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Appendix A: Sampling Instrumentation and QA/QC Protocol

The near-roadway stationary site collected continuous outdoor measurements for a large number
of pollutants and meteorological variables, including BC, CO, Os, NOy, and direct NO.. Direct NO,
is a measurement approach (cavity attenuated phase shift technique) that measures NO- directly, not
as the difference between NOx and NO. An aerosol chemical speciation monitor also ran
continuously, measuring both particle mass loading and some aerosol components. A meteorological
station continuously collected wind speed and wind direction, temperature and relative humidity
(RH), and precipitation. Additionally, quartz and Teflon filters collected PM: s in 48-hour increments
(Monday—Wednesday and Wednesday—Friday) for EC and OC. EC and OC were measured using a
Lab OC-EC Aerosol Analyzer from Sunset Laboratory using the IMPROVE protocol. PM.s mass
and BC concentration were found using gravimetric and reflectance techniques. The filters were used
to measure ROS using a fast DTT assay.

The near dorm and far dorm sites sampled continuously for CO, NOy, particle count, BC, and
PM2s mass concentration using an optical particle counter. The continuous samplers alternated
sampling indoor and outdoor air using a 15-minute timer and three-way valves. Filter-based
measurements on quartz and Teflon were also collected. The RFT site in the Ford Environmental
Science and Technology building served as a long-term continuous monitoring site, continuously
monitoring NOy, CO, Os, PM2s, BC, and PM_ s particle mass using a TEOM, and meteorological
parameters. Quartz and Teflon filters collected PMz s in 48-hour increments, similar to the other
sites. In addition, we used observations from the JST SEARCH monitor (Edgerton et al. 2005;
Hansen et al. 2006) and the recently installed near-road monitor, also located on the GIT campus.

Further, we followed 54 college students living in the dormitories during the sampling period for
personal exposure monitor sampling and biomonitoring, which included saliva and blood sampling.
The personal monitor sampling included continuous PM2s and 48-hour integrated NO;
measurements as well as GPS tracking to determine exposure and behavioral differences between the
participants living in the two dorms.

Table A.1 summarizes the completeness of data for the continuous instrumentation and
integrated measurements at each sampling location and for the personal monitoring.
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Table A.1. Instrumentation Used at Each Sampling Site and Completeness of Each Data Parameter

Distance
Sampling Direct Particle  Filter for PM2s Weather
from BC co NO-NO2-NOx ACSM
Site NO: Count EC/OC/DTT Mass Data
Highway
RDS 0.1 km X/0 X X X X X - (o] (o] X
79%/78% 76% 93% 100% 99% 73% 78% 61%
RFT 0.5 km X/O X X - - - - [6) X/O X
90%/67% 70% 89% 69% 79%/67% 99%
NDO 0.2 km X/0 X X (o] - - X (o] (o]
34%/94% 77% 82% 96% 35% 94% 94%
FDO 1.2 km X/0 X X (o] - - X (o] (o]
34%/100% 66% 65% 98% 21% 94% 100%
EPD 0.05 km X X X - X
39% 98% 97% 98%
JST 2.3 km X X X - X - - - - X
100% 92% 92% 98% 96%
Personal - (o] - - (o] - - - - X/0
86% 66% 79%/86%

ACSM = aerosol chemical speciation monitor; X = continuous, completeness based on ratio of hours with
valid data and total hours from Sept. 8 to Jan. 5 (n = 2880 hours); O = integrated 48-hour, completeness based
on ratio of 48-hr periods with valid data and target number of 48-hr periods from Sept. 8 to Jan. 5 (n = 26
periods); -- = parameter not measured.

The QA-QC protocol addressed corrections and calibrations adopted to address temporal
misalignment, data exclusion, and other instrument-specific data processing considerations. The
protocol included using data quality parameters for each pollutant, where available. All instruments
used to measure continuous pollutant concentrations were refurbished and calibrated before field
sampling. Instrument collocations were conducted for continuous NO2/NOy, CO, and integrated
PM2s mass and reflectance over a multi-day period, both before and after field sampling to assess
method precision and potential instrument offset. In addition, redundant instrumentation was
deployed to provide an additional means of assessing data quality when possible.

NOy (Continuous) Protocol

Data files were regularly downloaded and concatenated into as few Microsoft Excel sheets as
possible. The first step was to verify the time alignment between instruments by adjusting values to
Eastern Standard Time as necessary and correcting for temporal misalignment or temporal drift
among the instruments. In addition, the 15-minute value used to alternate between indoor and
outdoor sampling drifted by about 10-15 seconds per day. By observing a single hour for each day
of the study, the moment the valve switched could be precisely identified. This observed daily
valve
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switch time was applied to the other times throughout the day that the valve switched. By calculating
a new valve switch time, the data could then be divided into standard 15-minute periods in order to
divide the data between indoor and outdoor data. The second step was to apply the NO calibration
curves that were generated at several points throughout the study period to capture any measurement
drift that occurred in the instrument using a time-weighted average method. The third step was to
reduce the data frequency from less than a minute to hourly, daily, and total averages. The quarterly
average was also reported for the sites that were sampling indoor and outdoor concentrations. The
fourth step was to adjust the data based on the collocation data that was collected before and after the
study in order to determine the offset correction that was necessary for the instruments to be directly
compared.

In order to correct the NO (i.e., the difference between the NO and NOy direct measurements),
the above steps were also followed, including the use of the NO calibration curve. After the sampling
period concluded, the instruments were collocated with the direct NO, measurement instrument for
further correction. The NOy concentration reported was calculated based on the sum of the corrected
NO and NO; concentrations.

Direct NO; (Continuous) Protocol

Data files were opened in Microsoft Excel so that the daily baseline calibration period could be
removed. The daily calibration was necessary to quantify any drift that occurred in the instrument
and took about 5 minutes a day. The measurement data were then calibrated using a time-weighted
adjustment between each baseline reading. The data frequency was then reduced to 15-minute,
hourly, and daily averages.

