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(a) 

 
(b) 

 
(c) 

Figure 3.2.4: Built environment characteristics for (a) Location 1, (b) Location 2, 
and (c) Location 3. Aerial photography courtesy Google.com. (North towards top of 

page.) 
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3.3. Instrumentation 

Particulate matter concentrations were monitored both inside and outside the 

shelter simultaneously to control for any changes in environmental conditions. PM1.0, 

PM2.5, and PM10 measurements were made using two DustTrak DRX Aerosol Monitors 

(TSI Model 8533). DustTrak monitors are capable of measuring concentrations between 

1 µg/m3 and 150,000 µg/m3, and have a resolution of ±0.1% of reading or 0.001 mg/m3, 

whichever is greater. Both units were calibrated to a zero filter prior to each use. UFP 

measurements were made using two P-Trak Ultrafine Particle Counters (TSI Model 

8525), capable of measuring concentrations between zero particles/cm3 and 5×105 

particles/cm3 and particle sizes between 0.02 μm to 1 μm in diameter. The DustTraks and 

P-Traks were started simultaneously and operated continuously at one-second resolutions 

for the entirety of the sampling period. Before data collection, both sets of instruments 

were run side-by-side in the laboratory to ensure that measurements were highly 

correlated (r2= 0.996). 

Device intake points were set at five feet above the ground, following standard 

practice observed in similar studies (Hess et al. 2010; Kaur, Nieuwenhuijsen, and Colvile 

2005; Gulliver and Briggs 2004; Adams et al. 2001). Inside the shelter, intake points 

were placed in the center of the shelter, approximately six inches from the rear panel 

(referenced as “inside monitor”). Outside the shelter (referenced as “outside monitor”), 

intake points were placed three feet from the shelter, mimicking the distance set by Hess 

et al. (2010), at the same distance from the curb as the inside monitor. Devices were 

randomly rotated between inside and outside locations at the beginning of each sampling 

period (morning and afternoon periods). 
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Placement of the outside monitor required an assumption about where patrons 

would most likely congregate while waiting for bus arrivals. Location 3 set the precedent 

for other locations due to the presence of a concrete pad next to one side of the shelter, 

providing patrons an additional place to stand while waiting for the bus. The other side of 

the shelter is unpaved and laid with mulch. Assuming patrons would most likely choose 

to wait on the paved side rather than the unpaved side, monitoring the paved side would 

replicate exposure. The concrete pad is located upstream (against the flow of traffic) of 

the Location 1 shelter. To maintain consistency, the outside location was then placed 

upstream at Location 1 and Location 2. For near-side shelters (Locations 1 and 2), this 

setup results in the outside monitor being farther from the intersection than the monitor 

inside the shelter; for the far-side shelter (Location 3), the outside monitor is closer to the 

intersection than the monitor inside the shelter. 

Wind speed and direction were measured using an RM Young Ultrasonic 

Anemometer (Young Model 81000), placed next to the outside location particulate 

monitors. The wind speed sensor has a range of 0-40 m/s, and an accuracy of ±1% rms 

for wind speeds up to 30 m/s and ±3% rms for wind speeds 30-40 m/s. The wind 

direction sensor has an accuracy of ±2 degrees for wind speeds up to 30 m/s and ±5 

degrees for wind speeds 30-40 m/s. The anemometer was placed as close to the outside 

particulate monitors as possible, slightly upstream from the shelter. 

Traffic data were collected using an RTMS G4 unit (ISS Model K4-LV-CAM). 

The RTMS (Remote Traffic Microwave Sensor) unit is a radar sensor capable of 

providing per-lane presence as well as volume, occupancy, speed and classification 

information. The RTMS unit is designed for mid-block operation and depends on vehicle 
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movement for detection, and does not reliably note vehicles if they come to a stop in its 

field of view. To counter problems associated with vehicle queuing, the unit was placed 

approximately 60-70 feet away from the intersection in an effort to avoid stopping 

vehicles. A major limitation of the RTMS unit is that it was only capable of recording 

traffic in the direction of travel closest to the bus stop shelter. For instance, at Location 1 

traffic data were only collected for the westbound direction of travel. This amounts to 

three lanes of travel (See Section 3.1 for lanes of travel at each location). In effect, only 

half of the roadway was captured for each location, and thus only half of traffic. 

