
INTRODUCTION

In the summer of 1995, a field measurement program was carried out in the northeastern United States as part of NARSTO-Northeast Study.  The purpose of NARSTO-Northeast is to develop a comprehensive air quality and meteorological database for the northeastern United States that can be used to enhance the understanding of the relationship between emissions and spatial and temporal distributions of pollutants so that air quality simulation models, and ultimately, air quality management strategies can be more definitively applied or improved.  NARSTO-NE represents one regional aspect of the North American Research Strategy for Tropospheric Ozone (NARSTO), which is a joint effort among governmental and non-governmental organizations in Canada, the United States, and Mexico.  The prospectus for NARSTO-Northeast (Mueller et al., 1995) specifies the technical objectives and field measurement plan.  Roberts et al. (1995) documented the observations made during the summer of 1995. An important component of NARSTO-NE was the acquisition of speciated hydrocarbon and carbonyl compound data, which are used to evaluate emission inventory input data and photochemical model performance, to specify photochemical model boundary and initial conditions, and to attribute source contributions through receptor modeling.  This report describes the application of the Chemical Mass Balance (CMB) receptor model to the speciated hydrocarbon data obtained during the NARSTO-Northeast Air Quality Study.  

During the summer 1995 field study, hydrocarbon and carbonyl samples were collected on 23 days of intensive operations.  Four three-hour (beginning at 0600, 0900, 1200, and 1500 EDT) and two six-hour (beginning at 0000 and 1800 EDT) ground-level canister samples were collected on intensive operational periods (IOPs) at five sites (Holbrook, PA, Arendtsville, PA, Kunkletown, PA; Truro, MA, and Brookhaven National Laboratory, NY) by Environmental Science and Engineering (ESE) and at one site (Shenandoah National Park, VA) by the University of Maryland (UofMD).  These samples were shipped to Biospheric Research Corporation (BRC) for analysis of C2 to C10 hydrocarbons.  Total hydrocarbon values are sums of all FID chromatographic peaks (including unidentified peaks) increasing in molecular weight up to n-decane, except peaks verified to be oxygenated or halogenated compounds.  Approximately half of the samples that were collected were selected for analysis including samples collected on June 17-20, July 11-16, July 25-26, July 31-August 3, August 10-11, August 21, and August 31.  Hydrocarbon grab samples were also collected three times per day at 0900, 1200, and 1500 EDT at Pinnacles State Park, Whiteface Mountain, and Loudonville, NY by the State University of New York at Albany (SUNYA) on non-IOP days until October 1.  In addition, integrated three-hour samples were collected five or six times per day at the Pinnacles State Park and Loudonville sites on IOP days.  All of these samples were analyzed by SUNYA.  Continuous automated gas chromatographs were collocated with canister samples at Arendtsville (operated by Pennsylvania Department of Environmental Protection) and at Loudonville (operated by the New York Department of Environmental Conservation).

Carbonyl samples were collected during the field study using dinitrophenylhydrazine (DNPH)- impregnated C18 Sep-Pak cartridges, coated by Kochy Fung of Atmospheric Assessment Associates (AtmAA).  Three-hour samples were collected four times per day at 0600-0900, 0900-1200, 1200-1500, 1500-1800 EDT and six-hour samples were collected twice per day at 0000-0600 and 1800-2400 EDT on 19 days (matching the hydrocarbon sampling schedule) at four surface air quality and meteorological research sites (Holbrook, PA, Arendtsville, PA, Truro, MA, and Brookhaven National Laboratory, NY) by ESE and sent to AtmAA for analysis of C1-C7 carbonyl compounds.  In parallel with the hydrocarbon measurements, approximately half of the carbonyl samples were analyzed.    

