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Executive Summary 

Overview 

The Michigan Department of Environment, Great Lakes and Energy (EGLE) monitored several 
pollutants next to Highways I-96 and I-275 during 2016-2017. The pollutants were black carbon (BC), 
ultrafine particles (UFP), toxic carbonyls, toxic metals such as arsenic and chromium, fine particles 
(PM2.5), carbon monoxide (CO), nitrogen dioxide (NO2), and benzene, toluene, ethylbenzene, and 
xylene (BTEX). There were two monitoring locations: one in the environmental justice (EJ) community 
of Brightmoor, at Eliza Howell Park, and one in the non-EJ area of Livonia, 8 miles away.1 

 

Why Near-Road? 

Air pollution near roadways is typically higher than elsewhere in urban areas. As described on EPA’s 
Near Road Research Page2: 

“With more than 45 million people in the U.S. living within 300 feet of a major transportation facility or 
infrastructure, notably busy roads, there is concern about the potential health impacts from air 
pollutants emitted from cars, trucks and other vehicles.  Research has demonstrated that exposure to 
pollutants emitted from motor vehicles can cause lung and heart problems and premature death.” 

 
1 “Environmental justice” is meant to ensure that economically disadvantaged communities are not unfairly exposed 
to more risk from pollution than other communities. This study intentionally compares a disadvantaged EJ community 
to a non-EJ community while also studying pollution near major roads. 
2 https://www.epa.gov/air-research/research-near-roadway-and-other-near-source-air-pollution 

This suite of measurements will help us  

(1) Quantify near-road air toxics concentrations in an environmental justice (EJ) area 
of Detroit next to I-96 (Eliza Howell Park), and a non-EJ area eight miles away 
next to I-275 (Livonia);  

(2) Compare near-road toxics concentrations to urban “background” 
concentrations, to national concentrations, and to health benchmarks; and  

(3) Evaluate concentrations under different traffic conditions: 138,000 vehicles per 
day at Eliza Howell (5,600 of which are commercial trucks) versus 200,000 per 
day at Livonia (12,200 of which are commercial trucks). 

https://www.epa.gov/air-research/research-near-roadway-and-other-near-source-air-pollution
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Communities 

• The Eliza Howell Park monitoring site is located in the Brightmoor EJ community of Detroit. 
Poverty in census tracts around the site can be in excess of 70%, and excess cancer risk is 
relatively high (for the United States), at about 80 excess cases per million. 

• The Livonia monitoring site is in the city of Livonia, a non-EJ area that includes low-density 
suburban subdivisions, shopping malls, and other land uses. 

 
Map of monitoring site locations. 

Findings 

• Concentrations of most pollutants are lower than during a prior study by EPA/FHWA in 2010-
2011, meaning that pollution levels next to the roadway tended to decrease over time; only 
BC was higher than in 2010-2011. 

• Concentrations are highest 10 meters (m) from the roadway, and they drop off substantially 
50 m to 100 m away. 

• Concentrations of toxic carbonyls and metals, such as manganese, chromium, and nickel, 
were highest 10 m from the roadway at Eliza Howell but were significantly lower at Livonia; 
these concentrations were generally similar to the range seen across the United States. 

• Concentrations of these toxic carbonyls and metals were below one-in-a-million cancer risk 
levels, with the exception of arsenic; however, arsenic concentrations were typical of other 
Midwestern cities and were not unusually high.  
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Abstract 11 

According to the U.S. Environmental Protection Agency (EPA), more than 45 million people live within 12 
300 feet of a major roadway. Poor air quality in such near-road environments contributes to adverse 13 
health outcomes as well as health disparities due to race and income between communities and 14 
populations. During 2010 and 2011, the U.S. Federal Highway Administration (FHWA) and the EPA 15 
measured mobile source air toxics (MSATs) adjacent to Interstate Highway 96 (I-96) in an 16 
environmental justice (EJ) community, Eliza Howell Park, in Detroit, Michigan. Our study, conducted 17 
six years later in 2016 and 2017, collected measurements of carbon monoxide (CO), nitrogen oxide 18 
(NO), nitrogen dioxide (NO2), oxides of nitrogen (NOx), black carbon (BC), particulate matter less than 19 
2.5 microns (PM2.5), ultra-fine particles (UFP), total suspended particulate (TSP) metals, and carbonyls 20 
in Eliza Howell Park (EH-NR) and in Livonia, a non-EJ near-road location adjacent to I-275 (LIV-NR) 21 
8 miles away. Hourly average concentrations of BC, PM2.5, CO, and NO/NO2/NOx at the Eliza Howell 22 
near-road site are from 1.4 times greater (CO) to 4.6 times greater (NO) than at the Livonia near-road 23 
site and from 1.3 times greater (CO) to 4.5 times greater (NO) than at a downwind monitoring site at 24 
Eliza Howell Park (EH-DW). Average hourly PM2.5 concentrations at the Eliza Howell near-road site 25 
were 12.0 µg/m3, compared to 7.5 µg/m3 at Livonia, while hourly average BC concentrations at Eliza 26 
Howell were 1.2 µg/m3 compared to 0.68 µg/m3 at Livonia. Concentrations of NO, NO2, and NOx 27 
were 8-28% lower during our study than in the EPA/FHWA study, and BC was higher, even though 28 
overall traffic volume was similar (AADT of 154,500 in 2016 versus 165,300 in 2010). Twenty-four hour 29 
carbonyl concentrations were also lower than in the EPA/FHWA study; acetaldehyde in particular was 30 
77%-80% lower (2.05-2.67 ppb average in the EPA/FHWA study versus 0.46-0.53 ppb here), while 31 
formaldehyde concentrations were 29%-30% lower (2.6-3.7 ppb average in the EPA/FHWA study 32 
versus 1.8-2.6 ppb here), suggesting that roadway emissions of these toxics have significantly 33 
decreased over approximately the past six years. These results serve to document multi-year 34 
concentration trends and establish baseline data for future-year comparisons, which can be used to 35 
evaluate control program impacts and allow EPA to demonstrate the effectiveness of new vehicle 36 
emissions requirements. 37 
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Introduction 38 

