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Instrument Deployment Images
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[bookmark: _Hlk8140995]Figure S1. BGI PQ200 Particulate Sampler with solar panel and battery.
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[bookmark: _Hlk8141047]Figure S2. P-POD.
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[bookmark: _Hlk8141094]Figure S3. AirMapper.
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[bookmark: _Hlk8141110]Figure S4. Example of one of the mobile monitoring vehicles (GMAP) with on-board instruments.
Data Logging and Data Streaming
Data logging referred to herein is defined as manual data entry such as data provided from the laboratory analysis of particulate filters or data electronically written to a USB memory ‘stick' or microSD memory card. Data streaming referred to herein is defined as electronically transmitting data via modem to an EPA server. Data from the P-PODs was written to both a microSD card and streamed to an EPA server via modem. Data from the MetOne E-BAMs, GMAP, and AirMappers were logged via a USB memory stick or microSD card. Data from the BGIs were imported into MS Excel spreadsheet(s). Data from the gravimetric and EC/OC analysis was logged via MS Excel spreadsheet(s). These multiple data streams and the data flow of raw data through the validation process are shown in Figure S5.
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[bookmark: _Hlk8141127]Figure S5. Data Flow from Instrument/Sensor Packages.

VIPER Data Streaming 
Data from the P-POD’s was electronically streamed to an EPA server using EPA’s VIPER system. "VIPER is a wireless network based communications system designed to enable real-time transmission of data from field sensors to a local computer, remote computer, or enterprise server and provide data management, analysis, and visualization (U.S. EPA, 2018)." 
VIPER is an established data management system within EPA and utilizes the Common Alerting Protocol (CAP) XML to format data for storage on the server. Virtually any data set may be stored on VIPER so long as it meets the CAP XML format.
Sensor Troubleshooting
[bookmark: _Hlk8660019]The VIPER data streaming allowed for real-time or near-real-time analysis of P-POD troubleshooting, performance, and data analysis. Understanding sensor performance is critical to the KC-TRAQS project. An example of the P-POD data check is shown in Figure S6. The top panel provides an indication of data completeness for each sensor pod. This visual provides information regarding data dropouts due to communication failures or pod failure. The bottom left and right panels provides information regarding sensor performance across all sites. Reviewing the data provided KC-TRAQS team members with information regarding troubleshooting the P-POD and its components (Table S1).
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[bookmark: _Hlk8141147]Figure S6. Data completeness and comparisons for the P-PODS (wind U = wind from east-west directions, wind V = wind from north-south directions, BCIR = BC as measured by the infrared channel, BCUV = BC as measured by the ultraviolet channel.

[bookmark: _Hlk8141162]Table S1. P-POD Troubleshooting Actions.
	Component
	Symptom
	Possible Cause
	Action

	VIPER
	No data reported 
	VIPER Server
	Contact VIPER Help Desk

	
	Download failure
	
	

	P-POD
	No data from sensors
	Check battery, solar panel
	Replace battery or solar panel

	
	
	Connectivity issues
	Check modem, modem power

	
	Data dropouts
	
	Use microSD data to backfill database

	
	Ultrasonic Anemometer
	No data reported
RH peaking at 100% with no response 
	Temp/BP/RH failure
Teensy locked up
PM Sensor failure
	Replace Temp/BP/RH (BME280)
Reboot Teensy
Replace PM sensor (OPC-N2)

	
	PM Sensor
	
	
	

	
	Temp/BP/RH
	
	
	

	
	BC sensor
	No data reported
	Filter tape at end
	Replace filter tape

	
	
	
	Unit not charging
	Return to lab for recharging

	
	
	Attenuation data reporting zero
	Filter tape at end
	Replace filter tape

	
	
	Concentration data low compared to other sites
	Cyclone dirty
	Return cyclone to lab for cleaning



Data Management and Data Organization
Table S2 indicates the metadata for each data set generated by the study as of October 31, 2018. The goal is for all data sets created by the study to be stored as SAS data sets. This centralization provides the ability to manage the large data sets generated from this study. In addition, each data set has a data dictionary. The data dictionary contains the following for each parameter or variable: name, description, units, sensor type, minimum value, maximum value, comments, and code set. A code set is a descriptor or set of descriptors for ordinal or string values. An example of a code set is the filter sample type: SA = sample, FB = field blank.
[image: C:\Users\home\AppData\Local\Temp\HZ$D.003.486\chemosensors_logo.png][image: C:\Users\home\Desktop\logos\ori\png\logo-mdpi.png]
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[bookmark: _Hlk8141177]Table S2. Metadata - KC-TRAQS Data Sets.
	Instrument/
Sensor 
Package
	Data Resolution
	Fixed/
Mobile Site
	Key Parameters
	Time Period
	Approx. # of Data Points
	Data Streaming/Logging
	Output Format
	Data Storage/
Output

