban metropolitan areas. Comparisons include
contrasting VOC data collected at urban versus suburban and urban versus rural sites within an air
shed and between air sheds. Geographic comparisons of the data allow differences in air sheds to

be identified and quantified.

A third objective is to comparé the observed speciated compounds collected at each site
with information on industrial chemical emissions reported in the EPA Toxics Release Inventory
(TRI)."" The relative concentrations and presence of each VOC and carbonyl species, typical
wind flow patterns near each sampling site and within the air shed, and a comparison with
reported emissions of the same compounds can indicate the potential types of sources that

generated the measured compounds.

Finally, a fourth objective in the NMOC and Speciated NMOC programs is to determine
the viability of conducting routine ambient sampling programs for VOCs. The completeness of
the sampling record (i.e., percentage of planned samples actually collected) and the completeness
of the analyses performed (i.e., ability of the analytical 'brotocol to produce valid analyses for all

designated analytes) reflect directly on the viability of the sampling program.
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1.1.3 Executive Summary

From the Speciated NMOC analysis, the paraffins and aromatic compounds occurred
more frequently than the olefins. Toluene, 1,2,3-trimethylbenzene, and isopentane were detected
in all 254 Speciated NMOC samples. For the UATMP VOC analysis, the nonhalogenated
compounds occurred more frequently than the halogenated compounds. 1,1,1-Trichloroethane
and carbon tetrachloride were the only halogenated compounds &etected in all 43 samples. For
the carbonyl analysis, formaldehyde, acetaldehyde, acetone, and hexaldehyde were detected in all

41 analyzed samples.

Of the total NMOC measured by the Speciated NMOC method, an average of 78% is
speciated by the GC/FID method. Of the Speciated NMOC, on average, 58% are paraffins, 23%
are aromatic compounds, and 19% are olefins. Isopentane, propane, and ethane make up, on
average, 30% of the paraffins. Toluene accounted for 30%, on average, of the aromatic fraction.

Almost 30% of the olefin fraction is made up of ethylene and acetylene.

Temporal variations of the central tendencies of the data at a given site and between sites
were examined. Based on visual inspection of the plotted data, no apparent upward or downward
trends in the NMOC concentration was observed from 1988 through 1995. Downward trends

were observed for 1,1,1-trichloroethane. Upward trends were observed for acetaldehyde.

Distributional analysis of the data confirmed that the data was lognormally distributed as is
typical for environmental data.'® Completeness results for the 1995 program on a per site basis
ranged from 94 to 100% with an overall completeness of 96 percent. Equipment malfunction was

identified as the primary cause of missed samples.
1.2 1995 Site Information

The sampling sites for the 1995 NMOC and Speciated NMOC monitoring programs are
listed in Table 1-7, which includes the EPA region for each site, number of sites at each location,

ERG site code, Aerometric Information Retrieval System (AIRS) code, site location, the typical
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er-1

1995 NMOC and Speciated NMOC Program Sites

Table 1-7

Options
ERG
# of Site Base UATMP
Region Sites Code AIRS Code Location Land Use Program SNMOC VOCs Carbonyl
2 1 LINY 36-059-005 Long Island, NY Suburban NMOC
commercial
1 NWNJ  34-013-0011 Newark, NJ Urban industrial NMOC Yes Yes Yes
1 P2NJ 34-039-5001 Plainfield, NJ Suburban residential NMOC Yes Yes Yes
4 1 BIAL  01-073-6002 Birmingham, AL Suburban residential SNMOC Yes
) (Tarrant)
1 B2AL  01-073-5002 Birmingham, AL Rural residential SNMOC Yes
(Pinson)
1 B3AL  01-117-0004 . Birmingham, AL Rural agricutitural SNMOC Yes
(Helena)
6 1 FWTX  48-439-1002 Fort Worth, TX Urban commercial SNMOC Yes
1 DLTX  48-113-0069 Dallas, TX Urban commercial SNMOC Yes
1 JUMX  80-006-0001 Juarez, MX Urban commercial SNMOC
1 NOLA  22-051-1001 New Orleans, LA Suburban residential SNMOC Yes




land use surrounding each site, and the base and optional program participation for each site. The

AIRS site description detailing the site characteristics are provided in Appendix A.