Background on Near-Road Air Quality 39 

Numerous studies have shown links between adverse health outcomes and exposure to traffic-40 
related air pollutants, especially for those in the areas adjacent to busy roadways with large volumes 41 
of truck traffic. Adverse effects include reduced lung function, asthma, cardiovascular disease and 42 
premature death (Health Effects Institute, 2010; Batterman, 2013; Brandt et al., 2014; Ghosh et al., 43 
2016; Kan et al., 2007; Kim et al., 2004; 2018; Rowangould, 2013; Ritz et al., 2014; Rioux et al., 2010). 44 
Concentrations of air pollutants such as nitrogen dioxide (NO2), black carbon (BC), and carbon 45 
monoxide (CO) are typically higher near roadways than elsewhere in the urban environment, while 46 
concentrations of particulate matter (PM) are modestly higher (Baldauf et al., 2008; Karner et al., 47 
2010; Zhang et al., 2004; Zhu et al., 2002a; 2009; Jeong et al., 2019; Brown et al., 2014; Hagler et al., 48 
2010). Pollutant levels decrease with increasing distance from the roadway and typically decrease to 49 
urban levels within a few hundred meters (approximately 500 feet), though the rate of decrease 50 
varies by pollutant and meteorological conditions (Karner et al., 2010; Health Effects Institute, 2010).  51 

Ultrafine particles (UFP), which are typically defined as particles that are less than 100 nanometers in 52 
diameter, dominate total particle number counts in ambient air but contribute little to PM2.5 mass 53 
overall (de Jesus et al., 2019; Health Effects Institute, 2013). In urban areas, UFP are predominantly 54 
from mobile source emissions (Riddle et al., 2008; Marmur et al., 2006; Kleeman et al., 2009; Kulmala 55 
et al., 2004; Kumar et al., 2014; Salma et al., 2014; Harrison et al., 2011), though other sources such as 56 
airports, natural gas combustion, and cooking can also contribute (Venecek et al., 2019; Kumar et al., 57 
2014; Ham and Kleeman, 2011). UFP can be emitted directly from combustion, or formed in the 58 
atmosphere via nucleation or condensation on pre-existing particles (Németh et al., 2018; Kulmala et 59 
al., 2004; Holmes, 2007; Brines et al., 2015; Salma et al., 2014; Canagaratna et al., 2010; Robinson et 60 
al., 2007).  61 

In urban areas, UFP concentrations can vary widely, even while particulate matter less than 2.5 62 
microns (PM2.5) is more homogenous (de Jesus et al., 2019). UFP concentrations are typically highest 63 
next to roadways, especially those with a higher number of heavy-duty vehicles (HDVs) (Harrison et 64 
al., 2011), and rapidly fall off within 100-300 m of the roadway (Karner et al., 2010; Zhu et al., 2002b), 65 
and with strong spatial gradients within cities (Venecek et al., 2019). Concentrations at urban 66 
locations in the 2000s were 7-11 x 103 particles/cm3 for urban areas and 35-48 x 103 particles/cm3 for 67 
a range of roadside or street canyon monitoring sites (Health Effects Institute, 2013; Morawska et al., 68 
2008), though lower levels were reported by de Jesus et al. (roughly 15-20 x 103 particles/cm3 for 69 
roadside sites), using data from cities across the world (de Jesus et al., 2019). 70 

Background on This Study and Prior Work in the Same Locations 71 

According to the U.S. Environmental Protection Agency (EPA), more than 45 million people live within 72 
300 feet of a major roadway while another recent study found that nearly 20 percent of the U.S. 73 
population lives near high-volume roadways and that increased traffic density is associated with 74 
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larger disparities in race and income (U.S. Environmental Protection Agency, 2018; Rowangould, 75 
2013). The objective of this study was to compare concentrations of traffic-related air pollutants and 76 
their variability due to distance from the roadway, traffic conditions (e.g., traffic speed, volume, and 77 
vehicle types), and meteorological conditions, between two areas east of Detroit: Eliza Howell, an EJ 78 
area in the Brightmoor community, and Livonia, a non-EJ community. Census blocks in the 79 
Brightmoor community rank in the highest 80th percentile EJ index for cancer risk and PM2.5, 80 
according to the EPA EJ Screen (U.S. Environmental Protection Agency, 2017). This report focuses on 81 
measurements of CO, nitrogen oxide (NO), NO2, oxides of nitrogen (NOX), BC, particulate matter less 82 
than 2.5 microns (PM2.5), UFP, total suspended particulate (TSP) metals, and carbonyls at the Eliza 83 
Howell and Livonia monitoring sites; the differences between measurements at the two sites; and 84 
comparisons of these concentrations to national ranges. 85 

In order to assess how varying traffic conditions contribute to air toxics in an area where industrial 86 
sources are also significant contributors to local air toxics concentrations, the study leverages prior 87 
work by state and federal agencies. From 2010 to 2011, the U.S. Federal Highway Administration 88 
(FHWA) and the EPA measured mobile source air toxics (MSATs) adjacent to I-96 as part of their joint 89 
National Near-Road Study (Kimbrough et al., 2013) and Near-Road Exposures and Effects of Urban 90 
Pollutants Study (NEXUS) (Henry et al., 2011; Isakov et al., 2014; Vette et al., 2013; Kimbrough et al., 91 
2013). Our study uses the same monitoring locations at Eliza Howell, five years after the FHWA-EPA 92 
effort. In addition, our work builds on past efforts by the EGLE to assess toxics. The Detroit Air Toxics 93 
Initiative (DATI-1) measured toxics in 2001 and 2002, and EGLE completed follow-up measurements 94 
in 2006 and 2007 (DATI-2) (EGLE, 2010). By leveraging past state and federal work, our findings will 95 
document multi-year concentration trends and establish baseline data for future-year comparisons. 96 
Such trends analyses will document the impacts of control programs and allow EPA to demonstrate 97 
the effectiveness of new vehicle emissions requirements. 98 

