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1. OVERVIEW
In accordance with the 1990 Clean Air Act Amendments, the U.S. Environmental Protection
Agency (EPA) initiated the Photochemical Assessment Monitoring Stations (PAMS) program for serious,
severe, and extreme ozone nonattainment areas. The PAMS networks monitor for about 55 volatile organic
compounds (VOCs), ozone, oxides of nitrogen, and meteorological measurements. The PAMS networks
were designed to provide data for the assessment of population exposure, ozone formation, and evaluation
of ozone control strategies. The Mid-Atlantic Regional Air Management Association (MARAMA) is
sponsoring research into the importance of mobile source emissions in the region. MARAMA is an
interstate association of air quality control divisions in the Mid-Atlantic States. The member entities are
comprised of the Allegheny County Health Department Air Quality Program, Delaware Air Quality
Management Section, District of Columbia Air Resources Management Division, Maryland Air and
Radiation Management Administration, New Jersey Office of Air Quality Management, North Carolina
Division of Air Quality, Pennsylvania Bureau of Air Quality, Philadelphia Air Management Services, and
Virginia Department of Environmental Quality Air Division. Table 1-1 lists the PAMS (and PAMS-like)
sites in the Mid-Atlantic Region that were validated in this project.
State and local air pollution control agencies operate the PAMS sites. The monitoring and
laboratory personnel involved with the PAMS program work very hard to collect, process, and deliver good
quality data in a timely fashion. We have found, however, that the VOC data submitted to AIRS still may
contain errors, including peak misidentification, reporting errors, and contamination (e.g., Main and Haste,
1997), which can cause serious errors in subsequent data analysis and modeling results. Thus, the first step
in performing data analyses with the PAMS VOC data is to assess the data quality.
The objectives of this task are to perform Level 1 data validation of the PAMS data collected in the
Mid-Atlantic Region. The validated data will then be used in analyses to assess the importance of mobile
sources in the region. In order to minimize unnecessary errors and uncertainties, all values in the data set
need to be reviewed, evaluated, and flagged. In Level 1 validation, the observations are quantitatively and
qualitatively reviewed for accuracy, completeness, and internal consistency. Measurements are compared
for external consistency against other independent data sets (Level 2 - e.g., comparing 24-hr concentrations
from the toxics database with 24-hr averaged concentrations from the PAMS network, etc.) and the
evaluation of the data is continued as part of the data interpretation process (Level 3) (Main et al., 1997).
Table 1-1 lists the PAMS VOC data that were validated as a part of this effort. We obtained data
from the EPA's Aerometric Information Retrieval System (AIRS); the 1995 NARSTO-Northeast data
previously validated by STI (e.g., Stoeckenius et al., 1998); and the 1995-1997 North Carolina data
validated by STI (Roberts et al., 1998). We also have available validated data from 1994 at Philadelphia
and Washington D.C. (from Main et al., 1998a); these data were used in selected analyses.
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Table 1-1. Available VOC data for PAMS and PAMS-like sites in the Mid-Atlantic Region
(v=validated).
Site
Rider College, NJ
New Brunswick, NJ
Camden, NJ
Philadelphia, PA
Arendtsville, PA
Lums Pond, DE
Essex, MD
Baltimore (Lake Clifton), MD6
Fort Meade, MD
Aldino, MD
Washington (McMillan Reservoir), DC
Corbin, VA
North Carolina

AIRS Code
340210005
340230011
340070003
421010004
420010001
100031007
240053001
245100050
240030019
240259001
110010043
510330001
various

Dur.
1-hr
1-hr
1-hr
3-hr
1-hr
1-hr
3-hr
1-hr
3-hr
3-hr
1-hr
3-hr
3-hr

1995
v1

1996
v4
v4

v1,2
v1
v1

v2
v5
v4
v4
v4
v4
v4
v2
v4
v3

v1
v1
v1
v1,2
v1
v3

1997
v4
v4
v4
v4
v5
v4
v4
No
v4
v4
v4
v4
v3

1

= Obtained from the Coordinating Research Council data validation task (e.g., Main and Haste, 1997 – subcontract to
ENVIRON)
2
= Obtained from EPA Office of Mobile Sources trend analysis (Main et al., 1998a)
3
= Obtained from the North Carolina Department of Environment, Health, and Natural Resources (Roberts et al.,
1998)
4
= Obtained from EPA AIRS
5
= Obtained from reporting agency; data had not yet been submitted to AIRS
6
= The Lake Clifton site did not operate in 1997; the VOC measurements were moved to the Living Classroom site and data
were reported beginning in 1998.
No = No VOC data collected.