1. In addition to the measurements made specifically for NARSTO-Northeast, hydrocarbon and carbonyl measurements were made during the summer of 1995 by state and local air pollution control agencies at twenty and nine PAMS (Photochemical Assessment Monitoring Stations) sites, respectively.  Table 1-1 lists the PAMS sites along with the site type, measurement methods and frequency of measurements associated with each site.  The 56 PAMS target hydrocarbons are listed on Table 1-2.  The PAMS total hydrocarbon values are sums of all FID chromatographic peaks (including unidentified peaks) increasing in molecular weight up to n-undecane.  This total is referred to here as nonmethane organic compounds (NMOC) because these values do not exclude all oxygenated or halogenated compounds that produce an FID signal. The definition of NMOC is operational, and reflects the selectivity and sensitivity of the analytical and data processing methods that are applied by different groups.

In this study, a beta test version CMB Version 8 was applied to over 15,000 hydrocarbon samples from ten PAMS sites in the NARSTO-Northeast study area.  These sites include eight PAMS sites in source areas (E. Hartford, CT; McMillan Reservoir, DC; Chicopee, MA; Lynn, MA; Lake Clifton, MD; Bronx, NY; Philadelphia, PA; and E. Providence, RI) and two downwind PAMS sites (Lums Pond, DE and Rider College, NJ).  Additionally, the CMB modeling was applied to a total of 512 surface and 106 aircraft canister samples collected during the NARSTO-Northeast Intensive Operational Periods. A diesel and running evaporative loss-corrected vehicle exhaust composition profile was derived for this study from measurements taken by the Desert Research Institute during the summer of 1995 in the Lincoln Tunnel in New York and the Callahan Tunnel in Boston.  Other fuel, stationary, and area source composition profiles were compiled from published sources.  Alternative source composition profiles were applied to test the sensitivity of the source contribution estimates and model performance to alternative profiles and to address uncertainties in model output. The residual mass that is not accounted for by the default set of source profiles used in the apportionment provides an estimate of the nonmotor vehicle emission source contribution.

 
Objectives and Scope of Work

2. Perform receptor modeling analysis with the Chemical Mass Balance model on speciated hydrocarbon data from canister samples collected during the NARSTO-Northeast intensive operating period days and from all valid samples collected during June – August, 1995 at up to ten of the Photochemical Assessment Monitoring Stations located in the NARSTO-Northeast study region.  Specific tasks include:
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3. Develop representative source profiles: examine the availability, quality, and applicability of speciated hydrocarbon source profiles for use in the analysis; consider profiles previously developed as part of the COAST study conducted along the Texas Gulf coast, motor vehicle profiles derived from tunnel/roadway studies (including but not necessarily limited to studies conducted in the Callahan Tunnel in Boston, the Lincoln Tunnel in New York, the Tuscarora Tunnel in Pennsylvania, the Fort McHenry Tunnel in Baltimore, and the Thomas P. O’Neill Federal Building parking garage in Boston) and published dynamometer tests results as well as profiles contained in or derived from EPA’s SPECIATE database.
Test source profiles using a subset of the ambient speciated hydrocarbon data, evaluate sensitivities to assumptions, and select the optimum set of source profiles and fitting species.
4. Apply the Chemical Mass Balance model to the canister data collected during the NARSTO-Northeast Intensive Operational Periods and hourly (or, where appropriate, 3-hourly) data for June-August from up to 10 PAMS sites located in the NARSTO-Northeast study region.
5. Interpret results of the analysis:  examine model output statistics (source contribution estimates, collinearity indicators, chi-square, R2, MPIN); determine diurnal and spatial variations in source contributions; compare source apportionment results with source contributions in the emission inventory.
6. Prepare a draft report describing the data and procedures used, results obtained, and conclusions drawn from the work described above.  Prepare a final report reflecting comments received on the draft.
 