Methods 99 

Sampling Site Locations. Air pollution was measured at three monitoring sites in two different 100 
communities in Detroit, Michigan, during 2016 and 2017. The measurement campaign included two 101 
monitoring sites in Eliza Howell Park (EH), an EJ area of Detroit next to I-96, and a third near-road 102 
monitoring site eight miles away in Livonia, a non-EJ area next to I-275 (Figure 1). The Eliza Howell 103 
near-road site (EH-NR) was located at grade and 8.5 m from I-96, and the Eliza Howell downwind site 104 
(EH-DW) was located at grade and 100 m from I-96. Both locations were used during the FHWA-EPA 105 
near-road study (Kimbrough et al., 2013) and are in the Brightmoor EJ community of Detroit. 106 
According to EPA’s EJ Screen (U.S. Environmental Protection Agency, 2017), poverty in census tracks 107 
around the Eliza Howell monitoring site can exceed 70%, and excess cancer risk is relatively high (for 108 
the United States), at about 80 per million. According to the Michigan Department of Transportation, 109 
annual average daily traffic (AADT) on this stretch of I-96 is 138,000 vehicles, 5,400 of which are 110 
commercial trucks. Our third site (LIV-NR) is located 9 meters above grade and 49 m from I-275 in 111 
Livonia, in one of the highest-traffic-count areas in Detroit. AADT there is nearly 200,000 vehicles, 112 
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12,200 of which are commercial trucks. This non-EJ area includes low-density suburban subdivisions, 113 
shopping malls, and other land uses.  114 

 115 

Figure 1. Google Earth views of (right) EH study area, next to I-96 in the Brightmoor 116 
community of Detroit; and (left) Livonia study area, next to I-275. The Livonia location 117 
represents suburban areas east and west of the freeway.  118 

Continuous Measurements (Air Quality and Meteorology). Long-term routine measurements at 119 
the three monitoring sites were augmented for two years with continuous measurements of BC using 120 
the Magee Scientific AE33 Aethalometer. The AE33 collects ambient aerosol onto a filter tape, and 121 
the absorbance of the material deposited on the tape is measured at seven wavelengths, ranging 122 
from 370 to 960 nm; the BC concentration reported is from the 880 nm channel. Raw 1-minute BC 123 
measurements were quality-controlled for instrument alarms and averaged to 5-minute and hourly 124 
resolution, requiring 75% completeness for each aggregate value. A Teledyne API Ultrafine Particle 125 
651 monitor was used to collect total particle counts at the EH-NR site. Flow rates were verified upon 126 
setup and monthly thereafter. Data were collected in the native 1-second time interval of the 127 
instrument and averaged up to 1-minute, 5-minute, and hourly values, requiring 75% completeness 128 
for each aggregate value. The BC and UFP measurements complemented existing hourly 129 
measurements of CO, NO/NO2/NOx, PM2.5, and wind speed and direction at all three sites; these 130 
measurements were obtained from EPA’s Air Quality System (AQS) database. 131 

Integrated measurements of Metals and Carbonyl. During a three-month intensive study in May 132 
through July 2017, EGLE collected 24-hr averaged TSP samples on glass fiber filers every other day at 133 
all three sites. Filters were analyzed for a standard set of metals by inductively coupled plasma mass 134 
spectrometry (ICP-MS) Federal Equivalent Method (FEM) (40 CFR Part 50 Appendix G and Part 58 135 
Appendix A), consistent with other TSP metal measurements in the area. Twenty-four-hour 136 



 

12 

2,4-dinitrophenylhydrazine (DNPH) cartridge samples were collected and analyzed via EPA Method 137 
TO-11a for carbonyls. Site visits occurred at least weekly during the two years and included flow 138 
verifications during sample set-up and take-down. During the three-month intensive period, EGLE 139 
staff visited the sites multiple times weekly to change filters and cartridges.  140 

National concentrations of TSP metals for the May-July 2017 time period were downloaded from 141 
AQS API in July 2019. Sites with at least six measurements over the time period were aggregated to 142 
get quarterly average concentrations. Each of these sites was used to create a national distribution of 143 
average concentrations for comparison to the near-road Michigan sites.  144 

Traffic. Traffic data were collected by EGLE at the Eliza Howell near-road location from November 1, 145 
2016, through January 17, 2017. Vehicle counts were recorded for all lanes every five minutes for six 146 
lengths of vehicles: less than 10 feet, 10-30 feet, 30-40 feet, 40-50 feet, 50-60 feet, and greater than 147 
60 feet. Vehicles greater than 40 feet were binned as “trucks” as in prior work (Cahill et al., 2016). 148 
Data were then aggregated to the total count of cars and trucks each hour.  149 

Data Validation and Analysis. All data were statistically and visually screened to identify outliers, 150 
instrument drift, flow issues, or other malfunctions. Of the data obtained from AQS, the CO data were 151 
limited to January-October 2016 because of baseline shifts that were observed during late 2016 and 152 
2017 at the Livonia site. Results presented here are restricted to the time period in 2016 when all 153 
data at all three monitoring locations did not have baseline shifts. BTEX data were limited to hours 154 
when the o-xylene/m,p-xylene ratio was 0.3 ±20%.  This is the typical ratio seen in the atmosphere 155 
and at other sites in Detroit. 156 

The measurements collected by site, as well as hourly summary statistics for the study time period, 157 
are provided in Table 1. The summary reflects statistics for the entire record of validated available 158 
data. Analyses where we compare concentrations among sites were limited to coincident data across 159 
all sites and are noted in the figure and table captions. 160 
  161 
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Table 1. Summary of measurements collected by site as well as hourly summary statistics for the study time period. 162 

Site Measurement 
(unit) Instrument 

Start 
Date 

(2016) 

End 
Date 

(2017) 
N Min. Max. Mean Med. St. Dev. 