The remainder of this report includes a discussion of our approach to data validation (Section 2);
the general data validation results (Section 3); data completeness (Section 4); data validation results for
individual sites (section 5); conclusions (Section 6); references (Section 7); and a list of all suspect and
invalid samples (Appendix A).
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2. APPROACH
We performed the following data validation tasks to yield a better quality database: determine the
completeness of the data, perform graphical and statistical reviews of the data (including time-series plots,
scatter plots, fingerprint plots, box plots), and compare speciation to other urban area data. Preliminary
statistical reviews of the data are useful as a part of the quality control (QC) process. We use custom
software (VOCDat) for efficient, effective, and thorough validation and exploration of hydrocarbon and
carbonyl data.
As a part of the NARSTO-Northeast study, STI developed VOCDat, a Windows-based, menudriven program. VOCDat allows the analyst to display the VOC data collected with automatic gas
chromatograph (auto-GC) and canister systems as a part of the PAMS network, to perform QC tasks on the
data, and to begin data analysis (Main et al., 1996a, 1998b). The 1-hr and 3-hr concentrations of the PAMS
target species may be displayed by VOCDat in three ways: scatter plots, fingerprint plots, and time series
plots. Using scatter plots, the relationship between species at one site or at a number of sites may be
investigated. Fingerprint plots show the concentration of each species in a sample (in chromatographic
order) and help to identify unique characteristics of the samples. Time series plots show the concentrations
of species in a sample over a specified time period and are useful in showing the diurnal behavior of a
species.
VOCDat also computes concentrations for species groups including the sum of the PAMS target
species, unidentified hydrocarbons, aromatic hydrocarbons, olefins, paraffins, and carbonyl compounds and
contains customizable screening checks to facilitate data validation. The weight percent of the total
nonmethane hydrocarbon [NMHC – reported to AIRS as total nonmethane organic compounds (TNMOC)]
may also be computed and displayed in the same manner as the concentration data. Additionally,
concentration or weight percent data may be multiplied by the maximum incremental reactivity (MIR)
scale developed by Carter (1994). The MIR scale provides an estimate of moles ozone formed per mole
carbon of each organic species measured, where the ozone formation estimates are intended to be used in a
relative rather than absolute manner. This scale is useful in data validation and analysis because a species
that is present in relatively low concentration may be very reactive; the MIR-weighted data may indicate
that this low concentration species is important. This software has been provided at no cost to local, state,
and regional agencies throughout the United States for use in preparing their PAMS VOC data for
submittal to EPA’s AIRS database.
Data validation, when done well, is labor-intensive. To validate a data set, we inspect a time series
plot of every species, prepare numerous scatter plots and scatter plot matrices, inspect the fingerprint plot
of every sample and compute and review the summary statistics by site, month, time of day, and day of
week. We also contact the reporting agencies or monitoring people to track down possible explanations for
unusual features in the data. We believe this process is necessary to identify problematic data, help the
regions to improve their data collection and reporting, and prepare a robust database for analysis.
Our approach is not to invalidate data, but rather to flag data as suspect that does not meet our
conceptual model of ambient hydrocarbon data. For example, specific investigations include:

•

Scatter plots of benzene and acetylene, propane and ethane, i-butane and n-butane, i-pentane and npentane, 2-methylpentane and 3-methylpentane, the xylene isomers (these species typically
correlate well); benzene and toluene (toluene is typically greater than benzene and these species
generally correlate well); toluene and 2-methylheptane (sometimes these species are misidentified);
and every hydrocarbon and species group with the total NMHC (looking for gross outliers).

•

Time series plots of every hydrocarbon (looking for diurnal variations, high and low values,
relationships to other hydrocarbons).

Our strategy is to flag entire samples when we identify a problem with two or more of the most
abundant species (e.g., toluene, i-pentane, n-pentane, i-butane, n-butane, benzene, acetylene, ethane,
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xylenes, ethene). We also flag samples when only one hydrocarbon has been identified as problematic if
that hydrocarbon represents a significant portion of the total NMHC (e.g., more than 20 percent).
Individual species are flagged as suspect when there are problems noted, but the concentration of the
hydrocarbon is low compared to other species in the sample. Data are flagged that do not fit our conceptual
model of ambient VOC concentrations and relationships. In some cases, the samples may have an
analytical error that needs to be corrected, a sampling problem that was inadvertently missed, or may just
appear odd. Upon review of the data by the reporting agencies, some suspect data may be deemed invalid,
some data may be reprocessed and re-reported by the agency, and other data may remain suspect (cause
unknown). These latter samples remain flagged in our working database and in this report for the attention
of data analysts.
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3. VALIDATION RESULTS
In this validation effort, we identified several potential analytical issues in an earlier draft report.
These problems were reported to the appropriate monitoring agencies for their review, and the agencies
subsequently addressed the problems. This section documents the types of problems we identified in the
data. Data collection and laboratory analyses have been a learning experience for all parties involved.
Since many of the data problems could apply to nearly any site (and have subsequently been addressed), we
have removed the site names from the examples to save monitoring agency personnel from any unintended
embarrassment. Our observations and examples of problems are summarized as follows:

•

Calibration gas carryover. When high concentration calibration gases are used undiluted, some of
the higher carbon number hydrocarbons can take several hours to fully elute from the column.
This problem typically affected n-decane, 1,2,3-trimethylbenzene, and n-undecane. The heavier
species are components of diesel exhaust, thus, having correct concentration data for these species
is important in source apportionment. Figure 3-1 shows an example of two incidences of possible
calibration gas carryover. The pattern is easy to detect – note that the hour preceding the high
concentrations of undecane, for example, is blank probably indicating a calibration run. The
concentrations start high and then tail off. Toluene is shown in the figure as a contrast (it is not
affected by the calibration run). To invalidate the decane and undecane data (rather than set their
QC flag to suspect), the laboratory needs to verify that a calibration was performed during the
hour(s) prior.