CO (Continuous) Protocol

Along with the voltage data that were later converted to concentration data, a separate file was
generated to designate when the instrument was measuring ambient air or zero air. Both files were
opened as CSV files and then imported into R version 3.0.1 so that the difference between the zero
air measurement and the ambient air measurement could be calculated for an accurate reading of the
CO concentration. Because the CO instruments were on the same valve as the NO instruments, a
similar method was used to adjust the time alignment of the instruments and account for the drift in
the valve first. The second step was to calculate the difference between the voltage data. The data
switched between sample and zero air every 7.5 minutes, but there was a varying period of time
needed for the voltage to transition and stabilize depending on the concentration. Different time
lengths were assessed to determine which successfully avoided issues with overlap between sample
and blank measurements while providing stable estimates of the sample and blank voltage readings.
The final 4 minutes of each 7.5-minute measurement were used in the difference calculation.
Because the calibration curves converting from voltage to concentration were linear, the difference
could be calculated first; then the calibration could be applied using a time-weighted average
method. The third step was to reduce the data frequency from less than a minute to hourly, daily, and
total averages.

Condensation Particle Counter (Continuous) Protocol

The condensation particle counter (CPC) instruments collected 1-minute data alternating
between indoor and outdoor sampling, so the time alignment and valve drift adjustments used for the
NOy instruments were also necessary for the two CPC instruments before the data were averaged.
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Optical Particle Counter (Continuous) Protocol

Although the optical particle counter (OPC) was on the 15-minute valve with the NOx and CO
instruments, because the clock was reset every 48 hours to standard time, no time alignment
adjustments were necessary. Further, only the middle 10 minutes of the 15-minute data period were
used, to eliminate the valve drift issue. The size-resolved number concentration was converted to a
nominal PM2s volume concentration by assuming that all particles recorded in each OPC channel
were spheres with a diameter equal to the log-average midpoint of the corresponding channel so that
a total particle volume was calculated for each channel. The PM2s volume was calculated by
summing across the 15 channels with an optical diameter less than 2.5 pum. Finally, an average
indoor and outdoor volume concentration was calculated for each 48-hour session. The 48-hour
sampling periods for the OPC instruments were aligned with filter sample collection. During each
48-hour sampling period, the indoor and outdoor PM»5 mass concentrations were independently
measured using collocated filter samples. These measurements were used to calculate a “synthetic
density” in units of g-cm™ by dividing the gravimetric mass concentration by calculated volume
concentration. This was repeated both indoors and outdoors at each location for each 48-hour sample
period. The synthetic density was then applied to each of the corresponding 15-minute indoor or
outdoor samples to calculate the PM2s mass concentration with 15-minute time resolution.

PM_s Mass (Continuous) and PM2s BC Protocols

The ambient 5-minute data were corrected with the average of the blank measurements collected
when a HEPA filter was placed on the instrument inlet. Only the BC data measured from the
Aethalometer were corrected according to the procedure described in “A Simple Procedure for
Correcting Loading Effects of Aethalometer Data” (Virkkula et al. 2007).

References for Appendix A

Edgerton ES, Hartsell BE, Saylor RD, Jansen JJ, Hansen DA, Hidy GM. 2005. The Southeastern
Aerosol Research and Characterization Study: Part 1. Filter-based measurements of fine and coarse
particulate matter mass and composition. J Air Waste Manage Assoc 55:1527-1542.

Hansen DA, Edgerton E, Hartsell B, Jansen J, Burge H, Koutrakis P, et al. 2006. Air quality
measurements for the aerosol research and inhalation epidemiology study. J Air Waste Manage
Assoc 56:1445-1458.

Virkkula A, Mékel& T, Hillamo R, Yli-Tuomi T, Hirsikko A, Hameri K, Koponen IK. 2007. A
simple procedure for correcting loading effects of aethalometer data. J Air Waste Manage Assoc
57(10):1214-1222.
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Appendix B: Measurement Details

Table B.1 contains detailed data on the observations and modeled pollutant-related quantities
made as part of the DRIVE study, excluding the results from the multisensory units, which were run
for shorter periods. Not all pollutants were measured at all the sites (see Table 1 of main report).
Figure B.1 provides graphical depictions of the observations, including all outliers that were
removed from Figure 3 in the main report. Including the outliers in Figure B.1 and showing the time
series in Figure B.2 highlights the extreme hourly and daily concentrations, respectively, that were
measured during the study. Table B.2 shows the results of the regression analysis between the single
pollutant measurements and the IMSI at each sampling location. For comparison, Figure B.3 shows
the normalized diurnal variations of the RDS observations of BC, CO, NOy, NOZ’ IMSI, 03, and on-

road traffic count. Figure B.4 is the wind rose for the RDS meteorology monitor and Figure B.5
shows the rate of emissions based on vehicle speed.

Table B.1. Summary of Observational and Modeled Data from September 8, 2014, to January 5, 2015
(RDS-CAPS [cavity attentuated phase shift] = RDS CAPS direct NO).

EPD RDS NDO NDI RFT FDO FDI 3T | RDS-CAPS

N 1113 2280 978 978 2592 925 1061 2875 -
Mean 1.6 1.60 0.94 0.77 0.90 0.80 0.61 0.82 ;
Be sD 1.25 1.33 1.59 1.42 0.79 1.67 1.20 0.85 -
(Mg’ | o 0.86 0.71 0.40 0.33 0.41 0.27 0.20 0.33 ;
Median | 1.39 1.19 0.84 0.63 0.67 0.61 0.48 051 ;
Q3 2.17 2.16 1.47 1.0 1.10 1.26 1.01 0.95 -
N 2798 2666 2357 2356 2564 1883 1883 2655 ;
Mean 3795 | 2093 15.95 7.35 415 11.78 3.86 13.16 -
o sD 2011 | 2347 | 2601 | 1495 | 1123 | 2835 | 1872 | 3008 -
(ppb) o1 16.60 5.64 4.54 3.20 -0.55 0.37 -2.86 0.65 ;
Median | 3130 | 1276 8.52 485 0.78 4.04 1.47 2.03 -
Q3 5090 | 2858 15.85 7.25 3.68 11.08 3.70 8.18 ;