Three NMOC base sites were located in Long Island, New York (LINY); Newark, New
Jersey (NWNY); and Plainfield, New Jersey (P2NJ). Seven Speciated NMOC base sites were
located in Birmingham, Alabama (B1AL, B2AL, B3AL); New Orleans, Louisiana (NOLA);
Dallas, Texas (DLTX); Fort Worth, Texas (FWTX); and Ciudad Juarez, Mexico (JUMX). The
JUMX monitor is located in the El Paso, Texas, air shed. Two NMOC base sites (NWNJ, P2NJ)
participated in the Speciated NMOC analysis option. Five sites (NWNJ, P2NJ, BIAL, B2AL,
B3AL) participated in the 3-hour UATMP VOC analysis option. Five sites (NWNJ, P2NJ,
DLTX, FWTX, NOLA) participated in the 3-hour carbonyl analysis option.

Three sites (DLTX, FWTX, JUMX) are located in urban commercial areas and one site
(NWN)) is located in an urban industrial area. One site (LINY) is located in a suburban
commercial area and three sites (P2NJ, B1AL, NOLA) are located in suburban residential areas.
One site (B2AL) is located in a rural residential area and one site (B3AL) is located in a rural

agricultural area.
1.2.1 The New York City and Northeastern New Jersey Metropolitan Area

In 1995, three of the participating sites (LINY, NWNJ, P2NJ) were located in an area that

included the New York City and northeastern New Jersey metropolitan area.
1.2.1.1 Long Island, New York (LINY)

The LINY site has been participating in the NMOC program since 1990 and was
established in 1971 by the New York State Departmeni of Environmental Conservation. The site
represents ambient air obtained from the New York City and northeastern New Jersey
metropolitan area, with a population of approximately 16.5 million in 1990. The LINY site is
located in a commercial suburban setting in Nassau County about 35 kilometers east of New York

City. The sampling location is bounded by a road and a park, with a manufacturing facility
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located directly across the street. No map was prepared for this site because the samples were
only analyzed for NMOC, so no pollutant data or speciated data was available to relate to the TRI
or local emissions information. The prevailing (or most frequent) wind direction across Long

Island in the summer is from the south.!?
1.2.1.2 Newark, New Jersey (NWNJ)

The NWNI site has been participating in the NMOC program since 1987. This site was
established by the New Jersey State Department of Environmental Protection in 1985 when
sampling equipment was moved ﬁom another sampling site to this location. This site also
represents ambient air from the New York City and northeastern New Jersey metropolitan area.
The NWNIJ site is located in an industrial urban center in Newark, which has a population of
approximately 330,000 based on the 1990 census. The site is about 15 kilometers northwest of
New York City. The sampling location is in a parking lot with a residential neighborhood on one
side and a ballfield on another side. The local street running next to the parking lot has a traffic
flow of approximately 2,000 cars per day. On the other side of the ballfield is an automobile
junkyard. Also, manufacturing facilit{es are in the neighborhood and an expressway is nearby with
a traffic flow of approximately 71,000 cars per day. Newark International Airport is located

approximately 4 kilometers southwest of the sampling site.

According to the 1994 TRI data base,'' the NWNI site is surrounded, as shown in
Figure 1-1, by facilities in Essex and Union Counties that reported releasing toxic chemicals to the
air in 1994. A summary of the chemicals released and the facility location in relation to the
NWNJ sampling site is provided in Table 1-8. The closest facility was located 0.5 kilometers
south of the sampling site and reported releasing 1,2 4-trimethylbenzene, o-xylene, and mixed
isomers of xylene. The prevailing wind at Newark International Airport during the summer is

from the southwest.”
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Table 1-8

Potential Source Locations (Based on 1994 TRI Data)

in Relationship to NWNJ

Chemicals Emitted (Number of Reported Sources)

1,2,4-Trimethylbenzene, chloroform, cumene, dichloromethane,
ethylbenzene, formaldehyde, isobutyraldehyde, toluene (3), xylenes

1,1,1-Trichloroethane, 1,2,4-trimethylbenzene (2), cumene,
dichloromethane, ethylbenzene (4), styrene, toluene (2), xylenes (4)
1,2,4-Trimethylbenzene, o-xylene, toluene

Ethylbenzene, formaldehyde (3), propionaldehyde, toluene (2), xylenes

1,2,4-Trimethylbenzene, o-xylene, xylenes
1,2,4-Trimethylbenzene (2), cumene, ethylbenzene, styrene, toluene,