EH-DW BC (µg/m3) Magee Scientific AE33 3-Feb 25-Aug 12345 -0.8 6.7 0.7 0.5 0.6 
EH-NR BC (µg/m3) Magee Scientific AE33 3-Feb 25-Aug 11320 0.0 15.4 1.2 0.9 1.0 
LIV-NR BC (µg/m3) Magee Scientific AE33 17-Aug 25-Aug 7763 0.0 6.3 0.7 0.5 0.7 
EH-DW CO (ppb) Thermo 48i 1-Jan 20-Oct* 6705 0.0 2.2 0.4 0.3 0.2 
EH-NR CO (ppb) Thermo 48i 1-Jan 19-Oct* 6482 0.0 2.2 0.5 0.4 0.2 
LIV-NR CO (ppb) Thermo 48i 1-Jan 20-Oct* 6720 0.0 1.3 0.3 0.3 0.1 
EH-DW NO (ppb) TECO 42C 1-Jan 31-Dec 16346 -0.3 192.0 4.8 1.0 11.6 
EH-NR NO (ppb) TECO 42C 1-Jan 31-Dec 16026 -0.3 195.0 20.9 12.8 22.8 
LIV-NR NO (ppb) TECO 42C 1-Jan 31-Dec 16326 -0.3 172.0 4.4 1.0 9.9 
EH-DW NO2 (ppb) TECO 42C 1-Jan 31-Dec 16348 -0.6 62.0 11.2 9.2 7.9 
EH-NR NO2 (ppb) TECO 42C 1-Jan 31-Dec 16383 -0.6 58.0 16.1 15.0 9.1 
LIV-NR NO2 (ppb) TECO 42C 1-Jan 31-Dec 16327 -1.1 51.0 9.4 6.9 8.0 
EH-DW NOX (ppb) TECO 42C 1-Jan 31-Dec 16337 0.6 227.0 16.0 11.0 17.1 
EH-NR NOX (ppb) TECO 42C 1-Jan 31-Dec 16030 0.9 233.6 37.1 29.0 29.7 
LIV-NR NOX (ppb) TECO 42C 1-Jan 31-Dec 16287 -1.3 223.0 13.9 8.0 16.4 
EH-NR PM2.5 (µg/m3) Met One BAM 1020 21-May 31-Dec 13404 -2.7 278.6 11.7 10.1 7.6 
LIV-NR PM2.5 (µg/m3) Met One BAM 1020 24-Aug 31-Dec 10178 -3.8 183.1 7.5 6.0 6.2 
EH-NR UFP (particles/cm3) Teledyne API 651 28-Oct 25-Aug 5080 446 92704 27645 22488 19637 

* Dates are for 2016 rather than 2017. 163 
  164 



 

14 

Results and Discussion 165 

Near-Road Air Pollution at Eliza Howell and at Livonia 166 

As shown in Table 1, hourly average concentrations of BC, CO, NO/NO2/NOx, and PM2.5 are greater at 167 
the Eliza Howell near-road site than at the Livonia near-road site or the Eliza Howell downwind 168 
monitoring site (Table 1 and Supplemental Figures). 169 

Based on all coincident measurements, average hourly BC concentrations at the Eliza Howell near-170 
road site were 1.2 µg/m3, compared to 0.68 µg/m3 at Livonia and 0.67 µg/m3 at the downwind 171 
location (Figure 2). This is 1.8 times greater at EH-NR than at LIV-NR and EH-DW. Mean BC 172 
concentrations were similar at LIV-NR and EH-DW, even though I-275 has a higher AADT and more 173 
commercial trucks than I-96, and the LIV-NR site is closer to the roadway than the EH-DW site (50 m 174 
compared to 100 m). In addition, the LIV-NR monitoring site is not at grade and may not represent 175 
conditions at grade with the road. Based on all coincident measurements, average hourly PM2.5 176 
concentrations at the Eliza Howell near-road site were 12.0 µg/m3 compared to 7.5 µg/m3 at Livonia 177 
(Figure 3). This is 1.6 times greater at EH-NR than at LIV-NR. Following what was seen in the BC data, 178 
it may be that background PM2.5 concentrations impacting EH-NR are higher, and that the influence 179 
of roadway emissions is stronger at EH-NR than at LIV-NR.  180 

 181 

Figure 2. Distribution of hourly black carbon concentrations at three near-road sites in 182 
Detroit, Michigan, from August 17, 2016, through August 25, 2017; coincident 183 
measurements for the time period are compared to coincident measurements on 184 
weekdays (WD) and weekends (WE). In box-whisker plots, the box shows the 25th, 50th 185 
(median), and 75th percentiles. The whiskers have a maximum length equal to 1.5 times 186 
the length of the box (the interquartile range, IQR). The boxes are notched at the median 187 
and return to full width at the 95% lower and upper confidence interval values.  188 
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 189 

 190 

Figure 3. Distribution of hourly PM2.5 concentrations at two near-road sites in Detroit, 191 
Michigan, from August 24, 2016, through December 31, 2017; coincident measurements 192 
for the time period are compared to coincident measurements on weekdays (WD) and 193 
weekends (WE). 194 

 195 

Analysis of Roadway Influence on Black Carbon 196 

Concentrations of BC were greater on weekdays than on weekends at all three sites (Figure 2). A 197 
larger weekday/weekend ratio in concentrations was observed at the EH-NR site (1.7) on weekdays 198 
versus weekends compared to the weekday/weekend ratio at LIV-NR (1.4) or EH-DW (1.2). This result 199 
is similar for CO and NO/NO2/NOx (see Supplemental Figures). PM2.5 concentrations were not 200 
significantly different between weekdays and weekends at either EH-NR or EH-LIV (Figure 3). Typical 201 
of urban monitoring locations, the influence of the roadway is relatively small (10% or less) 202 
compared to the regional urban background quantity of PM2.5 (Karner et al., 2010; Seagram et al., 203 
2019; DeWinter et al., 2018), and a relatively small increase is therefore observed during peak traffic 204 
conditions on weekdays. 205 