CHEMICAL MASS BALANCE RECEPTOR MODELING

The Chemical Mass Balance (CMB) receptor model (Friedlander, 1973) uses the chemical and physical characteristics of gases and particles measured at source and receptor to both identify the presence of and to quantify source contributions of pollutants measured at the receptor.  The CMB model consists of a least-squares solution to a set of linear equations that expresses each receptor concentration of a chemical species as a linear sum of products of source profile species and source contributions.  The source profile species (the fractional amount of each species in the VOC emissions from a given source type) and the receptor concentrations, each with uncertainty estimates, serve as input data to the CMB model.  The output consists of the contributions of each source type to both total and individual ambient VOC concentrations.  The model calculates values for contributions from each source and the uncertainties of those values.  Input data uncertainties are used both to weight the relative importance of the input data to the model solution and to estimate uncertainties of the source contributions. 

  
Fundamentals
The CMB procedure requires: 1) identification of the contributing source types; 2) selection of chemical species to be included; 3) estimation of the fractions of each chemical species contained in each source type; 4) estimation of the uncertainties to both ambient concentrations and source compositions; and 5) solution of the chemical mass balance equations.  The CMB model assumes that: 1) compositions of source emissions are constant over the period of ambient and source sampling; 2) chemical species do not react with each other, i.e., they add linearly; 3) all sources with a potential for significant contribution to the receptor have been identified and have had their emissions characterized; 4) the source compositions are linearly independent of each other; 5) the number of source categories is less than or equal to the number of chemical species; and 6) measurement uncertainties are random, uncorrelated, and normally distributed.  These assumptions are fairly restrictive and will never be totally complied with in actual practice.  Fortunately, the CMB model can tolerate deviations from these assumptions, though these variations increase the stated uncertainties of the source contribution estimates. 

Source contribution estimates (SCE) are the main output of the CMB model.  The sum of these concentrations approximates the total mass concentrations.  Negative SCE are not physically meaningful, but can occur when a source profile is collinear with another profile or when the source contribution is close to zero.  Collinearity is usually identified in the similarity/uncertainty cluster display.  When the SCE is less than its standard error, the source contribution is undetectable.  Two or three times the standard error may be taken as the upper limit of the SCE in this case.  There is about a 66% probability that the true source contribution is within one standard error and about a 95% probability that the true concentration is within two standard errors of the SCE.  The reduced chi square ((2 ), R2 , and percent mass are goodness of fit measures for the least-squares calculation.  The (2 is the weighted sum of squares of the differences between calculated and measured fitting species concentrations.  The weighting is inversely proportional to the squares of the precision in the source profiles and ambient data for each species.  Ideally, there would be no difference between calculated and measured species concentrations and (2 would be zero.  A value of less than one indicates a very good fit to the data, while values between 1 and 2 are acceptable. (2 values greater than 4 indicate that one or more of the fitting species concentrations are not well-explained by the source contribution estimates.  R2 is determined by the linear regression of the measured versus model-calculated values for the fitting species.  R2 ranges from 0 to 1.  The closer the value is to 1.0, the better the SCEs explain the measured concentrations.  When R2 is less than 0.8, the SCEs do not explain the observations very well with the given source profiles.  Percent mass is the percent ratio of the sum of model-calculated SCEs to the measured mass concentration.  This ratio should equal 100%, though values ranging from 80 to 120% are acceptable. 

CMB software applies the effective variance solution developed and tested by Watson et al. (1984).  This method gives greater influence in the solution to chemical species that are measured more precisely in both source and receptor samples, and calculates uncertainties for source contributions from both the source and receptor uncertainties.  The software also incorporates collinearity measures (Henry, 1982, 1992) to assess the effects of source profile similarity on source contribution estimates and their standard errors.  The software is interactive, allowing many sensitivity and assumptions-testing calculations to be performed rapidly.

  
CMB Version 8
· CMB Version 8 was applied to NARSTO-Northeast source apportionments.  CMB8 (Watson et al., 1997
 XE "Watson et al., 1997" 
) replaces CMB7 (U.S. EPA, 1989
 XE "U.S. EPA, 1989" 
; Watson et al., 1990
 XE "Watson et al., 1990" 
) as a more convenient method of estimating contributions from different sources to ambient chemical concentrations.  CMB8 returns the same results of CMB7, but it operates in a Windows‑base environment and accepts inputs and creates outputs in a wider variety of formats than CMB7.  The major CMB8 enhancements are:
· Windows‑based, menu‑driven operations:  CMB commands may be executed with hot‑keys, drop down menus, or toolbar buttons.