Temperature and relative humidity data were gathered from a nearby fixed 

monitoring station. The station is located 1.2 miles, 0.97 miles, and 0.15 miles away from 

Locations 1, 2, and 3, respectively. Data were available in approximately five-minute 

intervals, and were interpolated to smaller intervals to match the rest of the data. For 

reasons discussed in Section 2.4, care must be taken when interpreting temperature and 

relative humidity analysis given shortcomings associated with fixed monitoring stations 

in this type of study. 
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3.4. Sampling 

Particulate matter concentration data were collected during morning peak (7:00 

am – 9:00 am) and evening peak (4:00 pm – 6:00 pm) periods at each shelter. Data were 

collected on two different days at each shelter, yielding two morning and two evening 

sample sets for each location. Data collection occurred primarily on Fridays between late 

March and mid-May, with one collection on a Tuesday at both Location 1 and Location 

3. Collection days were rotated between shelters so as to best account for gradual changes 

in meteorological conditions as winter progressed to spring. Table 3.4.1 details data 

collected on each date and at each location. 

Data were not collected during one evening period at Location 1 due to poor 

weather conditions. Data were only partially collected for one morning period at Location 

2 due to a power issue when the batteries for one device failed unexpectedly. Wind speed 

and direction were collected during four sampling periods: morning wind data on April 8 

and April 29, evening wind data on March 22 and May 13. Wind data were unable to be 

collected on other collection dates due to poor weather conditions. 

 
Table 3.4.1: Data Collected by Date 

  
Location 1 Location 2 Location 3 

April 5 April 29 April 8 May 13 March 22 April 15 
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4. RESULTS 

4.1. Summary 

Data for each sample date were combined into one data frame for analysis. Data 

were organized into dependent and independent variables. Table 4.1.1 provides 

definitions and units for each variable, as well as its classification. 

All data were aggregated from five-second intervals to one-minute intervals and 

all analysis is based on this level of resolution unless otherwise noted. Table 4.1.2 

presents summary statistics for all days, discussed further in the remainder of this section. 

The mean UFP concentration was 34,815 pt/cc for all data collected. The mean 

values of PM1.0, PM2.5, and PM10 were 21.53, 22.02, and 24.98 µg/m3, respectively. 

These values, shown in Table 4.1.2, are in line with existing literature results for near-

road conditions. 

Independent variables investigated include orientation to the roadway, bus stop 

location (near side or far side), vehicle flow, heavy vehicle flow, wind speed, wind 

direction, temperature, and relative humidity. 

Vehicle flow averaged 1,285 vehicles per hour. Note that this unit of measure is 

not vehicles per hour per lane. Rather, this is an average of all lanes of travel in the 

direction closest to the shelter (three lanes at each shelter). 
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Table 4.1.1: Variable Definitions 
Variables Definition Unit 

DEPENDENT VARIABLES 

UFP Continuous variable describing concentration pt/cc 

PM1.0 Continuous variable describing concentration µg/m3 

PM2.5 Continuous variable describing concentration µg/m3 

PM10 Continuous variable describing concentration µg/m3 

INDEPENDENT VARIABLES 
Location   

Location 1 Dummy variable, =0 if Location 2 or 3; =1 otherwise 0,1 

Location 2 Dummy variable, =0 if Location 1 or 3; =1 otherwise 0,1 

Location 3 Dummy variable, =0 if Location 1 or 2; =1 otherwise 0,1 

Vehicles   

Vehicle Flow 
Continuous variable describing number of vehicles 
present 

veh/hour 

Vehicle Flow – lagged 
Continuous variable describing number of vehicles 
present in previous one, two, or three minutes 

veh/hour 

Heavy Vehicle (Truck) Flow 
Continuous variable describing number of heavy 
vehicles present (defined as length > 6 m) 

veh/hour 

Heavy Vehicle Flow – lagged 
Continuous variable describing number of heavy 
vehicles present in previous one, two, or three minutes 

veh/hour 

Weather   

Wind Speed Continuous variable describing wind speed m/s 

Wind Speed – lagged 
Continuous variable describing wind speed in previous 
one, two, or three minutes 

m/s 

Wind Direction – Towards 
Shelter 

Percent of wind blowing towards the shelter over a 
one-minute interval 

% 

Wind Direction – Away from 
Shelter 

Percent of wind blowing away from the shelter over a 
one -minute interval 

% 

Wind Direction – With the 
Direction of Traffic 

Percent of wind blowing in the direction of traffic 
closest to the shelter over a one-minute interval 

% 

Wind Direction – Against the 
Direction of Traffic 

Percent of wind blowing against the direction of traffic 
closest to the shelter over a one-minute interval  

% 

Wind Direction – lagged 
Percent of wind blowing in each direction over the 
previous one, two, or three-minute interval 

% 

Temperature Continuous variable describing temperature 
degrees 
Celsius 

Relative Humidity Continuous variable describing relative humidity % 

 