NO, N 2798 2666 2357 2356 2564 1883 1883 2654 2878
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(ppb) Mean 19.46 29.09 23.29 26.86 20.78 21.25 25.77 13.01 21.95
SD 8.57 15.55 13.01 20.63 10.38 6.93 12.18 9.82 11.70
Q1 12.90 16.96 13.09 13.91 12.60 15.59 16.95 5.32 13.33
Median 18.90 26.63 20.48 19.86 17.37 19.15 21.16 9.97 20.42
Q3 24.60 37.93 30.98 31.67 27.35 25.75 3111 18.75 28.53
N 2798 2666 2357 2356 2564 1883 1883 2627 -
Mean 57.32 50.03 39.24 34.21 24.94 33.03 29.64 27.65 -
NO, SD 34.35 34.45 35.00 32.26 18.31 32.37 27.63 37.06 -
(pPb) Q1 32.10 24.82 18.98 18.12 12.58 16.24 15.89 7.81 -
Median 51.10 41.81 29.05 24.58 18.38 22.51 21.36 13.59 -
Q3 74.30 66.55 46.53 37.43 31.25 36.97 33.87 29.35 -
N 2816 2178 2226 2223 2017 1914 1874 2648 -
Mean 623.97 424.90 343.77 321.12 275.22 204.36 201.82 268.33 -
co SD 337.72 209.78 169.68 179.52 151.23 191.22 183.58 197.41 -
(ppb) Q1 400.00 277.54 231.70 204.11 191.04 90.91 93.26 157.26 -
Median 600.00 372.29 297.82 265.42 232.25 155.84 156.80 205.69 -
Q3 800.00 515.28 413.31 388.20 301.70 238.40 236.73 282.29 -
N 2448 - - - - - - 2531 -
Mean 10.44 - - - - - - 9.02 -
PMzs
Mass SD 5.24 - - - - - - 5.27 -
TEOM 01 6.70 . . ; ; . . 5.29 ;
(ng/im®)
Median 9.72 - - - - - - 7.77 -
Q3 13.40 - - - - - - 11.64 -
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N 2820 2850 ; . . ; ; 2833
Mean 14.73 18.15 ; . . ; ; 19.50
sD 12.99 11.70 - - - - - 13.83
O3
(Ppb) o1 2.00 8.51 ; . . ; ; 7.26
Median | 12.00 16.91 - - - - - 18.77
Q3 23.00 25.47 - - - - - 28.89
N . ; 1019 1021 . 610 612 .
Mean - - 10.91 8.92 - 10.70 9.74 -
sD - - 6.02 568 - 6.71 6.00 -
oprC
-1 -3
(11000° M) f 5 . ; 6.25 5.01 . 5.64 5.49 .
Median - - 9.90 753 - 9.20 9.09 -
03 . ; 14.61 11.48 . 14.36 13.20 .
N 890 1583 856 852 1890 708 712 2441
Mean 1.82 1.64 141 127 1.46 1.00 1.07 1.09
sD 1.03 0.87 0.98 0.98 0.97 0.93 0.98 1.00
IMSI
o1 1.04 1.00 0.81 0.71 0.86 0.50 0.24 0.53
Median 1.67 1.43 1.16 0.99 113 0.75 0.81 0.72
03 235 2.07 172 0.48 171 117 1.23 1.18
N 2906 2906 2906 - 2906 2906 ] 2906
Mean 1.09 1.25 0.90 ; 0.53 0.52 ] 038
RLINE
sD 2.81 291 238 ; 1.64 1.47 ; 1.26
PMas
o1 0.10 0.16 0.08 ; 0.03 0.07 } 0.04
(ng/im®)
Median 0.27 0.39 0.22 ; 0.09 0.13 ; 0.08
03 0.87 1.05 0.60 ; 030 0.33 ] 0.22
RLINE N 2906 2906 2906 ] 2906 2906 - 2906
co Mean 45.16 51.53 37.09 ; 22.90 2235 } 16.90
(ppb) sD 112.47 | 116.06 95.40 - 67.80 61.50 . 53.05
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Q1 4.59 6.68 3.71 1.55 3.05 1.79
Median 11.82 16.89 9.23 4.05 5.65 3.44
Q3 36.00 44.14 25.22 12.68 14.08 9.53
N 2906 2906 2906 2906 2906 2906
Mean 752 8.58 6.13 375 3.67 2.78

RLINE
sD 18.82 19.43 15.85 11.20 10.16 8.81

NOx
Q1 0.76 111 0.61 0.25 0.50 0.29

(ppb)
Median 1.94 2.80 151 0.66 0.91 0.56
Q3 6.02 7.33 414 2.08 2.32 1.59
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Figure B.1. Hourly mean concentration data including all outliers outside the interquartile range for BC, CO, CPC, NO, NO, NOy,
O3, and PM, s from September 8, 2014, to January 5, 2015, at the sampling sites ordered by increasing distance from the highway
source: (EPD) Georgia Department of Natural Resources Near-road Network Monitor [5 m], (RDS) Near-roadway stationary site [10 m],
(NDO) Near Dorm outside [20 m], (NDI) Near Dorm inside [20 m], (RFT) Rooftop lab [500 m], (FDO) Far Dorm outside [1.4 km], (FDI)
Far Dorm inside [1.4 km], (JST) Urban background [2 km].
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Figure B.2. Time series plots for daily BC, CO, CPC, NO, NOz NOx, Os, PMzs, IMSI, RH, wind speed,
temperature, and total traffic counts from September 8, 2014, to January 5, 2015.
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Table B.2. Regression Analysis (R?) Between IMSI and Measurements
EPD RSD NDO NDI RFT FDO FDI IST
(N=890) | (N=1583) | (N=856) | (N=852) | (N=1890) | (N=708) | (N=712) | (N=2443)
co 0.90 0.68 0.83 0.83 0.89 0.81 0.850 0.93
NOx 0.96 0.84 0.78 0.80 0.90 0.78 0.81 0.93
BC 0.89 0.77 0.43 0.39 0.92 0.44 0.52 0.91
PMas - - - - 0.44 - - 0.59
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Figure B.3. Scatterplots showing correlations between hourly RDS pollutant measurements and
pollutant indicators from September 1, 2014, to December 31, 2014, at (A) all hours and (B) only the
hours when wind direction was from the east.
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Figure B.4. Wind rose for RDS meteorology station for September 8, 2014, to January 5, 2015.
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Figure B.5. Emissions factors by speed for light-duty vehicles and trucks (U.S. DOT).
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Table B.3 shows the effects of distance from each monitoring site to the roadside, modified by
several factors, including temporal, meteorological, and traffic count factors (same as in Table 2).
The results and interpretations for time of day analyses are supported by results from other factors,
particularly those for wind speed and traffic counts. These factors were modeled as continuous
modifiers. The table shows the magnitude and significance of just the interaction term for these
modifiers; the values show how the spatial decay was “enhanced” or “attenuated” by the factor. For
example, interaction terms for wind speed were consistently less than 1 for all pollutants, indicating
that hours with higher wind speed had a larger negative distance effect and thus a stronger spatial
decay gradient. For traffic counts, interaction terms with “distance” were less than 1 for CO and
IMSI, indicating that during hours with higher traffic counts, the spatial gradient was more apparent.
In this analysis of modeling ratios, it was also of interest to compare across pollutants. For example,
“distance” effects were generally smallest for NO compared with other pollutants. These results
suggest that NO concentrations experience a stronger spatial gradient compared with those of other
pollutants and are consistent with atmospheric chemistry resulting in the rapid oxidation of NO to
other NOy species (e.g., NO,).