Figure 3-1. Example of calibration gas carryover affecting decane (ndec) and
undecane (nundc) data. The arrows denote the beginning of “tailing off” of
decane and undecane concentrations. The topmost line is toluene (tolu), added
to show typical behavior.

•

Peak misidentification (e.g., see Figure 3-2). Misidentified species included
toluene/2-methylheptane/3-methylheptane, isopentane/cyclopentane, and
2-methylpentane/3-methylpentane. The samples reported with misidentification problems should
not be used in most analyses because the NMHC and unidentified totals as well as the
misidentified species concentrations, may be in error. These data would need to be corrected by
the reporting agencies before use in analyses. Since many of the species measured in the PAMS
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program are present in motor vehicle emissions, errors could be made in source apportionment if
these data are used. The misidentifications can be found using time series plots, scatter plots (as
shown in Figure 3-3) and fingerprint plots. When misidentification problems occur, scatter plots
show a scissors-like shape; typical relationships show either a strong correlation (i.e., the data lie
along a line) or a “cone” of data.

Figure 3-2. Example of misidentified peaks involving cyclopentane (cypna),
isopentane (ispna), and n-pentane (npnta). The arrows indicate
possible problems in identifying cyclopentane and isopentane.
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Figure 3-3. Example scatter plot showing problems in identification of cyclopentane (cypna)
and n-pentane (npnta) at the site shown in Figure 3-2. Note the scissors-like shape of
the data. The circled data point concentrations and time/date are shown at the bottom
of the graph.

•

Peak misassignments. In the 1995 and 1996 North Carolina database, we discovered that
camphene and limonene peaks reported by the state (based on an early tentative identification by
the EPA laboratories) were likely in error. Since these species are associated with biogenic
emissions, the apportionment between biogenic and anthropogenic emissions would be in error if
the data were used “as is”. With the concurrence of the North Carolina chemists, the mass
assigned to these two compounds was reassigned to the unidentified portion of the NMHC.

•

Samples with possible operating problems. Cold trap or GC column failures were observed. Cold
trap temperature problems may be identified by low ethane concentrations compared to benzene, a
key tracer for motor vehicle exhaust. A GC column failure may result in the reporting of only the
C4+ hydrocarbons and, thus, a critical tracer for motor vehicle exhaust, acetylene, would be
missing. Once confirmed with the operating personnel, these data should be invalidated.
Meanwhile, these samples should probably not be used in analyses.

•

Contamination. Samples with potential contamination problems (e.g., nearby gasoline spill during
a tractor refueling at a rural site) were set to suspect. Once the source of contamination is
confirmed, the data can be invalidated. Figure 3-4 shows the gasoline spill data as seen in a time
series plot and in a typical fingerprint plot. The fingerprint plot displays the concentrations of each
species as identified by a number. The key to the species list is overlaid on the figure.
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Acetylene
Ethylene
Ethane
Propylene
Propane
Isobutane
1-Butene
n-Butane
trans-2-Butene
cis-2-Butene
3-Methyl-1-Butene
Isopentane
1-Pentene
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
n-Hexane
trans-2-Hexene
cis-2-Hexene
Methylcyclopentane
2,4-Dimethylpentane
Benzene
Cyclohexane

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane
2,2,4-Trimethylpentane
n-Heptane
Methylcyclohexane
2,3,4-Trimethylpentane
Toluene
2-Methylheptane
3-Methylheptane
n-Octane
Ethylbenzene
m/p-Xylene
m-Xylene
p-Xylene
Styrene
o-Xylene
n-Nonane
Isopropylbenzene
n-Propylbenzene
alpha-Pinene
1,3,5-Trimethylbenzene
1,2,4-Trimethylbenzene
beta-Pinene
o-Ethyltoluene
m-Ethyltoluene
p-Ethyltoluene
m-diethylbenzene
p-diethylbenzene
1,2,3-trimethylbenzene
n-Decane
n-Undecane

Figure 3-4. Example of gasoline contamination from a nearby spill at a rural site during
September 1995 (time series plot top, fingerprint plot bottom). An operator
noted a spill while a tractor was refueled nearby. (Main et al., 1996b)

•

Sum of identified species concentrations exceeds reported total NMHC. After discussions with site
operators and regional analysts across the United States, it was noted that many of the states only
reported the NMHC as the sum of the target species. In these cases, the individual species
concentrations are acceptable for use, however, the NMHC, and thus the weight percent of the
species, should not be used. These data would have limited usefulness in comparison to the
emission inventory because the weight percents (i.e., individual species divided by the NMHC)
could not be computed unless the sum of non-PAMS target species is known and can be added to
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the database. Additionally, when the difference was very large (e.g., more than 5 ppbC), this
problem with the data indicates that there may be an error in data entry for one or more species or
for the NMHC. Since the specific error cannot be identified, these data should not be used in
analyses.