The influence of the roadway is also observable in BC concentrations when the monitoring sites are 206 
downwind of the freeway. Due to the east-west orientation of I-96 relative to the monitoring sites, 207 
both EH-NR and EH-DW were classified as “downwind” when winds originated from 90-270 degrees 208 
(Figure 1). LIV-NR was classified as “downwind” when winds originated from 0-180 degrees, due to 209 
the north-south orientation of I-275 (Figure 1). In Figure 4, the pollution rose shows an increase in 210 
BC concentrations when winds are from the south at EH-DW and EH-NR, and when winds are from 211 
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the east at LIV-NR. Downwind BC concentrations are significantly greater than upwind 212 
concentrations at all three sites (Figure 4). Mean downwind BC at EH-NR (1.7 µg/m3) was 2.4 times 213 
greater than mean upwind BC (0.7 µg/m3). A similar ratio (2.2) is observed at LIV-NR, where mean 214 
downwind BC was 1.1 µg/m3 and mean upwind BC was 0.5 µg/m3. The roadway influence was less 215 
pronounced at EH-DW, located 100 m from I-96, where mean downwind BC (0.8 µg/m3) was 1.5 216 
times greater than mean upwind BC (0.5 µg/m3). Downwind PM2.5 concentrations are also 217 
significantly greater than upwind concentrations at EH-NR and LIV-NR (Figure 5). Mean downwind 218 
PM2.5 at EH-NR (13.6 µg/m3) was 1.3 times greater than mean upwind PM2.5 (10.1 µg/m3). A similar 219 
ratio (1.2) is observed at LIV-NR, where mean downwind PM2.5 was 8.6 µg/m3 and mean upwind 220 
PM2.5 was 6.9 µg/m3. 221 

A moderate relationship (R2 = 0.56) is observed in BC between EH-NR and EH-DW during downwind 222 
conditions (Figure 6). As shown in Figure 4, meteorology was generally consistent across all three 223 
sites. However, the proximity of EH-NR to nearby trees to the northeast and southeast likely 224 
contributes to a greater frequency of winds from the west and southwest (“channeling effect”), which 225 
is not observed at the EH-DW site. It is possible this effect contributes to the differences in BC 226 
concentrations between EH-NR and EH-DW.  227 
  228 
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Figure 4. Distribution of black carbon concentrations at three near-road sites in Detroit, 229 
Michigan, from August 17, 2016, through August 25, 2017; coincident measurements for 230 
the time period are compared for all wind directions (middle) and during downwind 231 
versus upwind conditions (bottom). The top row displays the wind pattern during the 232 
same time period. The wind roses give a depiction of how wind speed and direction are 233 
typically distributed at a particular location. Presented in a circular format, the length of 234 
each “spoke” is related to the frequency of time that wind blows from that direction. The 235 
color of each spoke indicates differences in wind speed. 236 

 237 
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 238 

Figure 5. Hourly PM2.5 concentrations at Eliza Howell (EH-NR) and Livonia (LIV-NR) 239 
during downwind and upwind conditions.  240 

 241 

Figure 6. Comparison of hourly black carbon concentrations during downwind conditions 242 
at EH-NR and EH-DW. 243 

 244 

Analysis of Traffic Patterns on BC Concentrations at Eliza Howell 245 

During November-January, the average daily traffic total was 154,509 vehicles, including 4.4% heavy-246 
duty trucks and 95.6% cars/light-duty trucks. During the week, the average daily traffic total was 247 
170,807 vehicles, including 4.9% heavy-duty trucks and 95.1% cars/light-duty trucks. The average 248 
daily total of vehicles decreased over the weekend (113,026), with the typical fraction of heavy-duty 249 
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trucks decreasing to 2.0%. The reduction in truck volume on weekends is consistent with prior 250 
studies (Cahill et al., 2016). Overall, the average hourly speed was 67.5 mph (46.7-71.9 mph). This 251 
pattern was highly consistent throughout the three-month time period with the exception of the 252 
Thanksgiving and Christmas holidays, which had lower traffic volumes. 253 

The diurnal pattern of traffic volume for cars/light-duty trucks and heavy-duty trucks is shown in 254 
Figure 7. Consistent with urban commute patterns, a strong peak in cars/light-duty trucks is 255 
observed in the morning and evening on weekdays; this pattern is less evident in heavy-duty trucks, 256 
which are consistent throughout the weekday. 257 
 258 

 

 

Figure 7. Diurnal traffic patterns for cars and light-duty trucks (top) and heavy-duty 259 
trucks (bottom) during weekdays (WD) versus the weekends (WE). 260 
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The relationship between BC and the volume of cars/light-duty trucks and heavy-duty trucks is 261 
shown in Figure 8. A weak relationship (R2=0.24) is observed between BC and the volume of 262 
cars/light-duty trucks during downwind conditions. Consistent with prior findings, a modest 263 
relationship is observed between BC and the volume of heavy-duty trucks during downwind 264 
conditions (R2=0.35) compared to upwind conditions (R2=0.04) and all time periods (R2=0.2, not 265 
shown). After limiting the data to weekdays during downwind conditions, when variations in BC 266 
concentrations should best correspond to variations in traffic volumes, we observe a similar 267 
relationship (R2=0.32, not shown) between BC and the volume of heavy-duty trucks. The relationship 268 
is consistent controlling for only daytime (5:00 a.m. – 6:00 p.m.) hours (R2=0.11), as shown in 269 
Figure 8, or controlling for variations in wind speeds (Supplemental Figure S-6). 270 
 271 

  

  

Figure 8. Comparison of hourly BC concentrations with varying volumes of cars and light-272 
duty trucks (upper left) and with volume of heavy-duty trucks (upper right), during all 273 
days of the week downwind (red) versus all days of the week upwind (blue). Comparison 274 
of BC concentrations with varying volumes of cars and light-duty trucks (lower left), and 275 
with heavy-duty trucks (lower right), during downwind weekday daytime (red, 5:00 a.m. – 276 
6:00 p.m.) versus downwind weekday overnight (blue, 7:00 p.m. – 4:00 a.m.). 277 

 278 
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Carbonyls and TSP Metals  279 