	P-POD
	1-minute continuous
	Fixed
	PM2.5, BCIR†, BCUV‡, wind speed, wind direction, temperature, relative humidity, barometric pressure
	October 24, 2017 – October 31, 2018
	375 x 106
	VIPER
	CSV
	SAS

Multiple data output formats available

	BGI PQ200
(filter-based)
	24-hour integrated
	
	PM2.5 concentration
	October 24, 2017 – October 31, 2018
	30,700
	Manual/
Spreadsheet
	MS Excel
	

	
	
	
	Elemental carbon, organic carbon, total carbon
	
	26,800
	
	
	

	E-BAM
	10-minute continuous
	
	PM2.5
	mid-February 2017 – October 31, 2018
	450,000
	USB Flash Drive
	CSV
	

	AirMapper
	10-second continuous
	Mobile
	PM2.5, CO2, latitude, longitude, temperature, relative humidity
	October 24, 2017 – October 31, 2018
	120,000
	microSD Card
	
	

	GMAP
	1-second continuous
	
	PM2.5, Ultrafines, BC, 
	Fall Intensive: October 16, 2017 – November 14, 2017
Spring Intensive: 
February 19, 2018 – March 18, 2018
	10 x 106
	Data logger/laptop/
USB flash drive
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†BCIR = BC as measured by the infrared channel, ‡BCUV = BC as measured by the ultraviolet channel.
QA Methods and Protocols
An EPA approved quality assurance project plan (QAPP) applicable to the study discussed herein includes measurements for PM1, PM2.5, PM10, particle counts by bin size, BC, EC/OC, NO2, CO, CO2, wind speed, wind direction, relative humidity, barometric pressure, and temperature from: (1) six (6) fixed measurement sites; (2) mobile measurements; (3) AirMapper; and (4) laboratory analysis. 
As data is received from the various instruments, sensors, and laboratory analysis, preliminary quality assurance (QA) screening takes place. This preliminary QA screening includes different levels of data checks. Level 1 checks are macro-level; Level 2 checks are intermediate-level; and Level 3 checks are detailed data assessments. Throughout the study Level 1 and 2 checks are performed routinely. Level 3 checks are only performed after the study has concluded. More details on the QA screening levels are as follows.
Level 1 Check
1. Check to see if all stations are represented in the sensor/instrument data file(s). 
1. Check to see if all variables are listed in each sensor/instrument data file. 
1. Check sensor/instrument data as the data compares across sites.
Level 2 Check
1. Check to see if the sensor/instrument data are recorded at the correct time resolution (e.g., 1-minute, 10-seconds).
1. Check sensor/instrument data for data streaming “dropouts” (e.g., modem/communications issues).
Level 3 Check
1. Perform summary statistics and inspect for variability issues.
1. Outliers Check: Values that are three standard deviations from the mean.
1. Low/High Check: Check the lowest five values and the highest five values for all parameters (e.g., PM2.5 concentrations, wind speed, wind direction, etc.).
1. Spikes: Checks to see if data quickly rises and then falls. Macro variables are used to control the sensitivity of this programming check.
The KC-TRAQS team continuously reviewed data from the P-PODs to assess sensor performance as the use of lower-cost sensors for air quality measurements is still being evaluated relative to their long-term performance. Examples of these comparison graphs are shown in Figure S6. The team uses these graphs to determine sensor maintenance activities. For example, as shown in the lower left pane are the U and V wind components for the wind sensors at each of the sites. KCTRAQS2 shows U and V sensor response followed by a flat line. This flat line indicated that the wind sensor is non-functional and should be reset either by cycling the P-POD’s power or a software reset is required.





[bookmark: _Hlk8141706]Mean, Median and Interquartile Ranges for PM2.5 and BCIR Concentrations (from P-POD)

[bookmark: _Hlk8141194]Table S3. Alphasense OPC-N2 Mean PM2.5 Concentrations for Selected Time Periods (raw, uncorrected values).
	PM2.5 Concentrations (µg/m3) – Mean Values

	
Site Name
	Full Study Period
	Spring
	Summer

	
	
	Month
	Week
	Day
	Month
	Week
	Day

	
	Oct. 24, 2017 – Oct. 31, 2018
	April 2018
	April 1-7, 2018
	April 20, 2018
	August 2018
	August 5-11, 2018
	August 26, 2018