•

High or low concentration outliers. Normally abundant species were set to suspect when they were
present in low concentrations in samples that had high concentrations of other species or when the
concentrations of the species during surrounding hours were significantly higher (all sites).
Conversely, species that were typically present near the detection limit and that were suddenly
present in large quantities were also set to suspect. If several species, or the total NMHC of the
sample, appeared anomalous compared to other data, the entire sample was set to suspect. These
data should only be used on a case study basis, such as an investigation of potential sources
impacting the site, and should probably not be included in the overall averages.

Chemists who have analyzed ambient air for hydrocarbons agree that there can be many
interferences in the system that can lead to peak misidentification or peak misassignment. Moisture in the
sample, cold trap temperature fluctuation, column media decay, temperature variation, etc., can contribute
to problems in properly identifying a particular hydrocarbon. Oxygenated hydrocarbons are particularly
troublesome as they can be present in large quantities and can coelute with many important PAMS target
compounds. The use of a Nafion dryer can reduce, but not always eliminate, the oxygenate interference.
Many of the problems we noted in our validation steps may stem from these types of analytical issues.
Appendix A of this report contains a list of all suspect and invalid samples in the data at each site.
We also document the flagged data that were subsequently revised and resubmitted to AIRS. This list will
be useful in later analyses as a check that the updated data files are being used in the analysis. The tables
document the QC code changes that were made to the data in preparation for analysis. The tables provide
information to the data analyst regarding species and samples of concern.
In summary, it is extremely important to properly validate the PAMS database, particularly the
hydrocarbon data, prior to data analysis. Many of the problems that we have identified could affect future
data analysis results, including an investigation into the importance of motor vehicle emissions.
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4. DATA COMPLETENESS
We computed the completeness of the data by calculating the percentage of valid samples from all
possible values (Table 4-1). We assumed that the total number of possible observations was equal to the
total number of sampling days from June through August multiplied by the number of scheduled samples
per day. If a site did not begin operation until later in the season, we started the count of sampling days on
the first day of operation. We then assumed that every day was a sampling day except at Fort Meade,
Aldino, and Corbin where every third day was a sampling day. The number of scheduled samples per day
was assumed to be 24 for the 1-hr collection intervals and eight for the 3-hr collection intervals. Note that
this does not take into account the scheduled calibration runs, blank runs, or other routine maintenance
shutdowns; we could not discern the schedule from the data. For the North Carolina sites, we assumed that
the actual number of samples collected was the total number of samples scheduled as we had no way of
estimating this value for 1997 (samples were collected on an episode basis only). In addition, only one
sample was collected per day at each site.
Table 4-1. Available and valid samples (n) collected and the percent data completeness (%)a.
1995
Site
Rider College, NJg
New Brunswick, NJg
Camden, NJg
Philadelphia, PA
Arendtsville, PAg
Lums Pond, DEg
Essex, MD
Baltimore (Lake Clifton),
MD
Fort Meade, MD
Aldino, MD
Washington (McMillan
Reservoir), DCg
Corbin, VAg,h
North Carolina

1996

3-hr
3-hr

147
213

92
89

188
225

78
94

1997
n
%
2080
94
1971
89
1729
78
435
80f
1531
69
1994
90
1974
89
No Data
Collected
163
68
232
97

1-hr

2057

93

1386

63

1826

83

3-hr
3-hr

260
357

80
82d

222
356

96
84d

175
217

82
99d

Dur.
1-hr
1-hr
1-hr
3-hr
1-hr
1-hr
3-hr

n
2094

%
95

n
1872
1772

%
85
80

710c
372b
1890

96
53
86

703
1234
1832
1829

96
56
83
83

1-hr

1904

86

2061

93

e

a

= Assumes 2208 samples for hourly, daily collection; 736 samples for 3-hr daily collection; and 240 samples for 3-hr every third
day collection (June 1 through August 31).
b
= Based on 696 possible samples beginning August 3, 1995.
c
= All o-xylene data are invalid.
d
= Based on available samples.
e
= Based on 160 possible samples beginning July 2, 1995.
f
= Based on 544 possible samples beginning June 24, 1997.
g
= Revised since draft report.
h
= 1995 assumes 327 samples; 1996 assumes 232 samples; 1997 assumes 213 samples.

A few observations that can be made from this table include the following:

•

The low percent completeness at Philadelphia in 1997 reflects several data gaps in July; the site
began operation on June 24.

•

Data gaps at Fort Meade in 1995 and 1997 reduced data availability compared to 1996.

•

At McMillan Reservoir, data gaps in June 1996 and August 1997 reduced the availability
compared to 1995.

•

At Arendtsville, the sampler was installed and operated beginning in August; thus the availability
of data is low for 1995. There were several data gaps in 1996 and 1997 that affected the overall
number of available samples.
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•

The Corbin, VA data have been reprocessed and resubmitted to AIRS since the draft report and
showed great improvement in data capture.
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5. RESULTS FOR INDIVIDUAL SITES
The tables in Appendix A list all samples we identified as suspect or invalid and provide the reason
for the QC code change. The site operators subsequently reviewed these tables and the data were
corrected, problems confirmed, or the data were designated as having no analytical problem. Samples that
we flagged but that were deemed okay by the reporting agencies should be considered by analysts in their
analyses. This section summarizes findings for the various sites including information useful to monitoring
personnel regarding analytical issues and to data analysts regarding observations of unusual features in the
data.
5.1

RIDER COLLEGE, NEW JERSEY

The data collected at Rider College showed excellent quality overall with few samples flagged.
Specific issues that were investigated and addressed by the monitoring agency included:

•

Calibration gas carryover affected many samples in 1996.

