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Abstract

Abstract

The work presented here was completed as part of the Near Road Air Quality Research Pooled Fund,
TPF5(284), under the U.S. Federal Highway Administration (FHWA) Transportation Pooled Fund
Program. The lead agency for TPF5(284) is the Washingon State Department of Transportation.
Other participants include the FHWA and the Arizona, California, Texas, and Virginia Departments of
Transportation. Sonoma Technology, Inc. (STI) provide§ PF5(284) participants with technical,
planning, facilitation, and website support.

Background: The U.S. Environmental Protection Agency (EPA)as mandated air quality monitoring
next to selected major roadways throughout the United States; monitoring began in phases during
201262015 and included nitrogen dioxide (NO ), carbon monoxide (CO), and particulate matter (PM).
The objective of this study was to obtain, summarize, and interpret data from the national near-road
monitoring program. This report is the fir st in a series that will provide a digest of findings from
around the United States and (in subsequent work phases) highlight and examine situations where
relatively high near-road pollutant concentrations have been observed.

Methods: Routine near-road air quality data were collected by monitoring agencies in 2014 and
stored in the EPA®ds Air Quality System (AQS) databas
and conducted a national-scale review of nearroad air pollutant concentrations. The data collected
included NO,, CO, and PM 5 from official near-road monitoring sites. These data were quality
controlled by the air monitoring agency, and in May 2015, they were certified by the states as final.
STI gathered statereported annual average daily traffic (AADT) and fleet mix characteristics of the
major roads associated with each of the official near-road monitoring sites. We then evaluated if and
where high concentrations of NO,, PM, s, and CO occurred, and how concentrations varied by factors
such aslocation, distance to roadway, and traffic volume. We also obtained and assessed NQ and
PM, 5 data from other state - or locally-operated routine monitoring sites that, though not officially in
the EPAmandated near-road measurement program, are within 50 m of major roads.

Results:As of May 2015, sites in 40 of the 41 urban area
mandate reported NO, data to AQS; only Riverside, Californiadata had yet to be reported. Of the 40
areas reporting 2014 data, 29 reported at least three full quarters of NO, data; 13 of the 40 areas also
reported at least three quarters of PM, s data; six other areas reported limited PM, s data. There were
two 1-hr daily maximum NO, concentrations, and five hourly observations total, above 100 ppb;

these values were measured at the George Washington Bridge (GWB) in New York/New Jersey during
August 2014. Sites in Cincinnati and Indianapolis recorded PM s annual averagesgreater than

12 pg/m?3, and sites in Baltimore and Louisville recordedPM, 5 annual averages equal to 12 pg/m®.
There were 15 days in 2014 when neatroad sites measured 24-hr PM, 5 concentrations above

35 pg/m 3. However, none of the sites had a 98" percentile of 24-hr PM, 5 concentrations greater than
35 pg/m?.

Vii
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1. Introduction

The U.S. Environmental Protection Agency (EPAhas mandated air quality monitoring next to major
roadways throughout the United States; monitoring began in phases during 201262015 (U.S.
Environmental Protection Agency, 2010;2012). Monitoring includes nitrogen dioxide (NO,) and at
some sites also includes carbon monoxide (CO), particulate matter (PM), air toxics, and ultrafine
particles (UFP). These data will be used byhe EPAto verify that the National Ambient Air Quality
Standards (NAAQS) are being met in areas where peak pollutant concentrations are expected to
occur within the near-road environment. The EPA and others will also use these datdor research
purposes to evaluate the relationship between near-road pollutant concentrations and traffic
volumes, fleet mix, and travel speeds. In additionto the EPA-mandated near-road monitoring , several
near-road research studies have been completed in recent years in various U.S. cities; during these
studies, near-road air quality data have been collected that represent different geographic locations,
vehicle fleets, time periods, and other variables.Data from monitors collecting routine air quality
measurements within a few hundred meters from a major road offer the opportunity to investigate
the relationship between near-road pollutant concentrations and traffic.

The objective of this study is to obtain, summarize, and interpret data from the national near -road
monitoring program, from other air quality sites n ext to major roadways, and from selected speciat
purpose near-road studies. This report is the first in a series that will provide a digest of findings from
the study for monitoring sites around the United States and (in the next work phase) highlight and
explain situations where relatively high near-road pollutant concentrations have been observed. The
results generated in this work will help Transportation Pooled Fund (TPF) partners understand
measured nearroad concentrations, trends, and conditions that lead to high-concentration events.
This report is for research purposesand should not be used for determining attainment status.
Although the report includes comparisons of ambient data to NAAQS, these comparisons are
included to provide context for the data collected to date; findings are not appropriate for use as a
measure of attainment status of particular sites. Note also that states are at varying stages of near
road monitoring implementation and, in many cases, sites have not collected sufficient data to
support NAAQS attainment calculations by the EPA or the states

In this initial study, we gathered routine near-road air quality data collected in 2014 and conducted a
national-scale review of nearroad air pollutant concentrations . Specificsteps included the following :

1 Assembled air quality data from official near -road monitoring sites. These data are quality
controlled by the air monitoring agency and were certified in May 2015 as being final for
2014.

1 Collected state-reported annual average dailytraffic (AADT)and fleet mix characteristics of
official near-road monitoring sites..
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9 Identified and obtained data from other state - or locally operated routine monitoring sites
that, though not officially in the EPA-mandated near-road measurement program, are within
50 m of major roads and are generating readily available near-road air quality measurements.

1 Performed a national-scale analysis of official nearroad monitoring network data to
determine if/where high concentrations of NO,, PM, s, and COoccurred and how
concentrations varied by location, distance to roadway, weekday/weekend, and traffic
volume.

1 Documented findings.

In addition, we were able to complete initial work on a portion of the effort planned for Phase 2 of

the overall project. We identified and began to assembledata sets from special nearroadway
studies. Thiswork includes the following studies: (1) STENDOT US 95 study, with black carbon (BC),
NO,, and air toxics data from Las Vegas, Nevada; (2) EPA?ederal Highway Administration (FHWA)
I-15 study, with BC, PMNO,, and air toxics data from Las Vegas; (35outh Coast Air Quality
Management District (SCAQMD) Highwayl-710 study, with NO, data from southern California. These
data may be further evaluated as part of Phase 2 or Phase 3f the overall project.

The EPApromulgated near-road air quality monitoring requirements in 2010 at the same time that
the agency revisedthe NAAQS' for NO, (U.S. Environmental Protection Agency, 2019 Monitoring
requirements were revised in 2013 to extend deadlines for initiating near -road NO, monitoring (U.S.
Environmental Protection Agency, 2013b).Monitoring near major roadways in cities across the U.S.
initially focused on NO, but additional CO and PM, 5 requirements were added during NAAQS
rulemakings (U.S. Environmental Protection Agency, 20112013a). The EPA adopted a phased
implementation plan with the first set of sites to be operational by January 1, 2014; subsequent sites
are to be added by early 2015 and 2017.A small subset of the sites also measureair toxics, BC,and
UFP(seeTable A-1); however, there are no requirements to monitor these compounds. This report
refers to EPArequirednear-r oad moni tor i ng s-rohdeskes ta distimywushtheamc i al 6 nea
from sites established outside the near-road monitoring requirements .