1,1,1-Trichloroethane, dichloromethane (2), toluene (2),
trichloroethylene, xylenes (3)

1,1,1-Trichloroethane, tetrachloroethylene, toluene

Dichloromethane, toluene

1,1,1-Trichloroethane (2), 1,2,4-trimethylbenzene (2), 1,3-butadiene,
benzene, cumene, cyclohexane (2), dichloromethane, ethylbenzene,
ethylene, propylene (2), tetrachloroethylene, toluene (3), xylenes (2)
Chloromethane, ethylbenzene, formaldehyde, toluene, xylenes (2)
1,2,4-Trimethylbenzene, formaldehyde, toluene, xylenes
1,1,1-Trichloroethane, 1,2,4-trimethylbenzene (2), 1,2-dichlorobenzene,
benzene (2), chlorobenzene, chloroform, cumene, dichloromethane,
ethylbenzene (3), formaldehyde, isobutyraldehyde, styrene, toluene (6),

1,1,1-Trichloroethane (5), 1,2,4-trimethylbenzene, dichloromethane (2),

ethylbenzene, toluene, xylenes (3)
Tetrachloroethylene, toluene, xylenes (2)

1,1,1-Trichloroethane (2), 1,2-dichloroethane, dichloromethane, toluene

Direction Distance
North 6to 12 km
Northeast l1todkm
East 1to2km
Southeast 1to 4 km
(2)
South 0.5 km
South 1to2km
xylenes (2)
South 4t0 10 km
South 17t0 22 km
South southwest 7 km
South southwest  7-13 km
Southwest 2to 8 km
Southwest 7 t0 9 km
Southwest 15 to 19 km
xylenes (4)
West southwest  7-19 km
West 2to 10 km
West Sto 6 km Dichloromethane
West 11to2]1 km
Northwest 20to 21 km

1,1,1-Trichloroethane
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1.2.1.3 Plainfield, New Jersey (P2NJ)

The P2NJ site has been participating in the NMOC program since 1988. This site was
established in 1980 by the New Jersey State Department of Environmental Protection as part of
the Northeast Oxidant Study. The site was relocated from latitude 40:36:04 N to 40:36:03 N at
the beginning of the summer of 1992. The new site remains in the general location of the initial |
site. This site also represents ambient air in the New York City and horfheastern New Jerse.y
metropolitan area. The P2NTJ site is located in a suburban residential neighborhood in Plainfield,
which has a population of approximately 46,000 based on the 1990 census. The site is about
42 kilometers west of New York City. The sampling location is in a parking lot that is
surrounded by commercial and industrial facilities. The parking lot houses a fleet of propane-
fueled cars. The two local streets that pass by the parking lot have traffic flows of approximately
1,000 and 500 vehicles per day. .

The P2NJ site is located south and west of the potential sources in Essex and Union
Counties reported in the 1994 TRI data base.!' Table 1-9 summarizes the chemicals released and
facility location in relation to the P2N5 sampling site. The closest facility was located
approximately 10 kilometers east northeast of the sampling site and reported releasing mixed

isomers of xylene.
1.2.2 Birmingham (Alabama) Metropolitan Area

In 1995, three of the participating sites (B1AL, B2AL, B3AL) were located in the
Birmingham, Alabama, metropolitan area. The BIAL and B2AL sites were established by the
Jefferson County Department of Health. The B3AL site was established by the Alabama
Department of Environmental Management in 1983. All three sites represent ambient air in the
Birmingham metropolitan area, which has a population ‘of approximately 1.2 million based on the

1990 census.
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Table 1-9

Potential Source Locations (Based on 1994 TRI Data)
in Relationship to P2NJ

b ———— —————————— ———— e
Direction Distance Chemicals Emitted (Number of Reported Sources)

North northeast 15to 16 km  1,2-Dichloroethane, dichloromethane, toluene

North northeast 31 to 36 km 1,1,1-Trichloroethane (2), tetrachloroethylene, toluene

Northeast 15to 19km 1,1,1-Trichloroethane (6), 1,2,4-trimethylbenzene, dichloromethane (2),
ethylbenzene, toluene, xylene (mixed isomers) (2)
Northeast 19t0 36 km 1,1 1-Trichloroethane, 1,2 4-trimethylbenzene, chloroform, cumene,

dichloromethane (2), ethylbenzene, formaldehyde, isobutyraldehyde,
toluene (5), trichloroethylene, xylene (mixed isomers) (4)