•

Peak misidentification issues appear to have affected cyclopentane, n-pentane, isopentane, 2methylpentane, and 3-methylpentane in 1996 and cyclopentane, toluene, and 2-methylheptane in
1997.

•

In June 1996, the concentrations of species in the C4 to C5 range appeared to be low.

•

Acetylene concentrations in 1996 were relatively low compared to other species and other years.
Most of the affected samples were revised and resubmitted.

5.2

NEW BRUNSWICK, NEW JERSEY

The New Brunswick site was established in 1996. Features from this data set include the
following:

•

Calibration gas carryover affected the undecane concentrations in a few samples in both 1996 and
1997.

•

In 1997, many of the samples had relatively low concentrations in the mid-range of the
chromatograph (e.g., C4-C6 species).

•

In 1996, the 2,2-dimethylbutane concentrations were typically high during the daytime thus
showing the opposite diurnal profile exhibited by 2,3-dimethylbutane, 2-methylpentane, and 3methylpentane (see Figure 5-1).

•

Toluene concentrations were very high at this site during both years, indicating a possible nearby
source.
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Figure 5-1. Example of the diurnal profiles exhibited by 2,2-dimethylbutane,
2,3-dimethylbutane, and 2-methylpentane in August 1996 at New Brunswick,
NJ. In contrast, during June and July of 1996, the three hydrocarbons exhibited
similar profiles.
5.3

CAMDEN, NEW JERSEY
The Camden site was established in 1997. The following data issues were noted during validation:

•

Acetylene concentrations were low in this data set compared to other abundant hydrocarbons,
particularly in July and August.

•

There was a large source of propane, n-butane, n-pentane, i-pentane, and cyclopentane that
impacted the site throughout the summer.

•

Many samples had benzene concentrations greater than toluene concentrations; this is unusual and
should be investigated.
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5.4

PHILADELPHIA, PENNSYLVANIA

The data collected in 1996 and 1997 at Philadelphia were of good quality while the 1994 and 1995
data had serious problems:

•

In 1994, many samples had high concentrations of 3-methyl-1-butene, t-2-pentene, and 2-methyl2-butene. In 1995, high concentrations of 1-pentene and c-2-butene were observed. Possible
emission sources of these species should be investigated.

•

In 1995, the o-xylene data had too high of a detection limit (> 3 ppbC) to be of use and should not
be used (see Figure 5-2).

•

In 1995, the sum of the species rather than the TNMOC was reported.

Figure 5-2. Example of high detection limit for o-xylene (oxyl–note line at about
3 ppbC) observed in the 1995 data collected at Philadelphia. The
m-&p-xylenes (m/pxy) data are shown as a contrast.
5.5

ARENDTSVILLE, PENNSYLVANIA

The Arendtsville site was established full-time in August 1995. These data have not yet been
submitted to AIRS; we obtained the data directly from the state of Pennsylvania. These data had been
validated by the reporting agency; we documented their data flags. Issues to note for this data set include:

•

The 2-methyl-1-pentene concentrations in 1996 were invalidated by the reporting agency as system
peaks.
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•

5.6

All calibration runs and incidences of calibration gas carryover were properly flagged by the
reporting agency.
LUMS POND, DELAWARE

At Lums Pond we did not flag high concentrations of propane and propene that were associated
with winds from the 60 to 90 degree sector (see Figure 5-3). An industrial complex is located near the site
at a direction of 50 to 100 degrees (zero degrees is due north) that reports significant VOC emissions.
Thus, these elevated concentrations are likely representative of real emissions impacting the site.

Figure 5-3. Wind direction dependence of high propane and propene concentrations at
Lums Pond during 1996.
5.7

ESSEX, MARYLAND

Essex was established in 1996 and essentially replaces Lake Clifton as the Baltimore Type II
PAMS site. Data issues observed at this site include:

•

Concentrations of 1,2,4-trimethylbenzene were very high during some time periods including July
12-13, 1996 and July 15-20, 1996.

•

The concentrations of most hydrocarbons have a reported minimum of 0 ppbC. However, during
1997 the “baseline” 1,2,4-trimethylbenzene concentration was about 2 ppbC. This was particularly
evident when the 1,2,4-trimethylbenzene was compared to 1,3,5-trimethylbenzene and
ethylbenzene (Figure 5-4).
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Figure 5-4.

Example of higher “baseline” concentrations of 1,2,4-trimethylbenzene
(124tmb) compared to other aromatic hydrocarbons at Essex, MD.
Concentrations of ethylbenzene (ebenz) and 1,3,5-trimethylbenzene (135tmb)
are shown as a contrast.