Formaldehyde concentrations were highest at the Eliza Howell near-road site; concentrations at the 280 
Livonia near-road and Eliza Howell downwind sites were significantly lower than at EH-NR. Figure 9 281 
shows the comparison of concentration distributions for formaldehyde and acetaldehyde at the three 282 
Detroit sites compared to the average national concentration distribution for May–July 2017. 283 
Concentrations of acetaldehyde were significantly lower at most national sites than at Livonia near-284 
road. Concentrations of formaldehyde were significantly lower at most national sites than at Eliza 285 
Howell near-road. Median concentrations at other sites were not statistically distinguishable from 286 
national median concentrations. It is unclear why formaldehyde concentrations are higher at EH-NR 287 
and acetaldehyde concentrations are higher at LIV-NR. Typically, these two pollutants come from 288 
similar photochemical and combustion processes and would be expected to have relatively 289 
consistent relationships across an urban area unless there are specific emissions sources of the 290 
individual pollutants.  291 
 292 

 293 

Figure 9. Distribution of 24-hour concentrations of acetaldehyde and formaldehyde 294 
(ppb) in Detroit, Michigan, sites and at all national sites from May through July 2017.  295 

The relationship between formaldehyde and acetaldehyde across the three Detroit sites suggests a 296 
relatively straightforward correlation, although some striation in the sites may suggest different 297 
source influences (Figure 10). The uncertainty in the median concentrations (shown as the notches in 298 
the waist of the box-notch whisker plots in Figure 9) of formaldehyde and acetaldehyde at the two 299 
Eliza Howell sites overlap, but the Livonia site appears to have a higher acetaldehyde concentration 300 
for any given formaldehyde concentration, with a constant offset of approximately 0.3 ppb relative to 301 
the Eliza Howell sites. This offset is large enough that the difference of the fit over the observed 302 
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range is statistically significant. It is unclear what local source of acetaldehyde may be influencing the 303 
Livonia site.  304 

 305 

Figure 10. Scatter plot of daily average concentrations of acetaldehyde and 306 
formaldehyde (ppb) at the Detroit, Michigan, sites in summer 2017. Lines indicate the 307 
linear least squares fit to the data for each site. 308 

A comparison of the TSP metals with nationally collected metals data over the same time period 309 
shows that the metals concentrations for most pollutants were similar to or lower than national 310 
average ranges observed at other sites over the same time period (Figure 11). Concentrations of 311 
lead and manganese are slightly higher than national averages at the Eliza Howell Park near-road 312 
site. All other metals observed were at or below national range levels. 313 
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 314 

Figure 11. Distribution of concentrations of TSP metals (ng/m3) in Detroit, Michigan, sites 315 
and at all national sites from May through July 2017. Not all metals were available in the 316 
AQS dataset as of July 2019—those with no national range shown had no available data. 317 

Table 2 shows the mean concentration (μg/m3) measured at each site for the May–July 2017 period. 318 
Additional chronic exposure threshold benchmarks from EPA’s Office of Air Quality Planning and 319 
Standards (OAQPS) are provided for context.3 Note that the three-month averages from this study 320 
are not representative of an annual mean concentration, but are likely within a factor of 2-3 of the 321 
true annual mean (McCarthy et al., 2007). Pollutants without benchmarks (NA) have no EPA OAQPS 322 
dose-response threshold for comparison.  323 

Concentrations of acetaldehyde and formaldehyde are comparable to those seen in other urban 324 
areas. None of the other aldehydes is above health benchmark levels. Concentrations of arsenic are 325 
above one-in-a-million cancer risk levels, which is typical for U.S. cities east of the Mississippi River 326 
(McCarthy et al., 2009); other metals are all below cancer and noncancer risk thresholds. However, 327 
this comparison should be considered only as a screening level analysis when comparing to an 328 
annual exposure level, given the small sample size and limited seasonality.  329 
 330 

 
3 www.epa.gov/sites/production/files/2018-06/chronicfinaloutput_6_18_2018_10-09-26_am_1.xlsx, downloaded 
August 25, 2019. 

https://www.epa.gov/sites/production/files/2018-06/chronicfinaloutput_6_18_2018_10-09-26_am_1.xlsx
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Table 2. Mean concentrations (μg/m3) measured at each of the three Detroit sites from 331 
May-July 2017 compared to EPA OAQPS dose-response chronic thresholds (noncancer 332 
reference concentrations (RfC) and 1-in-a-million excess cancer risk).  333 

Pollutant EH-DW EH-NR LIV-NR RfC Annual 
(μg/m3) 

1-in-a-million 
risk (μg/m3) 

Acetaldehyde 0.82 0.95 1.2 9 0.45 
Acetone 0.91 0.94 1 NA NA 
Acrolein 0.039 0.055 0.041 0.35 NA 
Benzaldehyde 0.046 0.059 0.049 NA NA 
Formaldehyde 2.4 3.4 2.9 9 0.077 
Hexaldehyde 0.041 0.042 0.09 NA NA 
Methyl ethyl ketone 
and butanone 0.15 0.16 0.21 5000 NA 

Methacrolein 0.063 0.066 0.068 NA NA 
Propionaldehyde 0.12 0.14 0.16 8 NA 
Valeraldehyde 0.041 0.045 0.072 NA NA 
Arsenic (TSP)  0.0015 0.0012 0.0013 0.015 0.00023 
Barium (TSP)  0.03 0.076 0.023 NA NA 
Beryllium (TSP)  0.000024 0.000033 0.000019 0.02 0.000417 
Cadmium (TSP)  0.00011 0.00011 0.00014 0.01 0.00055 
Chromium (TSP)  0.002 0.0035 0.0016 0.1 0.000083 
Cobalt (TSP)  0.00015 0.00027 0.00014 0.1 NA 
Iron (TSP)  0.38 0.99 0.31 NA NA 
Lead (TSP)  0.0034 0.0046 0.0025 0.15 NA 
Manganese (TSP)  0.017 0.03 0.014 0.3 NA 
Molybdenum (TSP)  0.00058 0.0011 0.00027 NA NA 
Nickel (TSP)  0.0012 0.0019 0.00091 0.09 0.00208 
Vanadium (TSP)  0.001 0.0013 0.00079 NA NA 
Zinc (TSP)  0.035 0.069 0.025 NA NA 