Northeast 21to25km 1,1,1-Trichloroethane, dichloromethane

East northeast 10to 22 km  1,2,4-Trimethylbenzene (2), cumene, cyclohexane, formaldehyde,
propylene, toluene, xylene (mixed isomers) (2)

East northeast 22t023 km 1,1,1-Trichloroethane (2), 1,2,4-trimethylbenzene, dichloromethane,
tetrachloroethylene, toluene, xylene (mixed isomers) (2)

East northeast 22t033km 1,1,1-Tnchloroethane, 1,2 ,4-trimethylbenzene (6), chloromethane,
cumene (2), dichloromethane (2), ethylbenzene (7), formaldehyde (4),
o-xylene (2), propionaldehyde, styrene (2), tetrachloroethylene,
toluene (7), xylene (mixed isomers) (13)

East northeast 24to 25 km Dichloromethane, toluene

East 14to 21 km 1,1,1-Trichloroethane, 1,2,4-trimethylbenzene (2), 1,2-dichlorobenzene,
1,3-butadiene, benzene (3), chlorobenzene, chloroform, cumene,
cyclohexane, dichloromethane, ethylbenzene (4), ethylene, formaldehyde,
isobutyraldehyde, propylene, styrene, toluene (8), xylene (mixed
isomers) (4)

The B1AL site is located in a suburban residential neighborhood in Tarrant City, which
has a population of 8,148. The site is about 13 kilometers northeast of Birmingham and about
2 kilometers northwest of Birmingham Airport. The sampling location is next to tennis courts
located behind an elementary school. Two local streets with traffic flows of 2,000 and 300
vehicles per day are near the sampling location. Two major streets with traffic flows of 1,500 and
80,000 vehicles per day are also in the vicinity. A major coke producing plant is located about

0.8 kilometers west of the sampling location.
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The B2AL site is located in a rural residential area 32 kilometers northeast of Birmingham.
The sampling location is next to tennis courts located in front of an elementary school. One
through street with a traffic flow of approximately 13,000 vehicles per day passes by the sampling

site.

The B3AL site is located in a rural agricultural area on a farm south of Birmingham. Two

local highways with traffic flows of 1,000 and 20 vehicles per day pass nearby the site.

According to the 1994 TRL" 30 facilities in Jefferson County and two facilities in Shelby
County, Alabama, shown in Figure 1-2, reported emitting VOCs to the air. Nineteen of these
facilities were located in Birmingham and reported releasing benzene, chlorobenzene,
cyclohexane, dichloromethane, ethylbenzene, ethylene, propylene, styrene, toluene, 1,1,1-
trichloroethane, trichloroethylene, 1,2,4-trimethylbenzene, xylenes, and o-xylene. Two facilities
that reported releasing benzene, ethylene, styrene, 1,2 4-trimethylbenzene, toluene, and xylenes
were located in the same city as B1AL, approximately 15 kilometers southwest of B2AL and 39
kilometers north of B3AL. Table 1-10 summarizes the chemicals released and facility location in

relation to the three Birmingham sampling sites for the remaining 11 facilities.

Birmingham is located in a valley that produces significant terrain influence on the wind
flow. Ridges extend southwest to northeast on each side of Birmingham and tend to produce
channeled wind flow along the same axis. In the early summer, the prevailing winds tends to have
a southwesterly component produced by flow from the Gulf of Mexico. By mid-summer,
migratory high pressure systems tend to shift the wind flow so that the prevailing winds have a
northeasterly component. On any given day in the summer, however, the location of the seasonal
high pressure system over the southeast will determine the actual wind direction experienced on

that day."?
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Table 1-10

Potential Source Locations (Based on 1994 TRI Data) in Relation to Sampling
Sites in the Birmingham (Alabama) Metropolitan Area

B1AL B2AL B3AL Chemicals Emitted
27 km southwest 44 km southwest 16 km northwest Styrene, toluene, and xylenes
22 km southwest 37 km southwest 25 km northwest Benzene, toluene, and xylenes
17 km southwest 32 km southwest 21 km north Xylenes
8 km southeast 25 km southeast 35 km northwest Toluene
16 km northeast 11 km southeast 44 km northeast Ethylbenzene,

47 km south-southeast

36 km South

59 km South

52 km South-
southwest

24 ki east-southeast
7 km South

1,2,4-trimethylbenzene, and
xylenes

Xylenes

Chloroform

1.2.3 The Dallas and Fort Worth (Texas) Metropolitan Area

In 1995, two of the participating sites (DLTX, FWTX) were located in the Dallas and Fort

Worth, Texas, metropolitan area. The prevailing wind in this region during June through

September when the samples were collected is from the south.!?