•

Several samples exhibited high concentrations of heavier compounds (e.g., C7+). These samples
also had the odd, but consistent, feature that p-ethyltoluene concentrations were zero. We flagged
these samples and possible emission sources should be investigated.

•

In 1996, the scatter plot of isopentane versus n-pentane had some odd features that warrant
investigation. For example, during August 26-31, and for several other daily peak concentration
periods, the n-pentane concentrations greatly exceeded the isopentane concentrations; typically,
isopentane is much more abundant than n-pentane (Figure 5-5). Also, during July 15-22, the
isopentane concentrations were much higher than n-pentane concentrations.
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Figure 5-5.

•

5.8

Example patterns in n-pentane (npnta) and isopentane (ispna) concentrations that
appeared odd at Essex, MD. Note that for the July 19-22 time period, the isopentane
concentrations were much higher than the n-pentane concentrations. Midday on July
22, the concentrations of the two species were more similar. Note that the peak
concentration of n-pentane on July 24 was higher than isopentane.

In June and July 1997, there were several hours with high concentrations of n-butane and propane
that should be investigated.
BALTIMORE (LAKE CLIFTON), MARYLAND

No VOC data were collected at Lake Clifton in 1997. Data quality at this site is good with the
following issues that should be investigated:

•

Possible misidentification issues appear to have affected 1,2,4-trimethylbenzene, toluene, o-xylene,
styrene, and n-nonane in 1995 and cyclopentane and 2,2-dimethylbutane in 1996.
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•

The c-2-butene concentrations showed many problems including higher concentrations in June
than later in the summer and very erratic time series behavior compared to other species in 1996
(Figure 5-6).

Figure 5-6. Time series plot of c-2-butene at Lake Clifton for the summer of 1996. Note the large drop in
concentration at the beginning of July. Daily diurnal profiles showed many zero concentration
hours with other hours well above 1 ppbC.

•

We have typically found that isomers tend to correlate well with one another. In the case of p-, o-,
and m-ethyltoluenes, the p- and o-ethyltoluene concentrations were typically high together when
m-ethyltoluene concentrations were below detection (see Figure 5-7).
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“okay”

Odd

Figure 5-7. Example of “odd” and “okay” diurnal behavior of ethyltoluene isomers at
Lake Clifton in 1996.
5.9

FORT MEADE, MARYLAND

Many of the issues noted for 1995 and 1996 data did not appear in the 1997 data. It is likely that
changes in analytical procedures, rather than real emission changes, caused the change in the data. Because
many of the problems at this site were so similar to those at Aldino, we suspect that the following issues
may be analytical rather than due to real ambient data:

•

Possible peak misidentification issues appeared to affect c-2-butene, 1-butene, cyclopentane, 2methyl-1-pentene, and o-ethyltoluene in 1995 and c-2-butene, 2-methylpentane, 3-methylpentane,
2-methyl-1-pentene, 2,3-dimethylbutane, methylcyclohexane, and n-heptane in 1996. In 1997, t-2butene concentrations were unusual.

•

The o-xylene concentrations were often greater than the sum of m-&p-xylenes in 1995. This is
unusual and should be investigated.

•

High concentrations of n-pentane in many samples during 1995 and 1996 may indicate a source of
this hydrocarbon (see Figure 5-8). In 1997, isopentane concentrations were high in several
samples instead of n-pentane, as seen in previous years.
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Figure 5-8. Examples of scatter plots of n-pentane and isopentane versus total NMHC
(TNMOC in the figure) at Fort Meade in 1996. The isopentane data show typical
behavior while the n-pentane data show a second group of high concentration
“outliers” (circled).
5.10

ALDINO, MARYLAND

Because many of the problems at Aldino were so similar to those at Fort Meade, we suspect that
the following issues may be analytical rather than due to real ambient data:

•

Possible peak misidentification issues appeared to affect c-2-butene, 1-butene, cyclopentane, and
2-methyl-1-pentene in 1995 and c-2-butene, 2-methylpentane, 3-methylpentane, 2-methyl-1pentene, 2,3-dimethylbutane, methylcyclohexane, and n-heptane in 1996.

•

The o-xylene concentrations were often greater than the sum of m-&p-xylenes in 1995 (see Figure
5-9). In addition, concentrations of 1,2,4-trimethylbenzene were also high when o-xylene
concentrations were high. A possible analytical cause should be dismissed before we assume that a
source is impacting the site.

•

High concentrations of n-pentane in several samples during 1995 may indicate a source of this
hydrocarbon. In 1996, the concentrations of this hydrocarbon were low. Were these changes
attributable to real changes in emissions or due to analytical issues?
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Figure 5-9. Example scatter plot of o-xylene versus m-&p-xylenes at Aldino in 1995.
There were many samples in which o-xylene concentrations exceeded the sum of
the m-&p-xylenes. The o-xylene and m-&p-xylenes concentrations for the circled
data point are provided in the status bar at the bottom of the figure.
5.11

CORBIN, VIRGINIA

The reporting agency addressed reported zero concentrations of abundant species by changing key
chromatograph processing parameters. Other items of interest to data analysts include:

•

In 1995, the total NMHC was reported as the sum of the identified peaks. In 1997, the NMHC was
not reported for several samples.