 334 

UFP  335 

Average hourly UFP concentrations at EH-NR were 2.76 x 104 particles/cm3. This average is typical of 336 
roadside concentrations, which are historically between 3 x 104 and 5 x 104 particles/cm3 (Health 337 
Effects Institute, 2013; Morawska et al., 2008). These concentrations are higher than average 338 
concentrations adjacent to roadways in Chicago (Xiang et al., 2018) and are similar to concentrations 339 
seen in near-road studies elsewhere in the world (generally around 2.0 x 104 particles/cm3) (de Jesus 340 
et al., 2019). There is a clear diurnal pattern, with higher concentrations in the daytime compared to 341 
overnight. Overnight (10:00 p.m. to 5:00 a.m.) concentrations are similar on weekdays and weekends; 342 
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in contrast, daytime (roughly 6:00 a.m. to 7:00 p.m.) concentrations are typically twice as high on 343 
weekdays as on weekends (Figure 12). 344 
 345 

 

 
 

Figure 12. Diurnal pattern in UFP concentrations during the week (top) compared to the 346 
weekend (bottom). 347 

UFP concentrations had little correlation with other pollutants such as BC (R2 = 0.32) or with wind 348 
speed (R2 < 0.01) or relative humidity (R2 < 0.01). However, there is a clear and significant difference 349 
in concentrations when the monitoring site is upwind or downwind of the freeway that is evident 350 
regardless of wind speed, relative humidity, or other factors. In Figure 13, the polar plot shows a 351 
clear distinction in concentration levels across all wind speeds between upwind (270-90 degrees) and 352 
downwind (90-270 degrees), with higher concentrations when winds are perpendicular or near 353 
perpendicular to the freeway (i.e., from the south). High concentrations of UFP are seen across a wide 354 
range of RH conditions, when winds are downwind of the freeway, and when winds are generally less 355 
than 10 m/s (see Figure 13 bottom).  356 
 357 



 

26 

 

 

Figure 13. (top) Polar plot for hourly UFP concentrations (particles/cm3) at EH-NR; and 358 
(bottom) UFP concentrations (particles/cm3) compared with RH, colored by wind direction 359 
(downwind is ~90 to 270 degrees) and sized by wind speed (points with lower wind speed 360 
have smaller markers). In the polar plot (top), hotter colors (orange, red) indicate higher 361 
concentrations; concentric circles indicate the wind speed (m/s); and the location of the 362 
color indicates the direction the wind is coming from. In the bottom plot, higher UFP 363 
concentrations occur under a range of RH conditions (y axis), but only during downwind 364 
conditions (green and blue dots) and typically under lower wind speeds (smaller dots). 365 

 366 

Benzene, Toluene, Ethylbenzene, and Xylene (BTEX) Results 367 

Concentrations of benzene, toluene, ethylbenzene, and xylene (BTEX) were all significantly higher at 368 
the EH-NR site compared to EH-DW and Livonia; Figure 14 shows a box plot of hourly average 369 
concentrations by site. Benzene was, on average, 0.32 μg/m3 at EH-NR, equal to 0.1 ppb. This is lower 370 
than the 0.46 ppb reported in the EPA/FHWA study, though that study had intermittent collection of 371 
1-hour VOC samples at peak traffic times in the morning and evening, so may not be strictly 372 
comparable. Concentrations of benzene and toluene were significantly higher on weekdays 373 
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compared to Sundays at EH-NR, but there was no significant difference in weekdays and Sundays for 374 
BTEX species at either EH-DW or Livonia.  375 

 376 

 377 

Figure 14. Notched box plot of benzene, ethylbenzene, toluene, and total xylenes 378 
concentrations (μg/m3) by site. 379 

 380 

Comparison to Prior Studies 381 

Prior work at the Eliza Howell sites has been conducted by EPA, FHWA, and others as part of the 382 
EPA/FHWA Detroit Near-Road Study and the Near-Road Exposures and Effects of Urban Pollutants 383 
Study (NEXUS) (Henry et al., 2011; Isakov et al., 2014; Vette et al., 2013; Kimbrough et al., 2013). In the 384 
EPA/FHWA study, BC, NO/NO2/NOx, PM2.5, CO, particles with diameter greater than 20 nm, and 385 
carbonyl concentrations were measured from September 29, 2010, to June 15, 2011, at the same 386 
near-road and downwind sites as in our study (Kimbrough et al., 2013). Carbonyls were measured for 387 
1 hour, twice a day at peak traffic times, five days every quarter (N=30). In the NEXUS study, BC, 388 
PM2.5, NO/NO2/NOx and other pollutants were measured at the Eliza Howell downwind location 389 
during September–October 2010 (Vette et al., 2013). Here, we focus our comparison on the 390 
EPA/FHWA study, since it had measurements over the course of many months versus roughly a 391 
month of measurements in NEXUS. 392 
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Concentrations of NO, NO2, and NOx were lower during our study than in the EPA/FHWA study, even 393 
though overall traffic volume was similar (AADT of 154,500 in 2016 versus 165,300 in 2010). NO2 was 394 
8% lower at the near-road site (17.4 ppb to 16.1 ppb) and 26% lower at the downwind site (15.2 ppb 395 
to 11.2 ppb), meaning the ratio of concentrations at the downwind to near-road sites went from 0.87 396 
to 0.70. NOx concentrations were 22% lower at the near-road site (48 ppb to 37 ppb) and 34% lower 397 
at the downwind site (24 ppb to 16 ppb), though the ratio of concentrations at the downwind site to 398 
near-road site decreased slightly (0.50 to 0.43). Thus, both NOx and NO2 have a steeper gradient 399 
between the downwind and near-road site in 2016-2017 than in 2010. BC concentrations at both the 400 
near-road and downwind sites increased by 35%-40%; at near-road sites, BC increased from 401 
0.86 µg/m3 to 1.2 µg/m3 and at downwind sites, BC increased from 0.52 µg/m3 to 0.7 µg/m3. With a 402 
consistent increase at both sites, the ratio between sites was similar in both studies (0.58 and 0.60), 403 
meaning that while NO2 and NOx have a steeper near-road gradient and lower concentrations, BC 404 
had a similar gradient between the studies with higher concentrations. The source of this increase in 405 
concentrations is unclear, since traffic and trucks were similar in both studies. The average 406 
concentration when the near-road and downwind sites are downwind of the freeway (i.e., winds from 407 
the south) also increased, from 1.28 μg/m3 to 1.86 μg/m3 at the near-road site, and from 0.70 μg/m3 408 
to 0.90 μg/m3 at the downwind site, further suggesting that increases in traffic or changes in traffic 409 
mix led to the increased BC concentrations. Alternatively, it may be that differences in 410 
instrumentation could be the cause; the EPA/FHWA study used an AE22 model Aethalometer, while 411 
here we used the newer AE33 model Aethalometer.  412 