	American Legion
	5.94
	6.97
	8.86
	5.65
	5.04
	3.70
	7.05

	Bill Clem
	4.23
	3.55
	---
	4.11
	5.41
	3.84
	8.94

	Clopper Field
	3.30
	3.68
	4.68
	4.30
	2.21
	1.73
	2.75

	Fire Station
	5.78
	3.10
	5.45
	5.56
	8.50
	6.75
	12.92

	Leo Alvey
	3.32
	1.61
	3.12
	2.55
	---
	---
	---

	Police Station
	4.09
	3.40
	3.12
	3.27
	4.09
	3.39
	5.50



[bookmark: _Hlk8141208]Table S4. Alphasense OPC-N2 Median PM2.5 Concentrations for Selected Time Periods (raw, uncorrected values).
	PM2.5 Concentrations (µg/m3) – Median Values

	
Site Name
	Full Study Period
	Spring
	Summer

	
	
	Month
	Week
	Day
	Month
	Week
	Day

	
	Oct. 24, 2017 – Oct. 31, 2018
	April 2018
	April 1-7, 2018
	April 20, 2018
	August 2018
	August 5-11, 2018
	August 26, 2018

	American Legion
	3.62
	4.63
	3.99
	4.03
	3.92
	3.34
	7.43

	Bill Clem
	2.69
	2.89
	---
	2.97
	4.04
	3.35
	9.59

	Clopper Field
	1.74
	2.26
	1.90
	2.48
	1.68
	1.42
	2.89

	Fire Station
	4.94
	1.85
	1.85
	3.53
	7.14
	6.15
	13.66

	Leo Alvey
	1.88
	1.49
	1.64
	1.82
	---
	---
	---

	Police Station
	2.49
	2.52
	2.24
	2.15
	3.25
	3.23
	5.77



[bookmark: _Hlk8141219]Table S5. Alphasense OPC-N2 Interquartile Range PM2.5 Concentrations for Selected Time Periods (raw, uncorrected values).
	PM2.5 Concentrations (µg/m3) – Interquartile Range

	
Site Name
	Full Study Period
	Spring
	Summer

	
	
	Month
	Week
	Day
	Month
	Week
	Day

	
	Oct. 24, 2017 – Oct. 31, 2018
	April 2018
	April 1-7, 2018
	April 20, 2018
	August 2018
	August 5-11, 2018
	August 26, 2018

	American Legion
	4.62
	4.34
	5.89
	4.00
	3.69
	2.43
	3.29

	Bill Clem
	3.08
	1.78
	---
	2.62
	4.71
	2.93
	4.44

	Clopper Field
	2.33
	2.24
	2.99
	4.07
	1.67
	1.36
	1.25

	Fire Station
	3.17
	3.77
	4.56
	4.89
	4.62
	3.41
	5.52

	Leo Alvey
	2.46
	1.95
	0.11
	1.62
	---
	---
	---

	Police Station
	3.15
	2.28
	2.21
	2.83
	3.24
	2.36
	2.61


[bookmark: _Hlk8141232]


Table S6. BCIR Mean Concentration Data for Selected Time Periods.
	BCIR Concentrations (µg/m3) – Mean Values

	
Site Name
	Full Study Period
	Spring
	Summer

	
	
	Month
	Week
	Day
	Month
	Week
	Day

	
	Oct. 24, 2017 – Oct. 31, 2018
	May 2018
	May 5-11, 2018
	May 10, 2018
	August 2018
	August 5-11, 2018
	August 26, 2018

	American Legion
	0.76
	0.30
	0.36
	0.35
	1.06
	1.13
	1.00

	Bill Clem
	0.52
	0.63
	0.67
	0.93
	0.37
	0.68
	0.15

	Clopper Field
	0.51
	0.24
	0.25
	0.37
	0.61
	0.74
	0.58

	Fire Station
	0.64
	0.59
	0.63
	1.10
	0.71
	0.89
	0.75

	Leo Alvey
	0.37
	0.43
	0.46
	0.57
	---
	---
	---

	Police Station
	0.61
	0.55
	0.68
	1.02
	0.61
	0.74
	0.44



[bookmark: _Hlk8141243]Table S7. BCIR Median Concentrations for Selected Time Periods. 
	BCIR Concentrations (µg/m3) – Median Values

	
Site Name
	Full Study Period
	Spring
	Summer

	
	
	Month
	Week
	Day
	Month
	Week
	Day

	
	Oct. 24, 2017 – Oct. 31, 2018
	May 2018
	May 5-11, 2018
	May 10, 2018
	August 2018
	August 5-11, 2018
	August 26, 2018

	American Legion
	0.49
	0.21
	0.24
	0.26
	0.83
	0.85
	0.85

	Bill Clem
	0.35
	0.45
	0.46
	0.56
	0.25
	0.14
	0.14

	Clopper Field
	0.37
	0.18
	0.17
	0.30
	0.49
	0.57
	0.57

	Fire Station
	0.47
	0.42
	0.43
	0.74
	0.56
	0.75
	0.75

	Leo Alvey
	0.28
	0.35
	0.40
	0.48
	---
	---
	---

	Police Station
	0.40
	0.39
	0.43
	0.56
	0.44
	0.44
	0.44



[bookmark: _Hlk8141291]Table S8. BCIR Interquartile Range Concentrations for Selected Time Periods. 
	BCIR Concentrations (µg/m3) – Interquartile Range