•

In 1995 and 1996, n-propylbenzene concentrations were relatively high and should be investigated.

•

In 1997, the species styrene and 2-methyl-1-pentene concentrations were high and should be
investigated.
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5.12

MCMILLAN RESERVOIR (WASHINGTON, D.C.)

Other than data gaps, data from McMillan Reservoir were of good quality. The laboratory
addressed and corrected peak misidentification issues, calibration gas carryover, and column contamination
affecting the concentrations of m-diethylbenzene (see Figure 5-10).

Typical

Contamination

Missing
Data

Figure 5-10. Example of m-diethylbenzene contamination at McMillan Reservoir in
August 1997.
5.13

NORTH CAROLINA

The data quality improved significantly in 1997 from the previous years. Only morning samples
were collected in 1995 and 1996. In 1997, three sites had afternoon only samples while the rest remained
with morning only samples. The following data quality issues were identified at the North Carolina sites:

•

Possible peak misidentification issues appeared to affect toluene, 2-methylheptane, 2,3,4trimethylpentane, cyclopentane, and isopentane in 1995 and 1996.
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•

Low concentrations of typically abundant species were observed in 1995 (propane), in 1996
(isobutane, n-butane, n-pentane), and in 1997 (n-pentane) that may indicate possible peak
identification problems.

•

High concentrations of unidentified, styrene, 2-methyl-1-pentene, 1,2,4-trimethylbenzene, and
undecane were observed in 1995 and 1996.
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6. CONCLUSIONS
The objective of this task was to perform Level 1 data validation on the PAMS data collected in the
Mid-Atlantic Region so that the validated data can be used in analyses to assess the importance of mobile
sources in the region. This report documents the data quality, summarizes the problems that were observed
in the data, and lists the samples that were flagged as suspect and invalid. The monitoring agencies
subsequently reviewed our comments and in many cases revised their data. The revised data are to be
submitted to AIRS. Since these resubmitted data were not going to be available in the time frame planned
for completion of the data analysis, we plan to proceed with the data we have. We will not be using the
flagged data in most analyses. The next question to address is: How will the existence of the flagged data
affect the data analyses planned in the next step of the project?
The first step in answering this question is to assess the types of analyses that are planned and to
identify the most important VOC's in the analysis (Table 6-1). For example, when we assess the relative
age of an air mass in an analysis of ozone formation and transport, we need good quality toluene, benzene,
xylene, and other species data available in the morning and afternoon. While it is certainly important that
the entire database be of good quality, there are sometimes a few hydrocarbons or species groups that play
a more important role than others in a particular analysis.
The second step is to address how the data validation results might affect the planned data analyses
(Table 6-2). In general, the data from all but the Corbin, Virginia site can be used for most analyses
(revised data will not be available soon enough). There are a few analyses that should not be performed
with the existing data. Data from Camden, for example, are not useful for a trend analysis since only one
year of data is available. Similarly, the data collected at Philadelphia, Fort Meade, Aldino, and North
Carolina are less useful in an assessment of diurnal variations than data from other sites because of the 3-hr
duration of the samples. Comparisons among different time periods or episodes may be less meaningful at
Aldino and Fort Meade because of the infrequency of sampling (i.e., every third day).
We have also noted features of the data that should be considered when performing the analysis.
For example, the 1996 Rider College database showed low acetylene and C4-C6 hydrocarbon
concentrations compared to other years; this may reflect analytical differences rather than real emission
changes. Assessment of reactivity may be affected at several sites by the unusual concentrations of
reactive olefins (e.g., c-2-pentene, 3-methyl-1-butene) that were observed. Typically, these species were
present in relatively low concentrations (e.g., less than 5 ppbC); however, their relatively high reactivity
may make them important when compared to other hydrocarbons in the samples. Calibration gas carryover
affected the concentrations of decane and undecane in several samples; this may affect analyses of motor
vehicle related hydrocarbons and the determination of the abundant species.
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Table 6-1. Planned VOC data analyses and the VOC data that are important to them.
Analyses
Determine abundant hydrocarbons
Compare fingerprints
Assess trends in mobile source components
Monthly comparisons
Day of week, weekday/weekend comparisons
Diurnal patterns
Reactivity-weighted investigations
Relative age of air mass
Relationship among hydrocarbons, and among air
quality and meteorological parameters
Episodic analyses

Important VOC data
Typically abundant hydrocarbons (e.g., toluene,
benzene, pentanes, butanes, acetylene, xylenes,
ethane, propane)
Complete samples
Motor vehicle emission tracers (e.g., benzene, nbutane, xylenes, toluene, i-pentane, acetylene) and
NMHC (for weight percent computation)
Adequate data completeness for June, July, and
August (few sites report the complete month of
September)
Adequate distribution of data by day of week (a
factor with the data collected every third day)
Hourly data
Low unidentified percentage (for a meaningful
analysis); good quality reactive hydrocarbons (e.g.,
aromatics, olefins)
More-reactive and less-reactive hydrocarbons for
ratios (e.g., toluene/benzene, ethene/ethane);
morning and afternoon samples
Typically abundant hydrocarbons
Frequency and quality of data on episode days