As shown in nearroad monitoring studies conducted in Las Vegas, Los Angeles, and elsewhere, air
pollutants such asBC, CO, and PMare measurably greater near roadways than elsewhere in the
urban environment [see Roberts et al. (2010, Karner et al. (2010, and Zhu et al. (2002, for example].
Sudies have shown that pollutant concentrations can be many times greater within 150 m
(approximately 500 feet) of a major roadway, decreasing rapidly with increasing distance from the
roadway, and that the concentrations of certain pollutants (such as BQ in the near-road setting are

! with its 2010 NO, NAAQS revision, the EPA augmented the existingannual standard of 53 ppb, calculated as the annual arithmetic
mean, with a 1-hr NAAQS of 100 ppb. Compliance with the 1-hr NO, NAAQS is determined by calculating the og" percentile of all
the daily maximum 1-hr concentrations in a year, and then averaging three consecutive years of these 98 percentile values with the
averaged value not to exceed 100 pph.



heavily influenced by truck emissions (see Figure 1). The literature also shows thatat night during
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calm wind conditions, roadway-related pollutants can be detected at distances as great as1,100 m
(3,600 feet) from a major road (Hu et al., 2009.

Black Carbon Concentration (pg;‘ma}

(b)

25 T T T T T T T
BC
P
201 | 1
o
] [
[
15 qu 710 freeway (Diesel > 25%)
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Y 2 0 _
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Figure 1. Decrease in BC concentrations at increasing distances from t4% and 710
freewaysin Los Angelegreproducedfrom Zhu et al.(2002)].

State and local air monitoring agencies are required to install near-road NO, monitoring stations at

locations where peak hourly NO, concentrations are expected to occur. Agenciesmust consider
traffic volumes, fleet mix, roadway design, traffic congestion patterns, local terrain or topography,

and meteorology in determining placement of a required near -road NO, monitor. Additional factors

to consider in locating a near-road monitoring station include site logistics (such as access and

safety) and population exposure. The EPA providal extensive guidance on site selection and

implementation (U.S. Environmental Protection Agency, 2012, including information on optional

multi -pollut ant monitoring. The guidance suggested

ét he
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nearest edge of the trafficlares of t he t ar g[eEheEPAload segment é
recommends that the t aNQ@enbnitaprabeshence f or near-r oa
within 20 meters of the target road whenever possible.

The EPA established a neatrroad monitoring implementation phase-in schedule based on the
population s of the Core Based StatistichArea (CBSAXor each city, as well asthe AADT on road
segments. Table 1 summarizes the implementation phases for the near-road monitoring , and

Figure 2 shows where eachphase of monitoring was proposed. More than 50 NO, sites and 30 sites
with CO and PM, s were required to be operating by the end of 2014. Most Phase 1 and 2 sites
became operational sometime in 2014. Data are required to be uploaded to the E P AXir Quality
System AQS the national data repository for air quality monitoring) within three months of the end
of each quarter. As of May 2015, when data to complete this report were accessed,all sites except
the Riverside, California monitor were reporting NO ,, although some had missing or incomplete data
for parts of 2014. Data availability is described in further detail in Section 2.

Table 1. Summaryof EPArequiredimplementation phases for nearoad monitors (Watkins,

2015.
CBSA Population
Phase NO, CO and PM; 5
and/or AADT
Phasel >= 1M Jan.1, 2014 Jan. 1, 2015 (CBSA >= 2.5\
Phase2 >= 2.5M, or AADT >= 250k Jan.1, 2015 or
Phase3 500k 8 1M Jan.1, 2017 Jan.1,2017 (CBSA >=1M)
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@ NO2 required by Jan. 2014
CO, PM2.5in 2015 (21 sites)

NO2 required by Jan. 2014
CO, PM2.5 in 2017 (30 sites)

* NO2 required by Jan. 2017 (48 sites)

Figure 2. Expected locations (CBSA) for nerad NO, monitors in 20142017, with
collocated CO and PMs monitors n 2015 (orange) and 2017 (blue). Note that the locations
are not yet finalizedFigure based on Watkin€2015).

In addition to air quality measurements collected at EPArequired near-road monitoring stations ,
near-road measurements have been collectedduring several research studiesto represent different
geographic locations, vehicle fleets, time periods, and other variables. In addition, some agencies
operate monitoring stations that routinely collect air quality data within a few hundred meters of a
major road. We obtained and evaluated data from routine monitoring and researchefforts.

Pollutant concentrations measured at near-roadway monitors consist of background pollution plus
an incremental contribution from the adjacent roadway . Analysis of nearroad data alone is
insufficient to estimate roadway contributions ; analysis must also estimatethe regional background
concentration and subtract that concentration from the near -road measurement. Therefore,we plan
to examine case studiesand quantify roadway increments for selected high-concentration events in a
future work phase.

Highlights from the study include:

1 Asof May 2015, NO, data for sitesin 40 CBSAswere reported in the E P AARS, only the

Riverside,California data have not yet been reported. About half of these sites did not report
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data for the first half of 2014, yielding an inconsistent data record for 2014 acrossall sites.
We expect to have a more consistent androbust data record for 2015.

1 As of May 2015, of the 40 CBSAs with sitegeporting NO , data to AQS, 15 CBSAs had
reported a full year of NO, data, and another 14 had reported three full quarters of data for
2014. For PM, 5 data, 10 of the 40 CBSAs reported a full year of data for 2014; three
addition al CBSAs reported at leastthree full quarters of data. Sixother CBSAshad PM, 5 data
for fewer than three full quarters in 2014.

1 Asof May 2015, two 1-hr daily maximum NO, concentrations, and five hourly observations
total, were above 100 ppb; these valueswere measured at George Washington Bridge (GWB)
in New York/New Jerseyduring August 2014. Only two quarters of NO, data were available at
the GWB site at the time of this report.

9 Sites in Cincinnati (two monitors) and Indianapolis recorded PM, s annual averages greater
than 12 pg/m 3-in addition the Baltimore and Louisville sites recorded PM, s annual averages
equal to 12 pg/m 3. The Baltimore site had incomplete data for 2014. In 2014 across all sites
reporting PM, s data, there were 15 days when 24-hr PM, 5 concentrations were above
35 pg/m 3. For example, in Denver, 24hour PM, 5 concentrations greater than 35 pg/m * were
observed at the 1-25 near-road site on February 7 (35.4 pug/m°), 9 (44.4 ug/m®) and 10
(57.01 g/m3) of 2014. However, none of the sitesrecorded a 98" percentile of 24-hr PM, 5
concentrations greater than 35 pg/m°.