1.2.3.1 Dallas, Texas (DLTX)

The DLTX site did not participate in the Speciated NMOC program in 1994, although it

participated in 1992 and 1993. The site was established by the city of Dallas Air Pollution

Control Section, which relocated sampling equipment to this site. This site represents ambient air

in the Dallas and Fort Worth metropolitan area. The DLTX site is located in a commercial urban

center, north of the Trinity River and south of Dallas Love Field Municipal Airport, on the

Northwest side of Dallas, which had a population of approximately 900,000 in 1990. The
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sampling site is surrounded by parking lots and commercial buildings and is across the street from

an arena. A major street with a railroad crossing and traffic flow of approximately 46,000

vehicles per hour runs by the site.

According to the 1994 TRI," the DLTX site is surrounded, as shown in Figure 1-3, by
facilities in Dallas and Tarrant Counties that reported releasing toxic chemicals to the air in 1994.
A summary of some of the chemicals released and the facility loéation in relation to the DLTX
sampling site is provided in Table 1-11. Chlorinated compounds were not included in the table
because the DLTX site did not participate in the UATMP VOC option. The closest facility was

located 1 to 2 kilometers northwest of the sampling site and reported releasing toluene.

1.2.3.2 Fort Worth, Texas (FWTX)

The FWTX site has been participating in the Speciated NMOC program since 1992. The
site was established in 1975 by the Texas Natural Resources Conservation Commission and
represents ambient air in the Dallas and Fort Worth metropolitan area. The FWTX site is located
in a commercial urban center in Fort Worth, which had a population of 385,000 in 1990. The site
is about 6 kilometers northwest of Fort Worth on the south side of Meacham field, a small airport
with grass runways. The sampling location is surrounded by the airport and commercial

buildings. The local street passing by the site had a traffic flow of 100 vehicles per day in 1992.

The FWTX site is located north, east, and south of the potential sources reported in the
1994 TRI data base!! in Dallas and Tarrant Counties. Table 1-12 summarizes the chemicals
released and facility location in relation to the FWTX sampling site. Chlorinated compounds were
not included in the table because the FWTX site did not participate in the UATMP vOC option.
The closest facility was located approximately 8 kilometers east-southeast of the sampling site and

reported releasing toluene and mixed isomers of xylene.
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Table 1-11

Potential Source Locations (Based on 1994 TRI Data) in Relationship to

DLTX
Direction =Distance Chemicals Emitted (Numb:—-r—_of Reported Sources)

North 11to 18 ki 1,2,4-Trimethylbenzene, ethylbenzene (2), styrene, toluene (2), xylene

’ (mixed isomers) (4) '

North 50to 51 km Toluene, xylene (mixed isomers)

Northeast 1to3km Styrene, toluene, xylene (mixed isomers) (2)

Northeast 14-20 km 1,2,4-Trimethylbenzene (2), cumene, ethylbenzene (2), styrene (2),
toluene (2), xylene (mixed isomers) (2)

Northeast 20t0 27 km Toluene (2), xylene (mixed isomers)

East 5to 10 km 1,2,4-Trimethylbenzene, toluene, xylene (mixed isomers)

East 17 to 24 km Formaldehyde, styrene (2), xylene (mixed isomers)

Southeast 10to 11 km  Ethylbenzene, xylene (mixed isomers)

Southeast 26 to 28 km Styrene, xylene (mixed isomers)

Southeast 43to44km  Styrene

South 8to 16 km Toluene, formaldehyde (2)

South 22 to 23 km 1,2,4-Trimethylbenzene, ethylbenzene (2), formaldehyde, styrene,
toluene (2), xylene (mixed isomers) (2)

Southwest 6to 19 km Toluene (2), xylene (mixed isomers)

Southwest 27 to 40 km Formaldehyde, toluene (2), xylene (mixed isomers)

West southwest 15to 17 km 1,2,4-Trimethylbenzene, ethylbenzene, styrene, toluene (2), xylene
(mixed isomers)

West southwest 17 to 20 km 1,2,4-Trimethylbenzene, benzene, ethylbenzene, toluene, xylene
(mixed isomers) (2)