Table B.3. Associations Between Distance from the RDS Site (per 50 m) and Outdoor Pollutant

Concentrations: Effect Modification by Various Factors™

BC CoO NO NO: IMSI

Categorical Factors®

Time Period of the Day

Evening Rush Hour (4pm-
0.991 &>~ 0.980%** 0.954&** 0.988%** 0.992&**

7pm)
Late Evening (8pm-11pm)  0.992 0.983* 0.967** 0.991** 0.993
Midday (10am-3pm) 0.987** 0.975** 0.960* 0.977** 0.985**
Midnight & Early Morning
0.993* 0.986** 0.971** 0.991** 0.994
(12am-5am)
Morning Rush Hour (6am-
0.991 0.984* 0.976** 0.988 0.990
9am)
Wind Direction (relative to RDS
site)
Westerly 0.990&** 0.980&** 0.956&** 0.977&** 0.987&x*
Northerly 0.998* 0.989** 0.990** 0.994** 0.996**
Easterly (toward GIT
0.992 0.984* 0.971** 0.990** 0.992**
campus)
Southerly 0.987 0.979 0.958 0.983** 0.988
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Date of Week

Weekday 0.992&** 0.982&** 0.967&** 0.988%** 0.992&**
Weekend 0.989* 0.982 0.960** 0.986** 0.989**
Continuous Factors*
Temperature (F) 1.000 1.000** 1.000** 1.000** 1.000**
Relative Humidity (%) 1.000%* 1.000% 1.000%* 1.000%* 1.000%
Wind Speed (mph) 0.999** 0.996** 0.993** 0.998** 0.997**
Traffic Counts (per 1,000) 1.000** 0.999** 1.000 1.000** 0.995**

~ Modification assessed using distance*factor product terms, with each factor tested in different models; #

Categorical factor results show the effects of distance (per 50 m from roadway) on pollutant concentrations

for each level of the factor; # Continuous factor results show the interaction term parameter estimate; &
Reference category showing magnitude and significance of “distance” main effect (note: results for other
levels of each category show the magnitude of the “distance” effect and whether the effect is significantly

different from the reference category); ** P value < 0.001; * P value < 0.05.

Fine Particulate Matter Oxidative Potential

The second part of Appendix B provides additional details about the FPMOP indicator. Table B.3
shows the association between the RDS site and the other outdoor sites. Table B.4 and Table B.5
show details of the regression analysis using Pearson’s r between OPWSPTT yolume and mass

normalized, respectively, at various sites and the pollutant measurements. Details about the metals

analysis are also included in this appendix. Table B.6 provides the mean ratios of simultaneous
measurements from the EPD site and the RDS site. Table B.7 shows the correlations using Pearson’s
r between FPMOPPTT and PM s species components at the EPD and RFT sites.
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Table B.4. Regression Analysis (Pearson’s r) Between FPMOPWSPTT/m3 and PM Mass, OC, EC, CO,

NOx, BC, and IMSI at Various Sampling Sites'

RDS NDO NDI RFT FDO FDI
(N = 18) (N = 20) (N =21) (N = 16) (N=17) (N=17)

PM 5 mass 0.87 0.58 0.81 0.67** 0.77 0.68
oc 0.88 0.91 0.86 0.91 0.90 0.80

EC 0.77 0.69 0.85 0.85 0.91 0.91
co 0.56* 0.71 0.60 0.76 0.75 0.59
NOx 0.46* 0.79 0.76 0.82 0.76 0.76
BC 0.60 0.56 0.75 0.74 0.83 0.77
IMSI 0.41%* 0.70 0.65 0.78 0.72 0.60%

Note: r > 0.70 are boldface.

'Online measurements were averaged to the filter sampling times. All data are based on filter analysis, with the
exception of CO, NOy, BC, and IMSI. Correlations significant at the 0.01 level (P < 0.01) are without
superscript; * = P < 0.05; ** = correlation is not significant.

Table B.5. Regression Analysis (Pearson’s r) Between FPMOPWSDPTT/ g at Various Sites and OC or EC
Content in Unit PM Mass'

RDS (N=15) | NDO (N=22) | NDI(N=21) | RFT (N=8) | FDO (N=22) | FDI (N = 24)
oc 0.39%* 0.88 0.58 0.82* 0.86 0.90
EC 0.32%* 0.59 0.43* 0.84 0.75 0.87

Note: r > 0.70 are bold.

TAll data are based on filter analysis. Correlations significant at the 0.01 level (P < 0.01) are without
superscript; * = P < 0.05; ** = correlation is not significant.