1 CO concentrations were typically 1 ppm or less.

Section 2 of this report provides an overview of the technical approach used to identify, acquire,
process, and analyzeair pollutant concentration data and traffic information. Analysisresults are
described in Section 3 of this report, followed by conclusionsin Section 4. Appendix A details data
available by site,and Appendix B shows time series plots of PM, 5 at each site for data available
during 2014.
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2. Technical Approach

We assemblad air quality data for the near-road monitoring locations, and we put concentrations in

a national context by developing high-level summary statistics of the national data set These data

were acquired from the E P AXr Quality System (AQS), and have been quality assured( Q A Bydeach

air monitoring and reporting agency; data for 2014 were certified by the states as final on May 1,

2015, and data were acquired on May 14. We also obtained supplemental information to further

highlight high-concentration occasionsat two locations. High NO, concentrations were observed

near the George Washington Bridge (GWB)in the New York/New JerseyCBSA the site is at the toll

plaza on the New Jersey side, but in thi& Hiephrt we
PM, 5 concentrations were observed adjacent to Highway I-25 in Denver, Colorado.

We assembled the following data sets:

1 Data collected at official near -road monitoring sites since the EPA nearroad measurement
requirement took effect . Air quality and meteorological data from official EPA-designated
near-road monitoring sites , as documented in were
acquiredviathe EPAGds AQS and asse mWéaqguired data epoded tbat abase
AQSthrough May 2015. Data will be updated quarterly in subsequent work phases.

1 Routinely measured air quality data within 50 m of a major roadway . These datawere used
to supplement the official near -road monitoring results; they were obtained through AQS by
completing the following steps:

1. Identify sites with PM, s, PMy, NO,, CO, NATTS, NCORE, BC, UFP, benzene

2. Cross-reference site locaions with proximity to the edge of the closest freeway lane
identifying those within 50 m .

3. Confirm that each site identified in Step 2 had sufficient data to be useful (i.e., itis
active now, or has multiple years of data available)

4. Visually inspect maps of each site that passedSteps2 and 3 to confirm location and
distance from the edge of the roadway.

5. For each site, pull air quality and meteorology data (temperature, wind speed, wind
direction) starting in 2009. Air quality data were pulled for PM,s, PMy, NO,, NO,
NOx, NQy, CO,, CO, EC, OC, BC, UFP, benzene, formaldehyde, acetaldehyde, acrolein,
1,3-butadiene, toluene, and ozone (Os).


http://www.epa.gov/ttnamti1/files/nearroad/activenearroadno2sites.pdf

2. Technical Approach

In addition, we were able to advance to some of the work planned for Phase 2 of the project. We
began assembly of

1 Readily available special-purpose near-road measurements collected under the
sponsorship of public agencies . These data were obtained from

- STENDOT US 95 study, with BCNO,, and air toxics data from Las Vegas Nevada

- EPA/FHWAI- 15 study, with BC, PM, NQ, and air toxics data from Las Vegas

- South Coast Air Quality Management District (SCAQMD) 1405 and I-710 studies, with
BC, PM, and NQ

We will complete the task of assembling spedal study data during Phase 2 We plan to also obtain
data from an EPA 440 study in Raleigh, North Carolina (BC, PM, and NQ) and an EPA/FHWA 196
study in Detroit, Michigan (PM, BC, NQ, air toxics,and UFB.

This report focuses on dataavailable within AQS that were collected at official near-road sites; these
sites are listed in Table 2. The monitoring locations encompass major urban areas across theUnited
States. Ppulations are between 500,000and 10 million people at most locations, 15 million at Los
Angeles, and 20 million at New York. The monitors are between2 m and 50 m from a major roadway,
with traffic counts ( Fleet Equivalent Annual Average Daily Trafficor FEAADTY that range from
approximately 130,000 to 700,000 vehicles.

Figure 3 details the number of sites by distance from the roadway; most are within 20 m of the edge
of the roadway. Figure 4 shows the distribution of FEAADT by site;more than half the sites have an
FEAADT above 300,000 vehicles/day, and four sites haven FEAADT greater than 600,000
vehicles/day. Figure 5 shows the intersection of distance to roadway, FEAADT, and population for
each site. Thisfigure shows that most sites with high FEAADT are close to the roadway(with the
exception of Riverside, California, nearly 50 m from the roadway, likely due to siting constraints). Two
sites, Phoenix and Los Angeles, stand out on this plot for having high FEAADT and being very close
to the roadway, and they may provide insightful case studies. The range of distances from the
roadway and the range of FEAADT on the roadways are considerable As additional data become
available, future work can focus on understanding how concentrations vary by roadway
characteristics

2 FEAADT is a metricthat weights trucks and light -duty vehicles to come up with a single emissions-weighted traffic volume
measure. EPA guidance suggests weighting heawduty trucks by a factor of 10 and calculates FEAADT with the following equation:

FEAADT=(AADT-HD.)+(10xHDc) where HD; is the total number ofheavy-d ut y vehi cl es on a road segment.

Road NO, Monitoring TAD.
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Table 2. Locationsof official neafroad monitors in operationas of May 2015. *Although the Riverside monitor started operation in
August, data were not yet publicly available at the time of this report.

Urban Area Population Road | AADT °E [t)olslt?al)nacde
2012 AADT
(meters)
Atlanta-Sandy SpringsRoswell, GA 5,457,831 I-85 284,920 406,256 2 6/15/14 1/1/15  6/15/14
Austin-Round Rock, TX 1,834,303 I-35 188,150 350,712 27 4/16/14
Baltimore- Columbia-Towson, MD 2,753,149 1-95 186,750 452,309 16.15 4/1/14 4/7/14 4/1/14
Birmingham-Hoover, AL 1,136,650 I-20 141,190 215,527 23.2 1/1/14 1/5/14  1/1/14
Boise, ID 637,896 -84 103,000 162,000 32 4/1/12 1/11/12
Boston-Cambridge-Newton, MA-NH 4,640,802 1-93 193,000 10 6/13/13  10/1/13  7/7/13
Buffalo-Cheektowaga Niagara Falls, NY 1,134,210 1-90 131,019 20 4/1/14 7/10/14  8/1/14
Charlotte-Concord-Gastonia, NGSC 2,296,569 I-77 153,000 260,830 30 7/17/14
Cincinnati, OH-KY-IN 2,128,603 I-75 163,000 386,380 8 1/1/14 1/2/14 8/1/14
Columbus, OH 1,944,002 1-270 142,361 286,050 32 1/1/14 1/6/14
Dallas Fort Worth-Arlington, TX 6,700,991 1-635 235,790 431,027 24 4/2/14
Denver-Aurora- Lakewood, CO 2,645,209 I-25 249,000 263,118 8.7 6/1/13 1/1/14  6/1/13
Des Moines-West Des Maines, 1A 588,999 I-235 110,000 150,140 13 1/1/13
Detroit-Warren-Dearborn, Mi 4,292,060 1-96 140,500 188,200 8.5 10/1/11 10/1/11
Hartford - West Hartford-East Hartford, CT 1,214,400 1-84 159,900 231,855 17.7 4/1/13 3/6/14 4/1/13
Houston-The Woodlands-Sugar Land, TX 6,177,035 I-GSQUS 324,119 496,226 24 1/22/14
Indianapolis-CarmelAnderson, IN 1,928,982 I-70 189,760 362,110 24.5 2/7/14 2/1/14 5/2/14