	
Site Name
	Full Study Period
	Spring
	Summer

	
	
	Month
	Week
	Day
	Month
	Week
	Day

	
	Oct. 24, 2017 – Oct. 31, 2018
	May 2018
	May 5-11, 2018
	May 10, 2018
	August 2018
	August 5-11, 2018
	August 26, 2018

	American Legion
	0.75
	0.27
	0.34
	0.35
	0.88
	1.11
	0.43

	Bill Clem
	0.40
	0.43
	0.48
	1.03
	0.30
	0.54
	0.13

	Clopper Field
	0.46
	0.25
	0.29
	0.46
	0.49
	0.60
	0.14

	Fire Station
	0.53
	0.44
	0.43
	1.46
	0.56
	0.81
	0.21

	Leo Alvey
	0.31
	0.28
	0.31
	0.29
	---
	---
	---

	Police Station
	0.54
	0.37
	0.43
	1.47
	0.49
	1.04
	0.13



[bookmark: _Hlk8141732]
Spatial Distribution of P-POD PM2.5 Concentrations

[bookmark: _Hlk8135340][bookmark: _Hlk8135480]The pollution rose shown in Figure S7 indicates PM2.5 concentrations from multiple emission sources in the study area. For example, the American Legion site indicates the greatest frequency of high PM2.5 concentrations occur when winds are from the northeast. The Bill Clem site is a community park surrounded by a residential neighborhood and light industrial manufacturing facilities. The Bill Clem site is approximately 70 m south of a 4-lane arterial highway (i.e., Kansas Avenue). The greatest frequency of high PM2.5 concentrations occur when winds are from the southwest or from the northwest to northeast sectors. The Clopper field site was located on a soccer field, south of the BNSF railyard (approx. 45 m), and within a residential area. The greatest frequency of high PM2.5 concentrations occurred when winds were from the north to southeast sectors with lower PM2.5 concentrations from the remaining wind sectors. The Fire Station is located approximately 210 m south of the BNSF railyard and is surrounded by a residential neighborhood. The P-POD for this site was located on the Fire Station roof. The greatest frequency of high PM2.5 concentrations occurred when winds were from the northwest to southwest sectors. The Leo Alvey site is a community park surrounded by a residential community and the P-POD was located approximately 760 m west of the BNSF railyard. The Leo Alvey site had consistently lower PM2.5 concentrations over the life of the study suggesting that the Leo Alvey site could be considered a background site. The Police Station is approximately 50 m south of the BNSF railyard and situated in a residential neighborhood. As shown by the pollution rose in Figure S7, multiple pollution sources such as freeways, industrial sources and the railyard may be influencing concentrations observed at the Police Station site when winds are from the northwest to northeast sectors and west to southeast sectors. These pollution roses imply that sites in the study area were impacted by multiple PM2.5 sources distributed throughout the region indicating the complexity of the study area, motivating a further analysis of the data using additional source apportionment techniques.
[image: ]
[bookmark: _Hlk8141308]Figure S7. Pollution rose for all sites: Frequency of PM2.5 concentrations by wind direction (hourly averages).  
[bookmark: _Hlk8141752]
Spatial Distribution of P-POD BCIR Concentrations

[bookmark: _Hlk3478451][bookmark: _Hlk8135606]The pollution rose shown in Figure S8 indicates BCIR concentrations from multiple emission sources in the study area. The American Legion site indicates the greatest frequency of high BCIR concentrations occurred when winds were from the northeast. The greatest frequency of high BCIR concentrations observed at the Bill Clem site occurred when winds were from the northwest to northeast sectors and from the southwest sector. Clopper Field, as shown in Figure S8, indicates high BCIR concentrations are observed when winds are from the north to southeast sectors. The Fire Station pollution rose (Figure S8) shows the greatest frequency of BCIR concentrations occurred when winds were from the west to southwest sectors. However, there are periods when winds are from the north and show high BCIR concentrations. The Leo Alvey BCIR concentrations were highest when winds were form the north to northeast sectors. The Police Station’s BCIR concentrations were highest when winds were from the southwest to southeast sectors. However, BCIR concentrations can be observed when winds are from the northeast sector. These pollution roses imply that sites in the study area were impacted by multiple BC emission sources distributed throughout the region, warranting further data analysis using regression modeling, nonparametric trajectory modeling, or other source apportionment techniques.
[bookmark: _GoBack][image: ]
[bookmark: _Hlk8141324]Figure S8. Pollution rose for all sites: Frequency of BCIR concentrations by wind direction (hourly averages).
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