Note that for many years, potential problems identified in the data may influence the data analysis
results; care will be needed in applying and interpreting these analyses. Based on the information provided
in the tables, the site-years that appear to be most promising include: Rider College 1995 and 1997,
Philadelphia 1996-1997, Arendtsville 1995-1997, Lake Clifton 1996, Fort Meade 1997, Aldino 1997,
McMillan Reservoir 1994-1996, and North Carolina 1997.
The results of this data validation effort indicate that there are sufficient data of good quality to
pursue a wide range of meaningful data analyses. In addition, if resources can be made available to the
monitoring staff in each agency, it is possible that the data quality and data completeness can be further
improved.
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Episodes

Relationships

Age

Reactivity

Diurnal

Comparisons

Trends

Abundant

Site

Rider College, NJ
1995, 1997
1996
New Brunswick, NJ
1996
1997
Camden, NJ
1997
Philadelphia, PA
1994
1995
1996, 1997
Arendtsville, PA
1995-1997
Lums Pond, DE
1995-1997
Essex, MD
1996-1997
Baltimore (Lake Clifton), MD
1995
1996
Fort Meade, MD
1995-1996
1997
Aldino, MD
1995-1996
1997
Washington (McMillan Reservoir)
1994-1997
Corbin, VA
1995-1997
North Carolina
1995-1996
1997

Fingerprints

Table 6-2. Summary of the usefulness of available data by site for analyses listed in Table 6-1.
Adequate data are checked. Footnotes describe caveats to the analysis.
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a = Low acetylene concentrations
b = Unusual concentrations of a reactive species including c-2-pentene, c-2-butene, 3-methyl-1-butene, 2methyl-1-pentene, and 1-butene.
c = Problems with C4-C6 hydrocarbons including low concentration or missing abundant species.
d = NMHC and unidentified data need to be recovered; o-xylene data unusable.
e = Problems with 1,2,4-trimethylbenzene values.
f = Species identification problems involving abundant species.
g = Contamination issues.
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h = Only morning samples available.
i = Limited analysis only.
j = Calibration gas carryover affects decane and undecane.
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APPENDIX A

LIST OF FLAGGED SAMPLES FOR THE
MID-ATLANTIC REGION SITES
1995-1997
(Download MS Excel 97 file called “Appx A tables.xls”)

The MS Excel 97 file called “Appx A tables.xls” contains tables that list the samples and
individual hydrocarbons that were flagged as suspect (S) or invalid (I). Data validation, when done well, is
labor-intensive. To assess the validity of the data, we inspected a time series plot of every species,
prepared numerous scatter plots and scatter plot matrices, including a plot of every species and species
group versus the total NMHC, and inspected the fingerprint plot of every sample. Our strategy is to flag
entire samples when we identify a problem with two or more of the most abundant species (e.g., toluene, ipentane, n-pentane, i-butane, n-butane, benzene, acetylene, ethane, xylenes, ethene). We also flag samples
when only one hydrocarbon has been identified as problematic if that hydrocarbon represents a significant
portion of the total NMHC (e.g., more than 20 percent). Individual species are flagged as suspect when
there are problems noted, but the concentration of the hydrocarbon is low compared to other species in the
sample. Data are flagged that do not fit our conceptual model of ambient VOC concentrations and
relationships. In some cases, the samples may have an analytical error that needs to be corrected, a
sampling problem that was inadvertently missed, or may just appear odd. Upon review of the data by the
reporting agencies, some suspect data may be deemed invalid, some data may be reprocessed and rereported by the agency, and other data may remain suspect (cause unknown). These latter samples remain
flagged in our working database and in this report for the attention of data analysts.
The tables in the appendix are set up as follows:

•

Date = Date of sample(s) flagged

•

Hour (ST) = Begin Hour(s) in standard time of the flagged sample(s)

•

QC = the quality control code of S (suspect) or I (invalid). Invalid flags were typically only
applied by the reporting agencies. For a sample or individual hydrocarbon to be flagged as invalid,
a documented reason needed to be provided (e.g., instrument failure, known contamination, data
not representative of ambient air such as calibration gas, etc.).

•

Record/HC = A designation of the individual hydrocarbon (HC) or the entire sample record
(record) to which the flag applies.

•

No. = The number of samples flagged with the same code and reason (generally for the same date
and used to shorten the list).

•

Comments regarding why samples were flagged.

•

Also included at the bottom of the files are comments for future data analysts that discuss
additional observations of the data that may have a bearing on planned analyses or conclusions
from the data.
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We have provided two tables for the sites for which we have information. One table lists the
samples that we originally flagged but that have subsequently been revised and resubmitted to AIRS. This
table is provided as a check for data analysts who obtain their data from AIRS to ensure that they have the
most up-to-date data file available. The second table lists the samples that we flagged for which no
changes were made by the monitoring laboratory but that from a data analyst’s point of view, do not fit our
conceptual model of ambient hydrocarbon data. We typically recommend that these flagged data not be
used in "over-arching" analyses (such as summary statistics) but be considered on a case study basis.
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