Jacksonville, FL 1,377,850 1-95 139,000 304,062 20 4/1/14 4/1/14 4/1/14



2:Technical Approach

. Distance
Population FE
Urban Area AADT to Road
2012 AADT
(meters)
Kansas City, MOKS 2,038,724 I-70 114,495 347,582 7/1/13 7/1/13  7/1/13
Los Angeles Long Beach- Anaheim, CA 13,052,921 I-5 272,000 695,776 9 1/1/14
Louisville/Jefferson County, K¥IN 1,251,351 I-264 163,000 247,600 32 2/19/14 1/2/14  1/15/14
Memphis, TN-MS-AR 1,341690 I-40 140,850 292,968 23.75 7/1/14 7/15/14
Milwaukee-WaukeshaWest Allis, WI 1,566,981 1-94 133,000 133,000 14 1/1/14 1/1/14
Minneapolis-St. PautBloomington, MN -WI 3,422,264 '59:\;\',' 277,000 387,250 325 4/1/13 10/1/13 1/17/13
_'F'SShV'"&DaV'dson'M“rfreeSboro'Fra”k"”’ 1,726,693  1-40/1-24 144,204 338,879 30 7/1/14 7/1/14
New Orleans-Metairie, LA 1,227,096 1-610 68,015 129,229 28.5 3/19/14 1/1/15
New York-Newark-Jersey City, NYNJ-PA 19,831,858 1-95/US1 311,234 612,212 20 7/1/14 4/1/14
Eg'm)e'ph'a'Camde”W"m'”gton' Har 6,018,800 1-95 124,610 257,460 12 1114 15514 1714
Phoenix-Mesa-Scottsdale, AZ 4,329,534 I-10 320,138 624,315 12 2/13/14 5/1/14 2/21/14
Pittsburgh, PA 2,360,733 I-376 87,534 148,248 18 9/1/14 9/1/14
Portland-Vancouver-Hillsboro, OR-WA 2,289,800 I-5 156,000 289,052 25 5/8/14 5/8/14
Providence-Warwick, RFMA 1,601,374 1-95 186,300 416,790 5 4/1/14 4/1/14  4/1/14
Raleigh, NC 1,188,564 I-40 141,000 203,280 20 1/8/14
Richmond, VA 1,231,980 I-95 151,000 259,720 20 10/1/13 10/1/13
Riverside-San Bernardino Ontario, CA 4,350,096 I-10 245,300 646,804 50 *8/1/14
San Antonio-New Braunfels, TX 2,234,003 |-35 201,840 405,295 20 1/8/14
San FrancisceOakland-Hayward, CA 4,455,560 1-880 216,000 424,008 20 2/1/14 2/1/14  2/1/14
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Urban Area Population AADT i ?()'5;5;”:;
2012 AADT
(meters)
San JoseSunnyvale Santa Clara, CA 1,894,388 US 101 191,000 294,140 32 9/1/14 9/1/14 9/1/14
Seattle-TacomaBellevue, WA 3,552,157 I-5 237,000 471,630 4.5 4/1/14 5/21/14  4/1/14
St. Louis, MOIL 2,795,794 I-64 159,326 360,077 25 1/1/13 1/3/13 1/1/13

Tampa St. Petersburg Clearwater, FL 2,842,878 I-275 190,500 327,660 20 4/1/14 4/1/14
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Figure 3. Histogram of number of official nearoad sites by distance to roadway.
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Figure 4. Histogram of FEAADT of roadways for official neaioad sites FEAADT data are not
available for the sites in Boston and Buffalo.
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Figure 5. FEAADT versus distanct roadways for official nearoad sites, with symbols
showing population.

Data from official near-road sites in 40 CBSAswere available in AQS as ofMay 2015 (Tables 3 and 4);
some sites had collocated monitors, meaning two measurements of a given pollutant. Data were
unavailable in AQS forone location that was expected to have a near-road monitor in 2014 ; as shown
in Figure 6, only Riverside has no data reported yet. Of the sites with data in AQS, all are reporting
NO, data, and many sites are already reporting PM and/or CO. Some of the sites are also reporting
additional pollutants [BC, Q, volatile organic compounds (VOQ), PM speciation, and/or meteorology ;
see Table Al]. Tables 3and 4 show the data availability and data completeness for PM and NO, data
in AQSfor 2014, as of May 2015. The EPAtypically requires data for 75% of the time periods
measured in a year plus 75% completeness by quarter or month, for a site to meet minimum data

14



2:Technical Approach

completeness. PM, s data were also measuredin 2013 at four sites: Boston, Kansa City, Minneapolis,
and St. Louis A full table of data availability is provided in Appendix A.

- Boston
L Providence
artford
"+ Philadelphia
Baltimore

Measured Pollutants in 2014

CO NO2 PM

no data available for Riverside

Figure 6. Map of official nearroad monitoring stationsreporting CO, NO,, and/or PMto the
EPAds A QSin20adtasaobVnys2615. Some locations alseeported BC, Q, VOC,

chemicalspeciation, and/or meteorology.
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Table 3. PM, 5 data completeness for 2014t the time of data acquisitioniMay 2015) Colored
cells indicate data completeness: green more th@b%, orange 5675%, and pink less than
50%.All sites are measuring dataourly, unless specified otherwisBlumbers in parentheses
indicate that a site parameter occurrence code (POC) other than 1 was used; in most cases,
this is to indicate collocated mnitors. Emptygray cells indicatethat no data were available.

Location
Atlanta-Sandy Springs Roswell, GA
Austin-Round Rock, TX
Baltimore-Columbia-Towson, MD (3)
Birmingham-Hoover, AL®
Boise, ID

Boston-Cambridge-Newton, MA-NH"

Buffalo-Cheektowaga-Niagara Falls, NY
Charlotte-Concord-Gastonia, NGSC

Cincinnati, OHKY-IN®
Cincinnati, OH-KY-IN (4)°®
Columbus, OH

Dallas-Fort Worth-Arlington, TX

Denver-Aurora-Lakewood, CG'
Denver-Aurora-Lakewood, CO (3)
Des Moines-West Des Moines, |IA
Detroit-Warren-Dearborn, Ml

Hartford -West Hartford-East Hartford, CT'
Houston-The Woodlands-Sugar Land, TX

Indianapolis-Carmel Anderson, INA
Jacksonville, FL (3)

Kansas City, MOKS (4)

Los AngelesLong Beach Anaheim, CA
Louisville/Jefferson County, K¥IN®
Memphis, TN-MS-AR
Milwaukee-Waukesha West Allis, WI

Minneapolis-St. PaulBloomington, MN -WI (3)
Nashville-Davidson-- Murfreesboro -- Franklin, TN

New Orleans-Metairie, LA
New York-Newark-Jersey City, NYNJ-PA

Philadelphia-Camden-Wilmington, PA-NJ-DE-MD

2014
Qtr.1 Qtr.2 Qtr.3 Qtr. 4

3 s 70 100
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2:Technical Approach