Metals Analysis Method

For determining total metals, samples were digested in 1:3 HNO3:HCI solution, diluted in
deionized water, then filtered with 0.45-um syringe filters. For measuring water-soluble metals,
filters were sonicated in deionized water for 0.5 hr with an ultrasonic cleanser (VWR International
LLC, West Chester, PA, USA). After sonication, the extracts were filtered using 0.45-um syringe
filters; then HNO; was added to produce a final concentration of 2%. A set of metal standards were
treated with the same procedures as the samples to establish filter mass concentrations from the
inductively coupled mass spectrometry responses. The R? of the standard calibration curves ranged
from 0.943 to 0.999 (N = 8) for various metals. A 25-ppb internal standard of scandium was added to
all samples and standards to monitor analytical drift.
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Table B.6. Mean Ratios of Simultaneously Measured Metals and FPMOP between RFT and EPD sites

for Water-Soluble and Total Components

K Mn Fe Cu Zn FPMOPPTT
N 29 29 29 29 29 31
WS conc.ppr
_— Mean 0.80 0.42 0.43 0.90 0.49 0.98
WS conc.gpp
STD 0.25 0.14 0.10 0.45 0.22 0.12
N 29 29 29 29 - 32
Total conc.gpr
_— Mean 0.90 0.37 0.33 1.04 - 0.94
Total conc.gpp
STD 0.40 0.16 0.14 0.59 - 0.14
N 29 29 29 29 - 31
WS/Total
WS/Total)ger Mean 0.96 1.25 1.50 0.94 - 1.05
(WS/TOtal)EPD
STD 0.40 0.66 0.65 0.21 - 0.18
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Historical Data

The final section of Appendix B includes local historical measurement data to compare to the
concentration measurements collected during the study. Figure B.6 and B.7 shows the concentration
data from the Georgia state run South Dekalb site for CO and NO; respectively. Figure B.8 and B.9
shows the concentration data from the SEARCH JST site for CO and NO; respectively. Figure B.10
shows the annual average concentrations for CO and NO- at the JST and EPD South Dekalb sites.
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Figure B.6. Time series of hourly CO concentrations from the EPD South Dekalb (SDK) site from 2003
to 2015.
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Figure B.7. Time series of hourly NO2 concentrations from the EPD South Dekalb (SDK) site from 1999
to 2015.
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Figure B.8. Time series of hourly CO concentrations from the JST site from 1998 to 2014.
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Figure B.9. Time series of hourly NO2 concentrations from the JST site from 1998 to 2014.
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Figure B.10. Annual average concentrations for CO and NO: at the JST and EPD SDK sites.

Reference for Appendix B: U.S. DOT, U.S. Department of Transportation, https://www.transportation.gov/.
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Appendix C: Low-Cost Sensors

The particulate matter sensors we used were from Shinyei Technology (Kobe, Japan); the three
models used were PPD42NS (LOD: 1 um), PPD20V (LOD: 1 um), and PPD60PV (LOD: 0.5 um).
The sensors measure particle concentration by light scattering using an infrared LED light source
and a photodiode array with lens to measure the scattered light at around 45 degrees. Although a
limit of detection (LOD) was specified for each sensor, the manufacturer did not provide an equation
to convert recorded electrical signals to particle concentrations, and little information was provided
on how these LODs were developed (Shinyei Kaisha 2002; Shinyei Technology Co. 2010; Shinyei
Technology Co. 2013). Therefore, a calibration needed to be developed before the sensors could be
deployed based on the concentrations recorded by a reference instrument. The sensors were all
calibrated to a TEOM (Thermo Scientific, USA) to convert the electrical signals into PM
concentrations. The TEOM was operated with PM. s inlet cyclones. The sensors are not size
selective; however, they are compared with a PM; s reference instrument in order to assess their
performance as a surrogate measurement for PM_ s for future use.

The gas sensors are electrochemical cells that generate a current that is supposed to be linearly
proportional to the concentration of the pollutant. In order to determine the change in current over
time, the currents of two electrodes are recorded and used in the manufacturer-provided calibration
curve specific to each individual sensor. When the electrodes are exposed to air, they undergo a
specific redox reaction to generate a voltage. A third electrode is enclosed in the sensor to provide a
reference for the current without exposure to air.

The format of the calibration curves for CO, NO, and NO- supplied by the manufacturer are
shown by Equation C.1, and the values for each gas are shown in Table C.1. The calibration of O
depends on the concentration of NO, and therefore the curve (Equation C.2) for O3 includes an
additional term.

Thus, for CO, NO, or NO»:
[Concentration of CO, NO, or NO;] (ppb) = ((work — a) — (aux — b))/d (Eqg. C.1)
work: Voltage generated by the gas electrode (mV)
aux: Voltage generated by the reference electrode (not exposed to air) (mV)
a: Baseline reading from gas electrode (mV)
b: Baseline reading from the reference electrode (mV)

d: Sensor’s sensitivity to the gas being measured (mV/ppb)
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Table C.1. Calibration Values for Gas-Pollutant (CO, NO, NO2) Sensors Used

a b d
co 280 279 0.243
NO 271 270 0.352
NO2 298 294 0.456

Similarly, for Os:

O3 = ((work — a) — (aux — b) — [NO2]*c)/d

Table C.2. Calibration Values for the Oz Pollutant Sensor Used

work: Voltage generated by the O3 electrode (mV)

(Eg. C.2)

aux: Voltage generated by the reference electrode (not exposed to ozone) (mV)

[NO:]: The concentration of NO2 (ppb)

a: Baseline reading from Os electrode (mV)

b: Baseline reading from the reference electrode (mV)

c: Sensor’s sensitivity to NO2 (mV/ppb)

d: Sensor’s sensitivity to Oz (mV/ppb)

412

407

0.333

0.222

In addition to the pollution sensors, Sensirion AG temperature and SHT15 RH sensors (Staefa,
Zurich, Switzerland) were used to measure the conditions in each sampling box. The temperature
was measured by band-gap displacement, and RH was measured using a capacitive sensor (Sensiron

2010).
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Rotation Schedule

Table C.3 shows the rotation schedule for the four boxes along with the number of observations
collected during each rotation. This allowed the sensors to be assessed at various distances away
from the highway source.