Carbonyl concentrations were lower than in the EPA/FHWA study at both the near-road and 413 
downwind locations, though sampling methods were quite different (1-hr rush-hour samples in 414 
EPA/FHWA versus 24-hour samples here). Acetaldehyde in particular was 77%-80% lower 415 
(2.05-2.67 ppb average in the EPA/FHWA study versus 0.46-0.53 ppb here), with a smaller difference 416 
in the ratio between the downwind and near-road site (0.77 ppb in the EPA/FHWA study versus 417 
0.86 ppb here), suggesting that roadway emissions of acetaldehyde have significantly decreased over 418 
the past six years. Formaldehyde concentrations were 29%-30% lower (2.6-3.7 ppb for the EPA/FHWA 419 
study versus 1.8-2.6 ppb average here, with the same ratio in downwind to near-road concentrations 420 
as before (~0.70). 421 

Conclusions 422 

Our study offers an updated reporting of MSAT concentrations in the EJ area of Eliza Howell between 423 
2010-2011 and 2016-2017. In comparing the EH-NR and LIV-NR sites, our study found significant 424 
differences in concentrations of BC, UFP, PM2.5, and CO/NO/NO2/NOx as a result of vehicle emissions 425 
and proximity to freeways. The greatest impact from on-road emissions is at the EH-NR site, which is 426 
closer to the roadway than either the EH-DW or LIV-NR site. The differences between the EJ 427 
community of Eliza Howell and the non-EJ community of Livonia are unclear, as the concentrations 428 
observed at the EH-DW and LIV-NR locations were similar. Similar to prior work, the relationship 429 
between BC and vehicle emissions could not be well established using only the metrics of traffic 430 
counts for cars or trucks.  431 
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At the Eliza Howell Park near-road site, concentrations of acetaldehyde and formaldehyde were 432 
comparable to those seen in other urban areas, and none of the other aldehydes were above health 433 
benchmark levels. Concentrations of TSP metals were similar to or lower than data collected 434 
nationally; concentrations of lead and manganese were only slightly higher than national averages. 435 
While concentrations of NO/NO2/NOx have decreased between our study and the prior results from 436 
EPA/FHWA in 2010-2010, BC concentrations at both the near-road and downwind sites increased by 437 
35%-40%. The reason for the increase is unclear, although differences in instrumentation could be 438 
the cause. At both the near-road and downwind locations, carbonyl concentrations have decreased 439 
since the EPA/FHWA study. The pollutants reported here are significant for their health impacts, and 440 
the multi-year documentation of concentrations can be used by EGLE to evaluate control program 441 
impacts and allow EPA to demonstrate the effectiveness of new vehicle emissions requirements. 442 
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Supplemental Information 622 

 623 

Figure S-1. Distribution of CO concentrations at three near-road sites in Detroit, 624 
Michigan, from January 1, 2016, through August 19, 2016; coincident measurements for 625 
the time period are compared to coincident measurements on weekdays (WD) and 626 
weekends (WE). 627 

 628 

Figure S-2. Distribution of NO concentrations at three near-road sites in Detroit, 629 
Michigan, from January 1, 2016, through December 31, 2017; coincident measurements 630 
for the time period are compared to coincident measurements on weekdays (WD) and 631 
weekends (WE). 632 
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 633 

Figure S-3. Distribution of NO2 concentrations at three near-road sites in Detroit, 634 
Michigan, from January 1, 2016, through December 31, 2017; coincident measurements 635 
for the time period are compared to coincident measurements on weekdays (WD) and 636 
weekends (WE). 637 

 638 

 639 

Figure S-4. Distribution of NOx concentrations at three near-road sites in Detroit, 640 
Michigan, from January 1, 2016, through December 31, 2017; coincident measurements 641 
for the time period are compared to coincident measurements on weekdays (WD) and 642 
weekends (WE). 643 
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 644 

 

 

 

Figure S-5. Distribution of PM2.5 concentrations at two near-road sites in Detroit, 645 
Michigan, from August 24, 2016, through December 31, 2017; coincident measurements 646 
for the time period are compared for all wind directions (middle) and during downwind 647 
versus upwind conditions (bottom). The top row displays the wind pattern during the 648 
same time period. 649 



 

37 

 650 

 651 

Figure S-6. Comparison of BC concentrations with heavy-duty trucks during downwind 652 
weekday daytime (5:00 a.m. – 6:00 p.m.) when winds are calm (less than 3 mph), moderate 653 
(3-6 mph), and sustained (greater than 6 mph). 654 

 655 
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 656 
Figure S-7. Distribution of CO concentrations at three near-road sites in Detroit, 657 
Michigan, from January 1, 2016, through August 19, 2016. 658 

 659 
 660 

 661 
Figure S-8. Distribution of NO concentrations at three near-road sites in Detroit, 662 
Michigan, from January 1, 2016, through December 31, 2017. 663 

 664 
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 665 
Figure S-9. Distribution of NO2 concentrations at three near-road sites in Detroit, 666 
Michigan, from January 1, 2016, through December 31, 2017. 667 

 668 
 669 

 670 
Figure S-10. Distribution of NOx concentrations at three near-road sites in Detroit, 671 
Michigan, from January 1, 2016, through December 31, 2017. 672 
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