2014

Location Qtr.1 Qtr.2 Qtr.3 OQtr. 4
Phoenix-Mesa-Scottsdale, AZ (3) ---
Pittsburgh, PA
Portland-Vancouver-Hillsboro, OR-WA
Providence-Warwick, REMA ---
Raleigh, NC
Richmond, VA
Riverside- San Bernardino Ontario, CA
SanAntonio -New Braunfels, TX
San FrancisceOakland-Hayward, CA (3) ----
San JoseSunnyvale Santa Clara, CA (3) 32 -
Seattle-Tacoma Bellevue, WA (3)

43 8 92
St. Louis, MOIL (4) w7 w1

Tampa St. Petersburg Clearwater, FL

A 24-hr PMps samples on a tin-3 day sampling frequency
® 24-hr PM, s samples on a tin-6 day sampling frequency
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Table 4. Hourly NO, and CO 2014 data completenessat the time of data acquisitioiMay 2015) Colored cells indicate data
completeness: green (more than 75%), orange (58%), and pink (less than 50%@mptygray cells indicate that no datavere available.
Some sites alsaneasuredhourly NO, and CO data in 20152013 (Boise, Boston, Denver, Des Moines, Detroit, Hartford, Kai@ty,
Minneapolis, Richmondand St. Louis); N@data only are also available in Des Moines in 20D8umbers in parentheses indicate that a
site POC other than 1 was used; in most cases, this is to indicate collocated monitors.

2014 NO, 2014 CO

Location Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4
Atlanta-Sandy Springs Roswell, GA
Austin-Round Rock, TX
Baltimore-Columbia-Towson, MD
Birmingham-Hoover, AL
Boise, ID
Boise, ID (2)
Boston-Cambridge-Newton, MA-NH
Buffalo-Cheektowaga-Niagara Falls, NY
Charlotte-Concord-Gastonia, NGSC
Cincinnati, OH-KY-IN
Columbus, OH
Dallas-Fort Worth-Arlington, TX
Denver-Aurora-Lakewood, CO
Des Moines-West Des Moines, I1A
Detroit-Warren-Dearborn, Ml
Hartford -West Hartford-East Hartford, CT
Houston-The Woodlands-Sugar Land, TX
Indianapolis-CarmelAnderson, IN
Jacksonville, FL
Kansas City, MOKS
Los Angeles Long Beach- Anaheim, CA
Louisville/Jefferson County, KY¥IN

I
N
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2:Technical Approach

2014 NO, 2014 CO
Qtr. 2 tr. 3 Qtr. 4 Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4

Location Qtr. 1

Memphis, TN-MS-AR
Milwaukee-WaukeshaWest Allis, WI
Minneapolis-St. PautBloomington, MN -WI
Nashville-Davidson-- Murfreesboro -- Franklin, TN
New Orleans-Metairie, LA

New York-Newark-Jersey City, NYNJ-PA
Philadelphia-Camden-Wilmington, PA-NJ DEMD
Phoenix-Mesa-Scottsdale, AZ

Pittsburgh, PA
Portland-Vancouver-Hillsboro, OR-WA
Providence-Warwick, REMA

Raleigh, NC

Richmond, VA

Riverside- San Bernardinc Ontario, CA
San Antonio-New Braunfels, TX

San FrancisceOakland-Hayward, CA

San JoseSunnyvale Santa Clara, CA
Seattle-Tacoma Bellevue, WA

St. Louis, MOIL

St. Louis, MGIL (2)

Tampa-St. Petersburg Clearwater, FL

w
ey

w
[y

[EnY
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32 Analysis

3. Analysis

3.1 Overview of Concentrations at Near-Road Sites

For research purposes, this discussion inclués comparisons of measured data to NAAQS levels the
NAAQSare shown in Table 5. These comparisons are provided for context and are not meant to
assess attainment status attainment and nonattainment areas are designated by the EPA Note also
that most near-road sites do not have sufficient data to determine whether a site recorded a NAAQS
violation for hourly NO ,, 24-hr PM, s, or annual PM, 5, because these calculations require at least
three years of valid monitoring data. The CO requirement is based on asingle year of data; however,
only a portion of 2014 data was available for analysis at the time of the data retrieval. The following
results are based onthe data available in 2014. Summary statistics for CO, NQ, and PM at each site
are provided in Appendix A. We are reporting values directly from AQS, as verified by the states and
made available by EPA, somevalues are negative.

Table 5. Primary NAAQS levels for CO, NOand PM s. (Source epa.gov/air/criteria.htm))

Time

8-hr 9 ppm Not to be exceeded more than once per year
0 1-hr 35ppm  Not to be exceeded
1-hr 100 ppb 98th percentile of 1-hr daily maximum concentrations,
NO, averaged over 3 years
Annual 53 ppb  Annual mean
24-hr 35 pg/m3 98th percentile, averaged over 3 years
Ptz Annual 12 pg/m3 Annual mean, averaged over 3 years

Concentration changes throughout the day are linked to typical travel activity patterns. The temporal
patterns of CO and NO; concentrations are typical for urban monitoring locations. The diurnal
concentration profile s include morning and evening peaks that are consistent with commute hours
(Figure 7). Peak travel periods can be characterized by higher trafic volumes, lower vehicle speeds
higher per-vehicle emission rates and (especially in the morning) low wind speeds and/or limited
atmospheric mixing. Typical daily traffic pattern s overlap more closely with NO, concentrations than
with PM, 5 concentrations. PM, 5 concentrations are heavily influenced by regional emissions and
atmospheric PM, s formation that occurs throughout the day. Weekly patterns vary by pollutant: NO,
concentrations are higher on weekdays than on weekends across all sites(Figure 7), but PM, 5
concentrations are higher on weekdays than on weekends at some sites but not all.
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Figure 7. Diurnal patterns inhourly median NG,, CO, and PM s on weekdays in 2014I¢ft),
and NO, concentrations onweekdays and weednds in 2014 (right Both figures include
hourly datafrom 2014 at all nearroad sites.In the box plot on the right, the horizontal line
indicates the median, the box indicates the interquartile range (IQR), the whiskers indicate
1.5*IQR, and individugboints are beyond 1.5*IQRFve outliers withconcentrations above
100 ppb are not shown in the weekday box plot.

The hourly CO concentrations measured at the official nearroad monitors ranged from a minimum
value near zero to a maximum value of 4.8 ppm, while most hourly CO concentrations were in the
0-1 ppm range (Figure 8).
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3. Analysis

including a maximum value of 258 ppb. All of these high values were observedat the New York/New
JerseyGeorge Washington Bridge site (see Table 6). Figure 9 shows the distribution of all hourly NO,
concentrations across all sites for 2014 Figure 10 shows box plots of hourly NO, concentrations by
site for 2014, and Figure 11 shows box plots of daily 1-hour maximum concentrations by site for
2014. Concentrations at Denver approached 100 ppb in February 2014 (maximum of 96.8 ppb), and
concentrations at Seattle alsoexceeded 90 ppb. The 98" percentile at all sites was below 100 ppb. At
New York, the 98" percentile of the daily 1-hr maximum concentration was 91.8 ppb, but only two
guarters of data were reported. The highest annual averagefrom the data available in 2014 was at

the Los Angeles

(Anaheim)location, where a value of 27.1 ppb wasobserved.
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Table 6. NO, 1-hr maximum,1-hr average, andog™ percentile ofdaily 1-hr maximum (ppb)
by site during 2014, plushe number and date range 02014 1-hr samplesreported as of May
2015. One complete year of hourly dat@omprises8,760 observations.

ogh
Last .