Table C.3. Multisensory Units Rotation Schedule

Box Number 1 2 3 4
Sensors PM PPD20V NO PM PPD20V PM PPD20V
NO2 PM PPD42NS
(0] PM PPD60PV
O3
PM PPD20V
NDI Rotation 1 Rotation 2
11/4-11/25 11/25-12/9
NDO Rotation 3 Rotation 1 Rotation 3
12/9-12/17 11/15-11/25 12/9-12/17
FDO Rotation 1 Rotation 3 Rotation 2
11/20-11/25 12/9-12/17 11/25-12/9
RDS Rotation 2 Rotation 3 Rotation 1
11/25-12/9 12/9-12/17 11/20-11/25

CO, NO, and NO; Sensors
Unit 2 contained the gas phase sensors and was rotated to three sites: NDO, RDS, and FDO. The

linear correlation with the reference instrument is included in Table C.4 along with the average

difference between the reference instrument and the sensor, and the 95% confidence interval of the

difference.
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Table C.4. Linear Correlations between Gas Sensors and Reference Instruments

NDO RDS FDO
Species co NO NO2 co NO NO: co NO NO2
Linear Regression Slope (a) 0.76 0.69 2.11 0.75 0.81 3.09 0.62 0.87 3.89
(Sensor (ppb) = Intercept (b)
-62.33 -3.25 -28.91 -37.71 -6.20 -19.09 75.36 -5.55 -55.87
a*Ref(ppb) + b)
R? 0.85 0.86 0.78 0.90 0.92 0.54 0.51 0.79 0.78
N (Hourly Average) 268 272 272 1666 334 334 227 189 189
Average Difference
148.11 6.89 -1.93 160.28 11.13 -33.31 -15.09 7.07 -8.00
[Mean(ref-sensor)]
95% confidence interval of the
difference 17404 | 1234 |4111 29140 | 1964 |107.10 | 86.75 9.90 38.13

[1.96*std dev(ref-sensor)]

Particulate Sensors

Unit 2 contained a single PM sensor at the NDO site, and unit 3 contained the three different

models of the PM sensors used during the study. The linear regressions between the reference

instrument and the sensors helped compare the various models for accuracy (Table C.5).
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Table C.5. Linear Correlations between PM Sensors and Reference Instruments

NDO NDI
Model PPD20V PPD42NS PPD20V PPD60PV
Linear Regression Slope (a) 0.79 0.53 0.91 0.80
(Sensor (ppb) = a*Ref(ppb) + b) Intercept (b) 3.72 2.66 1.16 1.69
R? 0.41 0.60 0.83 0.77
N (Hourly Average) 123 122 122 110
Average Difference
-1.74 0.59 0.55 0.22
[Mean(ref-sensor)]
95% confidence interval of the difference
10.65 3.81 2.49 2.77
[1.96*std dev(ref-sensor)]

O3 Sensor

The O3 sensor was also sent with a manufacture-calibration determined for the specific sensor.
Figure C.1 shows the concentration after applying the calibration. The majority of the concentration
values were negative, and the sensor did not capture the peaks observed by the reference instrument.
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Figure C.1. Time series of Oz sensor and relevant Os reference instrument at the RDS site.
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The O3 calibration curve relies on the NO, concentration (Eq. C.2) from the NO; sensor. Because
the sensor was overestimating the NO. concentration, the Os concentration was calculated again
using the reference analyzer NO; concentration values to show how dependent the O3 concentration
is on the accuracy of the NO sensor or its calibration. Figure C.2 shows that the recorded
concentration does depend on the NO- concentration, and by using a more accurate NO;
concentration, the Oz sensor now shows the peaks seen by the reference instrument. There are,
however, still a significant number of negative values.
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Figure C.2. Time series of Oz sensor concentration using the reference instrument NO2 concentration
and relevant Os reference instrument at the RDS site.

Alternatively, the O3 sensor data was corrected using a multi-variable regression. First the O3
sensor concentration data was calculated using the manufacturer calibration curve and the
NO:; sensor concentration measured. The raw Os concentration data were calibrated using the
exponential function found between the sensor concentration and the reference instrument. The
initial calibration used is in the first row of Table C.6. The correlation improves when the new Os
data set is compared with that of the reference instrument. The second step was to use a multi-
variable calibration found using the new data set, temperature, and RH data. The final correlation is
the linear regression between the Os data corrected with both calibration steps and the reference
instrument.
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Table C.6. Progression of Correlations as O3 Sensor Results are Calibrated

Regression (N = 334) R?
Initial Correlation RawSensor (ppb) = 266.48*In(Ref(ppb)) — 915.01 0.40
Exponential Calibration Step Sensorl (ppb) = EXP((RawSensor + 915.01) / 266.48) --
Correlation after Exponential Calibration | Sensorl (ppb) = 0.93*Ref(ppb) + 4.80 0.43
Sensor2 (ppb) =Sensor (ppb) *0.38 + T *0.16 + RH * -0.24 +
Multi-variable Calibration Step --
21.83
Correlation after Multi-variable
Sensor2 (ppb) = 1*Ref(ppb) 0.68
Calibration
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Figure C.3. Time series of Oz sensor concentration after applying the exponential calibration and
relevant Os reference instrument at the RDS site.
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Figure C.4. Time series of Oz sensor concentration after applying the multi-variable calibration that

used the exponentially calibrated sensor data, temperature, RH, and relevant Os reference instrument at

the RDS site.
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Appendix D: RLINE Calibration

The DRIVE study focused on exposure to primary traffic emissions, and although measurements
were collected in a traffic emissions hotspot, personal exposure monitoring necessarily measured
overall pollutant exposure as opposed to exposure to traffic emissions specifically. In order to
guantify traffic-related exposures, GPS location tracking from the personal monitoring and on-road
dispersion modeling was used. The U.S. EPA—-developed fine-scale dispersion model RLINE
(Research LINE source model [Batterman et al. 2014b; Snyder et al. 2013]) was used to provide the
hourly mobile source impacts on the CO, NOy, and PM; s concentrations across the whole study
domain at a 25-m x 25-m grid resolution. An alternative dispersion model, AERMOD (AMS/EPA
Regulatory Model, [EPA 2004]), was initially considered for use in generating exposure estimates;
however, AERMOD handles line source emissions by characterizing the emissions as being from a
series of rectangles, while RLINE was developed specifically for line sources, such as roadways, and
has been evaluated using data from roadways, so we used RLINE instead. It is important to note that
there are limitations to the use of RLINE and other dispersion models in this or other applications.
The model simulates the concentration fields of primary pollutants as they are affected by on-road
emission. Although RLINE simulates the transport of primary PM2s mobile emissions and the
resulting concentration fields, the lack of chemistry in the model means it does not include secondary
PM: s formation and Oz chemistry. Secondary PM. s formation occurs photochemically as mobile
VOC and NOy emissions react to form lower-vapor-pressure products (Gordon et al. 2013; May et al.
2013a,2013b, 2014; Ranjan et al. 2012; Stelson and Seinfeld 1982; Tkacik et al. 2014; Zhao et al.
2015, 2016), and O3 chemistry affects the concentration of NOy as well as the fraction of NOy that is
converted from NO to NO-. In addition, deposition is not included as a factor that effects
concentration, though over the short time scales involved here, this process is likely of lesser
importance.