· Multiple defaults for fitting source, fitting species, and sample selection:  Up to ten combinations of fitting source profiles and fitting species may be specified in input data selection files.  Different defaults can be selected with radio buttons during CMB8 operation.  Subsets of source profiles, species, and samples may be specified in selection files to be selected from profile and ambient concentration data files.  
· Improved memory management:  CMB8 memory is limited only by the available RAM on the computer, not by pre‑set memory limitations.  
Flexible input and output formats:  Comma‑separated value (CSV), xBASE (DBF), and worksheet (WKS) formats are support as input and output files, in addition to the blank‑delimited ASCII text files (TXT) supported by CMB7.  
· Improved graphics:  Sample pie plots, spatial pie plots, time series stacked bar charts, source profile bar charts, and ambient concentration bar charts can be created within CMB8.  These can be cut from their CMB8 windows and pasted into other Windows documents.

· Improved collinearity diagnostics:  The uncertainty/similarity clusters have been replaced with a singular value composition eligible space treatment that allows the user to define an acceptable error and an acceptable collinearity among weighted source profiles.  
· Automatic decision‑making:  CMB8 calculations can be automated to eliminate negative contributions and to select a default set of profiles based on a weighted optimization of performance measures. 
· User‑set preferences:  Output directories, output file names, positions of decimal points in output, output formats, automatic calculation alternatives, performance measure weights, eligible space tolerances, receptor concentration units, and maximum iterations for convergence can be set by the user.
· Retention from previous sessions:  Options and window position preferences established in one session are carried over into subsequent sessions. 
The source apportionments for this project were performed using a beta version of CMB Version 8.  In a previous study, we applied CMB Version 7 to a subset of the ambient samples to verify that both versions of the model yield the same results (Fujita et al., 1997). 

 
Evaluation of Ambient Data and Candidate Fitting Species
The NARSTO-Northeast hydrocarbon data have been extensively reviewed as part of the quality assurance program for NARSTO-Northeast and through level 2 validation checks performed during this present study by investigators at ENVIRON and Sonoma Technology, Inc. Fujita et al. (1997) described the external quality assessment of the NARSTO-Northeast speciated hydrocarbon and carbonyl compound measurements.  As part of the quality assurance program, a laboratory comparison study was conducted for measurement of speciated hydrocarbons. It consisted of two synthetic samples used by the Environmental Protection Agency, (EPA) in the Photochemical Assessment Monitoring Station (PAMS) program, and two ambient samples collected by EPA in the Research Triangle Park area. Participants include the two laboratories involved in the NARSTO-NE Intensive Operational Periods, Biospheric Research Corporation (BRC) and State University of New York at Albany (SUNYA), EPA Region I, and eight of the Photochemical Assessment Monitoring Station (PAMS) networks in the northeastern U.S. (Maine, Connecticut, Massachusetts, Maryland, City of Philadelphia, New Jersey, New York, and Virginia).  The Desert Research Institute (DRI), which conducted measurements in roadway tunnels in New York and Boston during the summer of 1995 participated in the performance audits.   The National Exposure Research Laboratory, (Atmospheric Processes Research Division) of EPA served as the reference laboratory and DRI  provided coordination and data analysis.  The audits were conducted to document significant systematic biases that may exist among participating laboratories so that these differences may be taken into account during subsequent data validation and analysis for the NARSTO-NE Study.