No. of Percentile

Urban Area Slartbaie Reported Reported . . of Daily
(2014) paie Samples Maximum
(2014)

(Ppb)
Atlanta, GA 15-Jun 31-Dec 4,658 57.9 19.8 50.3
Austin, TX 16-Apr 31-Dec 5,840 56.8 14.0 48.2
Baltimore, MD 01-Apr 31-Dec 6,538 56.0 17.8 50.8
Birmingham, AL 01-Jan 31-Dec 8,107 67.4 14.0 5.5
Boise, ID 06-May 31-Dec 5,654 48.4 10.6 43.1
Boise, ID @) 01-Jan 31-May 3,497 48.1 11.5 43.6
Boston, MA-NH 01-Jan 31-Dec 8,288 64.0 17.5 53.7
Buffalo, NY 01-Apr 31-Dec 6,366 49.5 9.9 40.1
Charlotte, NC 17-Jul 31-Dec 3,126 43.6 11.4 395
Cincinnati, OH 01-Jan 31-Dec 8,546 68.0 23.4 59.7
Columbus, OH 01-Jan 31-Dec 8,343 53.0 12.4 47.7
Dallas, TX 02-Apr 31-Dec 6,414 58.2 9.6 40.9
Denver, CO 01-Jan 31-Dec 8,083 96.8 25.4 70.7
Des Moines, 1A 01-Jan 31-Dec 8,310 41.1 8.7 34.9
Detroit, Ml 01-Jan 31-Dec 8,584 62.0 16.3 51.7
Hartford, CT 01-Jan 31-Dec 8,470 80.0 14.5 51.7
Houston, TX 22-Jan 31-Dec 7918 55.1 12.5 48.8
Indianapolis, IN 07-Feb 31-Dec 7,582 64.4 16.7 58.6
Jacksonville, FL 01-Apr 31-Dec 5,846 70.0 12.4 46.1
Kansas @y, MO-KS 08-Jan 31-Dec 8,519 52.1 12.4 46.7
Los Angeles, CA 01-Jan 31-Dec 8,376 78.8 27.1 66.5
Louisville, KY 19-Feb 31-Dec 7,226 69.8 13.7 49.0
Memphis, TN 01-Jul 31-Dec 3,978 48.5 12.1 44.7
Milwaukee, WI 01-Jan 31-Dec 8,247 61.7 15.7 53.6
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ogh
Last .

No. of Percentile

Start Date Reported .
Urban Area Reported . . of Daily
(2014) Date !
Samples Maximum
(2014)

(ppb)
Minneapolis-St. Paul, MN 01-Jan 31-Dec 8,610 53.0 15.9 48.0
Nashville, TN 01-Jul 31-Dec 3,939 63.0 14.6 53.6
New Orleans, LA 19-Mar 31-Dec 6,663 64.0 11.7 48.2
New York, NY 01-Jul 31-Dec 4,224 258.0 18.5 91.8
Philadelphia, PA 01-Jan 31-Dec 8,230 65.0 155 51.6
Phoenix, AZ 13-Feb 31-Dec 7,583 62.0 20.8 59.0
Pittsburgh, PA 01-Sep 31-Dec 2,769 42.1 125 40.3
Portland, OR 08-May 31-Dec 5,439 48.6 12.2 38.1
Providence, RI 01-Apr 31-Dec 6,328 55.9 20.2 51.7
Raleigh, NC 08-Jan 31-Dec 7412 41.2 10.5 36.7
Richmond, VA 01-Jan 31-Dec 6,273 54.1 14.1 46.6
San Antonio, TX 08-Jan 31-Dec 8,135 51.0 10.7 45,5
San Francisco, CA 01-Feb 31-Dec 7,558 64.6 17.2 525
San Jose, CA 01-Sep 31-Dec 2,781 64.9 19.7 52.4
Seattle, WA 01-Apr 31-Dec 5,560 90.7 23.9 69.1
St. Louis,MO 01-Jan 31-Dec 8,404 71.7 13.7 50.4
St. Louis, MO @) 01-Jan 31-Dec 8,560 78.9 14.0 60.5
Tampa, FL 01-Apr 31-Dec 6,252 59.0 12.1 45.6
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Figure 9. Distribution ofall hourlyNO, concentrations at the official nearoad monitors for
2014.TheNO, NAAQS threshold is also indicated.
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Hourly NO2 Concentration (ppb)
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Figure 10. Box plot ofall hourlyNO, concentrations at the official nearoad monitors for
2014.Thevertical line indicates the mediathe diamond indicates the meaythe box indicates
the interquartile range (IQRthe whiskers indicate 1.5*IQRnNd individual points are beyond

1.5*IQR
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Daily 1-Hr. Maximum NO2 Concentration (ppb)
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Figure 11. Box plot of daily hour maximumNO, concentrations at the official nearoad
monitors for 2014. Therertical line indicates the mediarthe diamond indicates the 98th
percentile the box indicates the interquartile range (IQRhe whiskers indicate 1.5*IQRnd
individual points are beyond 1.5*IQR.
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As of May 2015, 19 CBSAs had PMs data reported in AQS. Thirteen CBSAs had three full quarters of
data, of which 10 had a full year; six CBSAs had less than three full quarters of dataTwelve CBSAs
reported hourly PM, s data for their near-road sites to AQS, andeight CBSAgseported 24-hr data
(sampling on 1-in-3 or 1-in-6 day cycles. Cincinnati and Denver both had collocated monitors at
their sites. Denver had both hourly and 24-hr data, while Cincinnati had two 24-hr monitors.

Figure 12 shows the ogh percentile of 24-hr PM, s and annual average PM, s for 2014 at official near-
road monitoring sites, along with the associated nonattainment and maintenance areas designated
by the EPA® Several nearroad monitoring sites are located in PM, s nonattainment or maintenance
areas.

This preliminary comparison showsthat five sitesin four cities were at or exceededthe PM, g
thresholds. Figure 13 shows the distribution of the 24 -hr and annual average concentrations.Data
available in May 2015 show annual averages greater than 12 pg/m® at Cincinnati (two monitors) and
Indianapolis, while the Baltimore and Louisville sites show annual averages equal to 12ug/m *. Data
records for Baltimore are incomplete for 2014.

Also, as shown in Figure 14, across all sitesthere were 15 days in 2014 when 24-hr PM, 5
concentrations were greater than 35 pg/m?. Thisoccurred in Cincinnati, Denver, Indianapolis, Kansas
City, Louisville Philadelphia, and St. Louisduring either February 2619, March 688, or July 4 (Louisville
only). However, the 98" percentile of 24-hr PM, s concentrations did not exceed 35 pg/m® at any site.
Table 7 lists where and when high concentrations occurred. The high concentrations in Denver are
further examined in Section 3.3.