West southwest 411047 km Toluene (2), xylene (mixed isomers) (2)

West 6to 17 km Toluene, xylene (mixed isomers) (2)

West 23t030km Toluene (2)

West 361040 km 1,2.4-Trimethylbenzene, toluene, xylene (mixed isomers) (2)

West 41 to 44 km Formaldehyde, styrene (2), toluene (2), xylene (mixed isomers)

West 50to 51 km Toluene, xylene (mixed 1somers)

West northwest 39to 50 km Styrene (2), toluene, xylene (mixed isomers)

Northwest 1to2km Toluene

Northwest 6to 12 km Toluene, xvlene (mixed isomers) (2)
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Table 1-12

Potential Source Locations (Based on 1994 TRI Data) in Relationship to

FWTX
Direction Distance Chemicals Emitted (Number of Regorces) —

North northeast 17t0 18 km  Styrene

Northeast 16t024km  Styrene, xylene (mixed isomers)

Northeast 79t0 80km  Toluene, xylene (mixed isomers)

East northeast 15to 18 km Styrene (2), toluene (2), xylene (mixed isomers)

East northeast 54 to 58 km 1,2,4-Trimethylbenzene, ethylbenzene (2), styrene, toluene (2), xylene
(mixed isomers) (4)

East northeast 66to 81 km  Xylene (mixed isomers) (2) _

East 1410 18 km 1,2,4-Trimethylbenzene, formaldehyde, toluene (2), xylene (mixed
isomers)

East 20 to 27 km Xylene (mixed isomers) (2)

East 30 to 40 km 1,2,4-Trimethylbenzene, benzene, ethylbenzene, toluene (3), xylene
(mixed isomers)

East 40 to 42 km 1,2,4-Trimethylbenzene, ethylbenzene, styrene, toluene (2), xylene
(mixed isomers) (2)

East 41to50km  Toluene, xylene (mixed isomers) (2)

East 50to59km  Formaldehyde, styrene, toluene (5), xylene (mixed isomers) (5)

East 62 to 66 km 1,2,4-Trimethylbenzene, ethylbenzene, toluene, xylene (mixed
1somers) (2)

East 73 t0 79 km 1,2,4-Trimethylbenzene (2), cumene, ethylbenzene (2), formaldehyde,
styrene (4), toluene (4), xylene (mixed isomers) (2)

East southeast 7 to 8 km Toluene, xylene (mixed isomers)

East southeast 18 km Toluene

East southeast 40to42km  Formaldehyde, toluene, xylene (mixed isomers)

East southeast 43 to 44 km Toluene

East southeast 55t0 63 km 1,2,4-Trimethylbenzene, ethylbenzene (2), formaldehyde (2), styrene,
toluene (2), xylene (mixed isomers) (2)

East southeast 70to 91 km  Styrene (2), xylene (mixed isomers)

Southeast 19t023km  Toluene, xylene (mixed isomers) (2)

Southeast 41 to 42 km Toluene

1.2.4 The El Paso (Texas) Metropolitan Area (Juraez, Mexico [JUMX]

In 1995, one of the participating sites (JUMX) was located in the El Paso, Texas,

metropolitan area airshed. The JUMX site did not participate in the Speciated NMOC program in
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1994, although the site did participate from 1991 through 1993. The site was established in 1990
as a special El Paso and Juarez monitoring site because of its location near the border. This site
represents ambient air in the El Paso metropolitan area. The JUMX site is located in a
commercial urban center in Juarez, which has a population of approximately 360,000. The
prevailing wind in the El Paso region during June through September when the samples were

collected is from the south.!

The JUMX site, as shown in Figure 1-4, is generally located west and south of the
potential sources in El Paso County reported in the 1994 TRI data base.!' Table 1-13 summarizes
the chemicals released and facility. location in relation to the JUMX sampling site. Chlorinated
and brominated compounds and carbonyl compounds were not included in the table because the
JUMX site did not participate in the UATMP VOC or Carbonyl option. The closest facilities in
El Paso County were located approximately 5 kilometers north and north-northwest of the
sampling site and reported releasing 1,2 4-trimethylbenzene, benzene, 1,3-butadiene, cumene,
cyclohexane, ethylbenzene, ethylene, propylene, toluene, and mixed isomers of xylene. No

information was available for potential sources in Juarez, Mexico.
1.2.5 The New Orleans (Louisiana) and Southern Louisiana Metropolitan Area

In 1995, one of the participating sites (NOLA) was located in the New Orleans, Louisiana,
and Southern Louisiana metropolitan area. The NOLA site participated for the first time in the
Speciated NMOC program in 1995. This site represents ambient air in the New Orleans and
Southern Louisiana metropolitan area. The NOLA site is located in a residential suburban area on
the west side of New Orleans about 7 kilometers north-northwest of New Orleans International
Airport near Lake Pontchartrain. The prevailing wind in the New Orleans region during June

through September when the samples were collected is from the Southeast."