The RLINE model domain included on-road mobile source emissions from the entire Atlanta
region, with a fine-resolution 6.5 km by 2.5 km grid centered on the GIT campus. Emissions from
roads outside of the fine grid domain are included in the modeling, though the concentration maps
provided presented in this document focus on the fine grid area. Emission inputs used were the 2010
average link-based, on-road mobile source emissions in the 20-county region surrounding metro
Atlanta developed by the Atlanta Regional Commission (ARC) using its traffic demand and mobile
source emissions modeling (D’Onofrio 2015; Zhai et al. 2016). Figure D.1 shows a map of the
simulated area and the 20-county region. ARC estimated the emissions, in g/m/s, of CO, NO, and
PM2s for 43,712 links based on modeled traffic volume, vehicle speed, and fleet demographics. The
U.S. EPA’s Motor Vehicle Emission Simulator (MOVES) modeling system (Ayala et al. 2012;
Batterman et al. 2014a; U.S. EPA 2014) was then used to estimate annual emissions from each link.

The hourly meteorological input data were developed using AERMET (Cimorelli et al. 2005;
U.S. EPA 2004). The surface meteorological data measurements were from the National Weather
Service at the Hartsfield-Jackson Atlanta International Airport and preprocessed using
AERMINUTE (U.S. EPA 2015). The upper air data measurements were from the Peachtree City
Falcon Field Airport. Because steady-state dispersion models tend to overestimate concentrations
during calm air conditions, the EPA suggests resetting any wind speed less than 1 m/s to 1 m/s (U.S.
EPA 2000). Between September 1, 2014, and December 31, 2014, there were 88 hours with a wind
speed below 1 m/s. The raw RLINE spatial plots are provided when the wind fields were not
adjusted to have all wind velocities above 1 m/s (Figures D.2 —-D.4), and the effects of the wind
speed adjustment are shown (Figures D.5-D.7).

Additional corrections were necessary because the ARC modeling was for 2010. Therefore, the
2010 link emissions were scaled to 2014 using the mobile emissions ratio of 2014 to 2010 from
MOVES 2014 (Table D.1) (U.S. EPA 2014). The average diurnal emissions profile was used to
provide hourly link-based emissions (Figure D.8 and Table D.2). Accounting for the diurnal
variation in emissions is important because in the evening when the boundary layer is low, if the
annual average traffic volume is used, the estimated pollutant concentrations are biased high (Zhai et
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al. 2016). Using the yearly and diurnal adjustments leads to the spatial fields shown in Figures D.9-
D.11.

Previous research has shown that locally elevated simulated concentration levels co-occur with
specific meteorological scenarios (Perry et al. 2005; Venkatram et al. 2004, 2013a, 2013b). In
addition, unrealistically high concentrations were observed on and very near the main highway
emissions source. In order to correct for unreasonably high concentrations in the RLINE output,
ground-level measurements were used to scale the results. This process led to concentration levels
that more accurately represented pollutant concentrations due to the direct impact of traffic emissions
across the study domain. The simulated values were compared with observations to develop linear
calibrations to adjust the RLINE results (Figure D.12, Table D.3). The final fields with the applied
linear regression and removed local background are shown in Figures D.13 and D.14. Table D.4
provides a summary of the correlation between the hourly RLINE results and the observations. The
low correlations are likely driven by the very large diurnal variation simulated by RLINE (Figure
D.15).

Dispersion modeling results from RLINE provided a complete spatial distribution of CO, NOx,
PM_5s, and OPWSPTT for each hour during the period September 1, 2014, to December 31, 2014.
RLINE filled a critical role in providing spatiotemporal fields of how mobile sources affect the
concentrations of these pollutants that are not directly available from the ambient or personal
monitoring conducted as part of DRIVE or from associated monitoring. By matching the GPS
location and time to the RLINE results, the estimated hour-by-hour ambient exposures could be
mapped for each student participant in the study. Further, these data provided an additional approach
to assessing the impact of meteorology and traffic-related factors on air quality in the study domain.
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Figure D.1. PM2s emissions by mobile sources for 20-county area around Atlanta (g/m/s).
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Figure D.4. Uncalibrated NOx RLINE results (ppb).
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In order to avoid unrealistically high concentration estimates at low wind speeds, the U.S. EPA
recommends “that wind speeds less than 1 m/s be reset to 1 m/s for use in steady-state dispersion
models” (U.S. EPA 2000).
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Figure D.7. NOx RLINE with all wind speeds 1 m/s or above (ppb).
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The most recent source emissions file was from 2010 and includes all road emissions in the 20-

county region surrounding the metro Atlanta area. In order to account for reduced emissions since

2010, a 2014-t0-2010 mobile emissions ratio was applied, based on results from MOVES (U.S. EPA
2014). Further, to develop hourly RLINE results, a 24-hour-emissions adjustment was applied, based

on the annual average diurnal profile.