In general, the values reported by the audited laboratories were well correlated with the values obtained by EPA.  BRC, SUNYA, DRI, CT, NJ, NY, and Philadelphia reported values within 10 percent of EPA for all four audit samples.  MA and MD values agree well with EPA for ambient samples, but are slightly greater than 10 percent for synthetic mixtures. Mean values greater than 1.0 ppbC with Laboratory/EPA ratio greater than 0.7 and less than 1.3 were used for determining calibration bias in order to minimize the effect of inconsistent chromatographic peak identifications on the correlations.  The average number of inconsistently identified peaks (i.e., percentage of data pairs with mean concentrations greater than 1.0 ppbC with Laboratory/EPA ratio less than 0.7 and greater than 1.3) for the four audit samples were less than 10 percent for DRI, MD, and NJ, 10 to 20 percent for BRC, CT, MA, and Philadelphia, and 20 to 30 percent for SUNYA and NY.  Coeluting peaks were the cause for the higher percentage of inconsistencies in peak identifications.  The sum of the PAMS target compounds and total NMHC in the PAMS region of the chromatogram reported by the audited laboratories were generally within 10 percent of the corresponding EPA values. 


A prerequisite for using receptor models is that the relative proportions of chemical species change little between source and receptor.  Most ambient NMHCs are oxidized in the lowest 2 km of the troposphere with tropospheric lifetimes ranging from hours to several months.  For the CMB calculations performed in this study, only species with lifetimes in the atmosphere greater than that of toluene (~9 hours during the summer) were used as fitting species.  An exception to this is isoprene.  It was included as a fitting species despite its high reactivity because it serves as a marker for biogenic emissions. Among the PAMS target species, 31 hydrocarbons satisfy the reactivity criteria defined above and are candidates for use as fitting species (shown in Table 2-1).  

Beyond reactivity considerations, fitting species must be consistently identified and measured above its detection limit.  Table 2-2 shows the percentage of valid measurements by species at the ten PAMS sites based upon the level 2 validation checks performed by ENVIRON and STI.  Invalid samples (based on validation flags applied by STI) were not used in the CMB modeling.  For valid samples, the numbers of valid species are fairly consistent from sample to sample at each site.  Table 2-3 shows the default set of fitting species used in the CMB calculations.  The sum of unidentified species was added to the list of fitting species for NARSTO Northeast surface and airborne samples in order to account for the higher fractions of unidentified species relative to PAMS samples.  The NARSTO Northeast samples were collected in rural downwind sites.  These samples tend to be more photochemically aged and generally have greater amounts of unidentified species relative to samples from Type 2 PAMS sites that are located in urban/suburban areas.   The use of dryers by PAMS analytical laboratories to remove moisture from the sample prior to chromatographic analysis, also removes most of the oxygenated organic compounds that would otherwise be quantified with the unidentified fraction.  Dryers were not used by BRC in the analysis of the NARSTO Northeast samples.  Table 2-4 indicates the numbers of valid samples from each monitoring site that were used in the CMB modeling.  
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Monitoring Stations