% See
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Jacksonville

2014 98" Percentile of 24-hr PMzs ~| Maintenance for 24-hr Standard 2014 Annual Average PMzs Maintenance for Annual Standard
e 15 Nonattainment for 24-hr Standard * 6-8 Nonattainment for Annual Standard
® 16-20 @ 9-10
® 232 O -2

I @

Figure 12. Maps showing2014 PM 5 concentrations( g/ma) at official neatroad monitoring sites plus nonattainment and maintenance

areas for (leftthe og" percentile of 24hr PM, 5 concentrations andright) annual average PMs concentrationsMore sites are expected
to report data in 2Q15.
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Figure 13. Distribution of24-hr (top) and annual averageg(bottom) PM, s concentrations at the
official neafroad monitors for2014. NAAQS thresholds are also indicateNote that of the five
sites with aeragesat or above 12 pg/m’n Cincinnati two monitors), Indianapolis Baltimore
and Louisville the Baltimoresite has an incomplete data record for 2014whilethe Cincinnatj
Indianapolis and Baltimoresites have a complete year of data for 2014.
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Figure 14. 24-hr PM, 5 concentrations at the official nearoad monitoring locations in 2014.
Thevertical line indicates the mediatthe notch around the vertical line indicates the 85
confidence interval in the mediarthe box indicates the interquartile rarey(IQR)the whiskers
indicate 1.5*IQRand individual points are beyond 1.5*IQR he og" percentile value based on
the available dataas of May 2015, is also shown (diamondNumbers in parentheses indicate
collocated monitorsthat may be of different ampling durations (see Table 3The NAAQS is
exceeded when the 98 percentile, averaged over three years, is greater thah | g/m3. Note
that six of thesites Buffalg Hartford, Jacksonville, Phoenix, San Jose, and Sedttee fewer
than three quarters of data available for 2014.
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Table 7. Locations and datesvith 24-hr PM, 5 concentrations above 35 ug/r‘ﬁor 2014
average concentrationsit or above 12 ug/m3 at the official neairoad sites Baltimore hal
limited data for calculating the annual averag see Table 3 for data completeness

End Date . NAAQS
Urban Area Sample (Annual, Concentration Attainment
Duration 2014) (ng/m 3) St
24-Hour
Denver-Aurora-Lakewood, CO B) 1-hr 10-Feb 57.0 A
St. Louis, MGIL (4) 1-hr 8-Mar 52.3 A
Louisville/Jefferson County, K¥IN 24-hr 4-Jul 50.0 A
Denver-Aurora-Lakewood, CO 24-hr 10-Feb 48.3 A
Denver-Aurora-Lakewood, CO @) 1-hr 9-Feb 44.4 A
Indianapolis-Carmel Anderson, IN 24-hr 8-Mar 40.7 A
ZTI;(ée;f;ia-Camden—WiImington, PA- 1-hr 2-Feb 404 N
Kansas City, MOKS @) 1-hr 6-Mar 37.3 A
St. Louis, MGIL (@) 1-hr 6-Mar 36.8 A
lITITIlaslc::helilpl)gia—CamderrWiImington, PA- 1-hr 19-Feb 365 N
St. Louis, MGIL (@) 1-hr 7-Mar 36.1 A
Indianapolis-Carmel Anderson, IN 24-hr 4-Feb 35.8 A
Cincinnati, OH-KY-IN (4) 24-hr 10-Feb 35.5 A
Denver-Aurora-Lakewood, CO @) 1-hr 7-Feb 35.4 A
St. Louis, MOIL (4) 1-hr 12-Feb 35.1 A
Annual
Cincinnati, OH-KY-IN 24-hr 2-Jan 28-Dec 13.3 M
Indianapolis-Carmel Anderson, IN 24-hr 1-Feb 31-Dec 13.1 M
Cincinnati, OH-KY-IN (4) 24-hr 11-Jan 25-Dec 12.6 M
Louisville/Jefferson County, K¥IN 24-hr 2-Jan 31-Dec 12.0 N
Baltimore-Columbia-Towson, MD (3) 1-hr 8-Apr 31-Dec 12.0 M

2 NAAQS attainment statuses are for the 3%/m® 24-hr and 151 g/m® annual PM s standards as per
http://www.epa.gov/pmdesignations/As ofMay 1, 2015, attainment designationsad not yet been assigned for the 12 g/m?®
annual PM s standard
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3. Analysis

We examined how NO, and PM concentrations at the near-road sites varied by monitor distance
from the roadway and by FEAADT. These analyses will be updated in futurework phasesas
additional data become available.

Of the 40 CBSAghat reported data for 2014 (as of May 2015), eight sites were within 10 m, 16 within
10-20 m, and 16 within 20-50 m of the target roadway. Comparisons of NO, concentrations to
distance from roadway and to FEAADT are shown inFigure 15. Average NO, concentrations are
typically higher at sites within 10 m of the roadway, but there is a wide distribution of average
concentrations at all distances from the roadway. There is a wide range of concentrations even at
high FEAADT sites; future case studies may further investigte the relationship between FEAADT,
concentrations, and other factors such asmeteorology.

Average 2014 PM, s concentrations at each site arecompared to distance from roadway and FEAADT
in Figure 16. Average PM, s concentrations did not exhibit a trend with distance from the roadway or
with FEAADT, possibly because of high background PMj, s at most sites. Previous work has
documented that near-road PM, 5 exhibits less of a gradient than other pollutants such as CO(Karner
et al., 2010. As of May 2015, insufficient data had been reported from the national near-road
measurement network to provide a robust characterization of near-road PM, 5 and its relationship to
FEAADT.
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Figure 15. 2014 average ND, concentrations relative to distance to the roadwdtop) and

FEAADT (kottom).

32 Analysis

35



3. Analysis

16
o
£
X
g © <
g o
S 12 & O )
=
3 o
uw? & & v
2 O ')
D. AV
L]
g )
i <O ’
L)
4 ¢ R
© &
g <
c
Z &
<r
[=)
o~
4
0 10 20 30 40
Distance to Road (m)
16
o
E
o
=2
S ot
B +
S 12 ]
g %
5 o
O (o]
Te)
) o
N
s + o + <
o +
o
o +
o Distance to Road (m)
2 ° + 4510 <10
£ 10to <18
- | 1810 <25
b 25 to <32.51

4

200000 300000 400000 500000 600000 700000
FE-AADT

Figure 16. 2014 averagePM, s data at neafroad sites compared to distance of monitoring site
to roadway (top) and compared to bothFEAADT and distance from roadwagbottom).

36



3. Analysis

This section compares high near-road concentrations to readily available regional data collected at
nearby sites. It does not attempt to determine the cause of the high concentrations. Phase 20f this
project will include more in-depth analysis of high-concentration episodes.

The nearroad air quality monitoring site for the New York-New JerseyCBSAis next to the GWB toll
booth on Interstate 95 in New Jersey Hourly NO, concentrations were greater than 100 ppb on
August 1 and 14, 2014. The location of the site is shown inFigure 17. The peak hourly NO,
concentrations at the near-road site were 130 ppb on August 1 and 258 ppb on August 14

(Figure 18), at 20:00 on both days. The hourly NO, data and the daily maximum of hourly data at the
near-road GWBsite were compared to data from regional NO, monitor s within 20 km of the GWB
site. Three nearby sites in New York had NQ data for August 2014 (Figure 19). The NQ,
concentrations measured at the GWBsite were significantly higher than the concentrations at the
nearby sites (Figure 20) at 20:00 on August 1 and August 14.