As shown in Figure 1-5, the NOLA site is generally located west and north of the potential
sources in Jefferson Parrish reported in the 1994 TRI data base.!' Table 1-14 summarizes the
chemicals released and facility location in relation to the NOLA sampling site. Chlorinated and

brominated compounds were not included in the table because the NOLA site did not participate
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in the UATMP VOC option. The closest facilities are located approximately 8 kilometers south-

southeast of the sampling site and reported releasing mixed isomers of xylene.

Table 1-13-

Potential Source Locations (Based on 1994 TRI Data)
in Relationship to JUMX
Direction Distance Compounds Emitted (Number of Reported Sources)

North 5to6km 1,2,4-Trimethylbenzene (2), benzene (2), cumene, cyclohexane (2),
ethylbenzene (2), toluene (2), xylenes (2) '

North-northeast 7to8km Toluene

East-northeast 6to7km Toluene

Southeast 7to8km  1,2,4-Trimethylbenzene, cumene, xylenes

Northwest 24t025km  Toluene, xylenes

North-northwest 5to6km 1,2,4-Trimethylbenzene, 1,3-butadiene, benzene, cyclohexane,
ethylbenzene, ethylene, propylene, toluene, xylenes

North-northwest 8to 9km Toluene, xvlenes
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Table 1-14

Potential Source Locations (Based on 1994 TRI Data) in Relationship to

NOLA
Direction Distance Compounds Emitted (Number of=Sogrces)
East-southeast 10to 11 km Ethylbenzene, toluene, xylene (mixed isomers)
Southeast 12to 13km Xylenes ’
Southeast 20to 21 km Toluene
Southeast 22t023km Xylenes
Southeast 23to 24 km Toluene
Southeast 24 to 25 km 1,2,4-Trimethylbenzene (3), ethylbenzene (2), styrene, toluene,
) xylenes (2)
Southeast 29to 30 km Xylenes
South-southeast 7to 8 km Xylenes
South-southeast 14 to 15 km 1,2 4-Trimethylbenzene, toluene (2), xylenes
South-southeast 22to 23 km Toluene
South 8 to 9 km Acrolein, propylene, toluene
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2.0 THE DISTRIBUTIONS OF THE 1995 NMOC DATA

This section characterizes the distributions of the data collected from the 1995 NMOC
program. Characterizing the statistical distributions of the data is important for accurate
interpretation of the collected samples. Being able to categorize a pollutant according to a
known statistical distribution (e.g., normal and lognormal distribution) provides a concise
method of describing the data. This report uses the shape of the distributions, in terms of their
symmetry and peakedness, as well the extent to which the distributions fit a normal or
log-normal distribution, to characterize the distributions. This section begins with a discussion
of the methods used to characterize the distributions and then discusses the results of applying

these methods to the data.

2.1 Methodology

A number of parameters and statistical tests can be used to characterize a set of data,
including the mean, median, standard ‘deviation, skewness, kurtosis, and hypothesis for equality
between mean values. Section 3.0 presents and discusses summary statistics for the data (i.e.,
means, median, standard deviations). This section analyzes the shape of the distributions, in
terms of symmetry and peakedness, and their conformity to normal and log-normal distributions.
The symmetry and peakedness of the dat are measured by skewness and the kurtosis parameters,
respectively. Each distribution is also tested for its conformity to both the normal and

log-normal distributions using the Shapiro-Wilk test and D’ Agostino test for normality.
2.1.1 Skewness

The skewness of a distribution measures the symmetry of a distribution around its mean
value. A distribution that is not skewed (i.e., symmetric) will have the same shape on either side

of the median value."”” Skewness (0%) is calculated as:

_ 3
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where:

n = The number of observations;

Sample standard deviation; and

w
1l

Il

X The sample mean.