Mnemonics

1

Names

Mnemonics

1

Names

NMHC

 total non-methane hydrocarbon

*

TOLUE

toluene

*

ETHANE

ethane

*

HEP2ME

2-methylheptane

ETHENE

ethene

*

HEP3ME

3-methylheptane

*

ACETYL

acetylene

*

N_OCT

n-octane

LBUT1E

1-butene

ETBZ

ethylbenzene

LIBUTE

isobutylene

MP_XYL

mp-xylene

PROPE

Propene

STYR

styrene

*

N_PROP

n-propane

O_XYL

o-xylene

*

I_BUTA

isobutane

*

N_NON

n-

nonane

*

N_BUTA

n-butane

IPRBZ

isopropylbenzene

T2BUTE

t-2-Butene

N_PRBZ

n-

propylbenzene

C2BUTE

c-2-butene

M_ETOL

m-

ethyltoluene

*

IPENTA

isopentane

P_ETOL

p-

ethyltoluene

PENTE1

1-pentene

BZ135M

1,3,5-trimethylbenzene

*

N_PENT

n-pentane

O_ETOL

o-

ethyltoluene

*

I_PREN

isoprene

BZ124M

1,2,4-trimethylbenzene

T2PENE

t-2-Pentene

*

N_DEC

n-decane

C2PENE

c-2-pentene

BZ123M

1,2,3-trimethylbenzene

B2E2M

2-methyl-2-butene

DETBZ1

m-

diethylbenzene

*

BU22DM

2,2-dimethylbutane

DETBZ2

p-

diethylbenzene

CPENTE

cyclopentene

*

N_UNDE

n-undecane

P1E4ME

4-methyl-1-pentene

UNID

Unidentified

*

CPENTA

cyclopentane

*

BU23DM

2,3-dimethylbutane

*

PENA2M

2-methylpentane

*

PENA3M

3-methylpentane

P1E2ME

2-methyl-1-pentene

*

N_HEX

n-hexane

T2HEXE

t-2-Hexene

C2HEXE

c-2-hexene

*

MCYPNA

Methylcyclopentane

*

PEN24M

2,4-dimethylpentane

*

BENZE

benzene

*

CYHEXA

cyclohexane

*

HEXA2M

2-methylhexane

*

PEN23M

2,3-dimethylpentane

*

HEXA3M

3-methylhexane

*

PA224M

2,2,4-trimethylpentane

*

N_HEPT

n-

heptane

*

MECYHX

methylcyclohexane

*

PA234M

2,3,4-trimethylpentane

1

:   Species with '*' before them are used as fitting species in CMB calculations.
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P_ETOL

p-

ethyltoluene
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N_PENT

n-pentane

O_ETOL

o-

ethyltoluene
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c-2-pentene

BZ123M

1,2,3-trimethylbenzene

B2E2M

2-methyl-2-butene

DETBZ1

m-

diethylbenzene

*

BU22DM

2,2-dimethylbutane

DETBZ2

p-

diethylbenzene

CPENTE

cyclopentene

*

N_UNDE

n-undecane

P1E4ME

4-methyl-1-pentene

UNID

Unidentified

*

CPENTA

cyclopentane

*

BU23DM

2,3-dimethylbutane

*

PENA2M

2-methylpentane

*

PENA3M

3-methylpentane

P1E2ME

2-methyl-1-pentene

*

N_HEX

n-hexane

T2HEXE

t-2-Hexene

C2HEXE

c-2-hexene

*

MCYPNA

Methylcyclopentane

*

PEN24M

2,4-dimethylpentane

*

BENZE

benzene

*

CYHEXA

cyclohexane

*

HEXA2M

2-methylhexane

*

PEN23M

2,3-dimethylpentane

*

HEXA3M

3-methylhexane

*

PA224M

2,2,4-trimethylpentane

*

N_HEPT

n-

heptane

*

MECYHX

methylcyclohexane

*

PA234M

2,3,4-trimethylpentane

1

:   Species with '*' before them are used as fitting species in CMB calculations.
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Names
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Names