Wind data were not available at the near-road site. However, the data at two of the nearby sites
indicated that wind speed and direction were within a normal range during the hours that high
concentrations were measured. Wind speed was low (184 mph), meaning that emissions from the
roadway could potentially accumulate at the GWBmonitoring site.

The hourly data during this time period wer e submi tted to AQS with a quali:@
a ounique traffic di st ur bRralimieadyinfoenatiorrproeidedbry ¢hear t he mor
EPA suggests thatconstruction equipment was idling near the monitor and potentially contributin g

to the high concentrations.

Further investigation is needed to identify the cause of the high NO , concentrations measured on
August 1 and 14, 2014.In Task Order Phase 2, w will attempt to acquire local traffic data for a more
in-depth case study. Traffic count and/or traffic camera data at the GWB toll booth could be used to
identify unusual activities (e.qg., traffic accidents, truck activity, or construction work) that may have
contributed to the high NO, concentrations. We plan to also determine whether surface
meteorological data for the near-road site are available but not reported ; such datacan be used to
better understand whether local-scale meteorology may have led to the high NO, concentrations.
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Figure 17. The location of the New YorkNew Jersey CBSAearroad air gaulity monitoring site
on the New Jerseyside of theGeorge Washington Bridge toll booth on Interstate 95.
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Figure 18. Hourly NO, concentrations (top) and daily maximurh-hr NO, concentrations
(bottom) at the neafroad site (blue linesys. peak valuesimong three nearby NG, monitoring
sites (gray areas).
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Figure 19. The locations of the three nearby sitaghere NG, was measu
within 20 kmof the GWBnearroad site (red dot).
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3. Analysis

PM, s concentrations greater than 35 pg/m ® were observed at the Denver F25 near-road site on
February 7 (35.4 pg/n), 9 (44.4 pg/m®), and 10 (57.01 g/m®) of 2014. We examined the meteorology
and the PM, s concentrations at nearby sites on these days, to better understand whether there may
have been a regional PM, s episode and/or whether PM, 5 concentrations were higher near the
roadway than at other nearby monitors . Six PM,s monitoring sites within 20 km of the near -road site
were found; Figure 20 shows a map of the Denver area with these monitoring sites, and Figure 21

shows a close-up view of the near-road site.

Figure 22 shows the daily PM, 5 concentrations at the near-road site and the maximum PM, s
concentrations across the six nearby sitesOn February 7, he 24-hr average PM, 5 concentrations at
the near-road site were slightly lower than the maximum concentrations at the other six nearby sites.

40



3. Analysis

On February 9 and 1Q however, concentrations at the near-road site were 7-12 pg/m * higher than at

other nearby sites.

We examined hourly near-road PM, s, wind speed, wind direction, and temperature in February.
February 7 was a cold day with inversions and low wind speed there were multiple hours where
PM, s was greater than 40 pg/m®. On February 9 and 10 wind speeds were modest(below 5 mph);
PM, s rose quickly in the morning of the 9 th and stayed high for nearly two days. Winds were mostly
from the north ; the near-road site was downwind of the central Denver area and also immediately

downwind of a section of the I-25 freeway.
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Figure 21. Close up view of Denver nearoad monitor next to }25.
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Figure 22. DailyPM, s concentrations( §/m?) atthe nearroad site in Denver (bludines and the maximum
PM, s concentrations among six sites within 20 km of the neaad site gray) during JanuargMarch 2014.

3.4 Other Sites Near Major Roads

Using the spatial analysis described in Section 2.3, we identified 3 CBSAs withair quality monitoring
sites, in addition to t he official near-road sites, that met the following criteria: (1) the monitor was
active in 2014; (2) the monitor is within 50 m of a major roadway:* and (3) the monitor measures
PM, s and/or NO ,. Of the identified monitors, some use Federal Reference Method (FRM) or Federal
Equivalent Method (FEM) sampling methodologies, while some use other sampling methodologies
that may not be of equal quality. Ten sites measured NO,; none of the se sites measured
concentrations greater than 100 ppb in 2014. This resultis consistent with results from the official
near-road sites. Annual averages at all sites were between 2ppb and 23 ppb. As shown in Figure 23,
the median hourly concentration was typically between 10 ppb and 20 ppb, and the overall mean
hourly NO, was 14 ppb for the five-year period from 2009 to 2014 (Figure 24). Hourly concentrations
at two sites, in Philadelphia and Schiller Parkwere greater than 100 ppb. However the three-year

* We used GIS search tools combined with U.S. Cesus Bureau Feature Class Codes#8A16 (primary road with limited access, or
interstate highway) and A208A28 (primary highways) to identify major roads.
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average (201252014) 98" percentile values werebelow 100 ppb in both Philadelphia (53.5 ppb) and
Schiller Park (62.3 ppb)

Hourly NO2 Concentration (ppb)

Boston, MA—

Burlington, VT—

Kansas City, MO—

XX XOK X X0 WXXXX X

Knowlton, NJ—

Cleveland, OH— | x % xx w00 x x x| oxx x

(Near) YEIIOWStOne, MT— ﬂ»mxmmxxmmxmxxnnxxx HAXXKK KX X X XX

Philadelphia, PA—] Dj S e \
Portland, ME— | [D ‘ -k |
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Figure 23. Hourly NO, concentrationsnear major roadwaysn 200952014, measuredat
routinely operating monitoring siteseparate from the national nearoad monitoring network.
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Figure 24. Distribution ofhourly NO, concentrations at monitorsiear major roads for 2008
2014, measured atroutinely operating monitors separate from the national neavad
monitoring network.The NO, NAAQS threshold is also indated.

We identified 33 CBSAs with PM s monitoring sites that are near roadways but are outside of the
official near-road network . The annual means at three sites (Cleveland, Schiller Park, andear
Atlanta) were greater than 12.0 pg/m? during some years in the 200952014 time period (Figure 25).
However, only the Cleveland site exceeded (12.6 pg/m®) the annual standard based on the three-year
mean (2012562014). In addition, 19 sites measured 24hr concentrations that were greater than

35 pg/m 3 (shown in Figure s 26 and 27). None of the sites recorded a three-year average 98"
percentile greater than 35 T g/m ® during 201252014.
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Figure 25. Distribution ofannual averagePM, s concentrationsin 200992014 at routinely
operating monitors near roadways butseparate from the national nearoad monitoring
network The NAAQS threshold is also indicated.
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Figure 26. Distribution of24-hr PM, s concentrationsin 200992014 at routinely operating
monitors near roadwaysbut separate from the national nearoad monitoring network.The
NAAQS threshold is also indicated.
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Figure 27. 24-hr PM, s concentrations in 20082014 at routinely operating monitorsnear
roadways butseparate from the nationahearroad monitoring network.Numbers in
parentheses indicate collocated monitors for a city.
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