Positively skewed distributions (0 > 0) have long tails that extend toward higher values, while
negatively skewed distributions (0° < 0) have long tails extending toward lower values. A
distribution with a zero skewness, such as the normal distribution, is symmetrical around the
median and mean. A distribution with a skewness close to zero, in absolute value terms, can be
said to be closer to a normal distribution than one that is further from zero, in absolute value

terms.

The skewness of a distribution tells us in what direction (i.e., smaller or larger than the
mean) we are likely to see extreme values. Pollutants with positively skewed distributions might
generate concentrations well above the mean concentration, but might not result in

concentrations far below the mean concentration,

The estimated values of skewness will be affected by the presence of non-detects.
Non-detected values can be described as a truncation on the lower end of the distribution of daily
concentrations.'® Values lower than the detection limit have been assigned the arbitrary value of
one-half of the detection limit, as opposed to their true value, which is unknown. This implies
that the skewness of a distribution that contains non-detects will contain a positive bias. The
assignment of one-half the detection limit to non-detected values creates an artificial clustering
of data, at one-half the detection limit. The clustering will make the data appear asymmetrical
because observations are not allowed to take on their true values. Because the clustering is
below the mean, the bias to the skewness is positive.!” Thus, interpretation of the skewness

results should take into account the number of non-detects in the distribution.



2.1.2 Kurtosis

Kurtosis measures the peakedness (or flatness) of a distribution. A relatively peaked
distribution will have thin tails while a relatively flat distribution will have broad tails.'?

Kurtosis (0*) is calculated as:

gt = n(n+1)- - (xi_;] _ 3(@m-1y (i—2)
(n-1)(m-2)@n-3) i s n-2)(n-3)

where:
n = The number of observations;
s = Sample standard deviation; and
X = The sample mean.

The calculation of kurtosis used in this report is scaled so that a normal distribution will
have a zero kurtosis (6* = 0). This is done by subtracting three from the normal measure of
kurtosis.'® Distributions with a positive kurtosis (o* > 0) are relatively peaked with thin tails. A
negative kurtosis (o* < 0) indicates a flat distribution with relatively broad tails. Thus, a
distribution with a kurtosis that is close to zero is closer to a normal distribution than one that is

further from zero (in absolute value terms).

The kurtosis of a distribution tells us the likelihood of observing values far from the mean
value. An urban air pollutant with a positive kurtosis can be expected to result in daily
concentrations that are close (as defined by the standard deviation of the data) to the mean more

often than daily concentrations that are far from the mean.

Non-detect values will bias the value of kurtosis in an indeterminate manner.
Non-detected values can be described as a truncation on the lower end of the distribution. Values

not detected are assigned the arbitrary value of one-half of the detection limit, as opposed to their
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true value which creates an artificial clustering of data at one-half the detection limit. The
direction of the bias caused by this cluster is indeterminate. If the true values are below one-half
the detection limit, then the kurtosis will be positively biased (i.e., too peaked). In other words,
observations that should broaden the tails are moved to a position where they contribute to the
peakedness of the data. The opposite is true (i.e., a negative bias) if the true values are close to
the mean and above one-half the detection limit. Therefore, interpretation of the kurtosis results

should take into account the number of non-detects in the data. .
2.1.3 Testing for Normality and Log-Normality

The normal distribution provides a succinct and well-known way of characterizing a data
set. Data that is normally distributed has certain properties (e.g., symmetry, mean equal to
median) that simplify interpretation. The symmetrical property of normal distributions is
particularly useful for interpretation of urban air pollution data. Normal distributions are
symmetrical about the mean. Given an estimate of the mean and standard derivation of the data,
such as the sample mean and sample standard deviation, one can predict the frequency with

which certain concentrations will be exceeded in a given time frame (e.g., a year).

This report compares the distributions of the collected data for this program to normal
and log-normal distributions. If a set of data is log-normally distributed, then the logarithms of
the data will exhibit the properties of a normal distribution. The hypotheses that each set of
concentrations at each site is normally (or log-normally) distributed is tested against the
hypothesis that they are not normally distributed. The Shapiro-Wilk'? test for normality is used

to perform these hypothesis tests.

If the data is normally distributed, W will equal-one. Therefore, the null hypothesis in the
Shapiro-Wilk test is that W = 1. If W is significantly different from one then the data rejects the

hypothesis of a nor