NMHC







 total non-methane hydrocarbon







*







TOLUE







toluene







*







ETHANE







ethane







*







HEP2ME







2-methylheptane







ETHENE







ethene







*







HEP3ME







3-methylheptane







*







ACETYL







acetylene







*







N_OCT







n-octane







LBUT1E







1-butene







ETBZ







ethylbenzene







LIBUTE







isobutylene







MP_XYL







mp-xylene







PROPE







Propene







STYR







styrene







*







N_PROP







n-propane







O_XYL







o-xylene







*







I_BUTA







isobutane







*







N_NON







n-nonane







*







N_BUTA







n-butane







IPRBZ







isopropylbenzene







T2BUTE







t-2-Butene







N_PRBZ







n-propylbenzene







C2BUTE







c-2-butene







M_ETOL







m-ethyltoluene







*







IPENTA







isopentane







P_ETOL







p-ethyltoluene







PENTE1







1-pentene







BZ135M







1,3,5-trimethylbenzene







*







N_PENT







n-pentane







O_ETOL







o-ethyltoluene







*







I_PREN







isoprene







BZ124M







1,2,4-trimethylbenzene







T2PENE







t-2-Pentene







*







N_DEC







n-decane







C2PENE







c-2-pentene







BZ123M







1,2,3-trimethylbenzene







B2E2M







2-methyl-2-butene







DETBZ1







m-diethylbenzene







*







BU22DM







2,2-dimethylbutane







DETBZ2







p-diethylbenzene







CPENTE







cyclopentene







*







N_UNDE







n-undecane







P1E4ME







4-methyl-1-pentene















UNID







Unidentified











*







CPENTA







cyclopentane







*







BU23DM







2,3-dimethylbutane







*







PENA2M







2-methylpentane







*







PENA3M







3-methylpentane







P1E2ME







2-methyl-1-pentene







*







N_HEX







n-hexane







T2HEXE







t-2-Hexene







C2HEXE







c-2-hexene







*







MCYPNA







Methylcyclopentane







*







PEN24M







2,4-dimethylpentane







*







BENZE







benzene







*







CYHEXA







cyclohexane







*







HEXA2M







2-methylhexane







*







PEN23M







2,3-dimethylpentane







*







HEXA3M







3-methylhexane







*







PA224M







2,2,4-trimethylpentane







*







N_HEPT







n-heptane







*







MECYHX







methylcyclohexane







*







PA234M







2,3,4-trimethylpentane







1







:   Species with '*' before them are used as fitting species in CMB calculations.
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PAMS Sites in NARSTO-Northeast Study Area







 State







Measurement Method







Frequency of VOC Measurements







   Site







Type of Site







Hydrocarbons







Carbonyl 







Compounds







Hydrocarbons







Carbonyl 







Compounds







 Conneticut







   E. Hartford







2







Auto-GC







DNPH/HPLC







a







   Stafford







3







Auto-GC







 Maine







   Cape Elizabeth







3







Auto-GC







   Kittery







2







Auto-GC







DNPH/HPLC







e







 Massechusettes







   Lynn







2







Auto-GC







DNPH/HPLC







c







   Newbury







3







Auto-GC







   Chicopee







2







Auto-GC







DNPH/HPLC







c







   Ware (Quabbin Summit)







3







Auto-GC







   Agawam







1







Canister/GC-FID







d







   Borderland







1,3







Canister/GC-FID







d







 Rhode Island







   E. Providence







2







Canister/GC-FID







DNPH/HPLC







e,f







c







 New Jersey







   Rider College







3







Auto-GC







 New York







   Bronx







2







Auto-GC







DNPH/HPLC







c







 Pennsylvania







   Philadelphia







2







Canister/GC-FID







DNPH/HPLC







e







c







 Delaware







   Lums Pond State Park







1,4







Auto-GC







 Maryland







   Lake Chifton







2







Both







DNPH/HPLC







g







c







   Fort Meade







1,3







Canister/GC-FID







d







   Aldino







3







Canister/GC-FID







d







 District of Columbia







   Washington







2







Auto-GC







DNPH/HPLC







c







 Virginia







   Corbin







1







Canister/GC-FID







d,g







Type 1 - Upwind background.







   







Type 2 - Maximum precursor emissions (typically located immediately downwind of the central business district).







Type 3 - Maximum ozone concentration.







Type 4 - Extreme downwind transported ozone area that may contribute to overwhelming transport in other areas.







a - Cartridges collected every third day (four 3-hr samples from 0600 to 1800 EDT and two 6-hr samples from 1800 to 0600 EDT).







b - Cartridges collected every third day (eight 3-hr samples).







c - Cartridges collected every day (eight 3-hr samples).







d - Canisters collected every third day (eight 3-hr samples).







e - Canisters collected every day (eight 3-hr samples).







f -  All the samples are analyzed with GC/FID and GC/MS.







g - Canister collected every sixth day (24-hr samples).