Table D.1. Ratio of 2014 Annual Average to 2010 Annual Average from MOVES2014

PM2s

NOx

Cco

0.65

0.69

0.81

2.5

2.0

1.0

0.5

Annual Average Hourly Emission Ratio
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Hours of Day

17
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Figure D.8. Ratio of 2010 average diurnal profile to average 24-hour mean.
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Table D.2. Ratio of 2010 Hourly Emissions to 24-Hour Mean

Hour CO Ratio NOx Ratio PMz;s Ratio
1 0.22 0.23 0.22
2 0.15 0.15 0.15
3 0.12 0.13 0.12
4 0.12 0.12 0.12
5 0.17 0.18 0.17
6 0.42 0.44 0.45
7 1.01 1.06 111
8 1.58 1.65 1.85
9 1.38 1.42 1.53
10 117 1.20 1.22
11 1.16 1.19 1.14
12 1.26 1.28 1.22
13 1.34 1.35 1.28
14 144 1.39 1.29
15 1.61 1.52 141
16 1.88 1.76 1.67
17 2.05 1.94 1.89
18 1.98 1.92 1.90
19 1.37 1.39 1.33
20 1.06 1.08 1.17
21 0.83 0.85 0.89
22 0.73 0.75 0.78
23 0.56 0.58 0.58
24 0.39 0.41 0.40
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Figure D.10. CO RLINE with yearly and diurnal emission adjustments (ppb).

100

Figure D.11. NOx RLINE with yearly and diurnal emission adjustments (ppb).

After calibration, the CO, NOy, PM,s, and OPWS-PTT concentrations during September 1% to
December 31% still showed very rapid decreases with decreasing proximity to the high source region
(the Connector), as observed from the monitoring results in the DRIVE study. Again, the modeled
spatial distribution of each pollutant included the impact of meteorology and timing and distributions
of mobile source emissions on concentrations, but did not include other sources, or vehicle emissions
outside the 20-county region (the 20-county area dominates on-road mobile emissions in the region),
and pollutant chemistry or deposition.
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To further correct the data, a linear regression was applied using the observations from the
sampling sites.
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Figure D.12. Regression to correct PMzs, CO, and NOx RLINE data with observations.

Table D.3. Linear Calibration

Species PM_s (ug /m?) | CO (ppb) | NOx (ppb)
Linear Regression Slope (a) 0.1025 0.0478 0.0642

(Sensor (ppb) = a*Ref(ppb) + b) | Intercept (b) 9.19 343.02 29.37
R2 0.0838 0.1148 0.1812
N (Hourly Average) 5027 14031 15019

The fields for all the directly simulated pollutant concentrations and derived measures were, not
surprisingly, similar, showing high levels over and very near the freeway (Figure D.13). We also
used the simulated results to develop the spatial IMSI field and OPYSPTT, The OPWSDTT field was
developed directly from the PM_ s field and the OPWSPTT/g derived by Bates and colleagues (2015).
Levels on the GIT campus were generally estimated to be low. Higher concentrations were found on
the other side of the freeway, where more trafficked surface streets are found. However, the
generally easterly winds still led to emissions from the Connector, affecting the campus. The highest
levels were predicted when winds were low, such that the averages were dominated by
concentrations occurring when winds and dispersion were both low (e.g., at night), even if the
emissions were low. The presence of major surface streets surrounding the campus is seen, though at
much lower levels than near the freeway (including at the near dorm). Simulated levels at the RFT
site, far dorm, and JST site were relatively low. The average simulated impact of on-road mobile
sources on PM_ s levels over the fine-scale domain was 0.57 pg/m?; the hourly maximum was 79,
occurring directly on the highway. For CO the same metrics were 24 ppb (average) and 3500 ppb
(max.), and for NO they were 4.0 ppb and 560 ppb (Figure D.14).
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Figure D.13. Simulated study average pollutant concentration impacts from on-road mobile source
emissions simulated by RLINE after calibration: (a) PMzs (ng/m®), (b) CO (ppb), (c) NOx (ppb), (d) the
IMSI, and (e) water-soluble OP from mobile emissions (pmol min-t m-).
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Figure D.14. Hourly mean RLINE concentration data, excluding all outliers outside the interquartile
range for CO, PMzs, NOx, and the IMSI developed from RLINE results from September 1, 2014, to
December 31, 2014, at the sampling locations ordered by increasing distance from the highway source:
(EPD) Georgia Department of Natural Resources Near-road Network Monitor [5 m], (RDS) Near-roadway
stationary site [10 m], (NDO) Near Dorm outside [20 m], (NDI) near dorm inside [20 m], (RFT) rooftop lab
[500 m], (FDO) far dorm outside [1.4 km], (FDI) far dorm inside [1.4 km], and (JST) urban background [2
km].

Although the RLINE results were calibrated using hourly measurements, the correlation with the
observations remained low (R? = 0.07-0.20) for all three species (Table D.4). The diurnal profile
highlights why the correlation between the simulated concentrations and measured concentrations
was low (Figure D.15). The diurnal profiles for the calibrated RLINE results had strong
concentration peaks at 7 A.M. and 6 P.M. and concentrations close to zero between 10 A.M. and 3 P.M.
for all the species. Although the diurnal profiles for the measured pollutant concentrations also
showed two clear peaks in the morning and evening, the drop in the middle of the day was not as
dramatic and was not seen at the near-road sampling locations. Further investigation of means for
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modifying parameterizations as well as calibrating RLINE is recommended. Future RLINE
calibration might consider applying a separate calibration for each hour as opposed to a single
calibration curve.

Table D.4. Linear Regression Correlation (R?) between RLINE and Observations

EPD RDS NDO RFT FDO ST

co 0.02 0.21 0.03 0.04 0.02 0.05

NOx 0.03 0.06 0.04 0.03 0.03 0.07

PM2.s - - - 0.03 - 0.04
a b

301

150 ¢

100

50

Near-dorm Outdoor
= GA EPD (Sm) Roadside |(10m) o (20m)
s Rooftop (500m) e FAr-dOrM OUIAOOT s Jefferson St. (2.3km)

(1.4km)
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Figure D.15. Diurnal profile of RLINE results for (a) PMzs (ug /md), (b) NOx (ppb), (c) CO (ppb), and
(d) the IMSI.

The DRIVE RLINE output clearly showed that the RLINE-simulated levels required calibration,
due to model parameter errors, emissions inventory errors, or very likely both (Anderson et al. 2014;
Fujita et al. 2012; Heist et al. 2013; Isakov et al 2004; Qian and Venkatram 2011; Snyder et al. 2013;
Venkatram et al. 2013a; Venkatram and Schulte 2014). In particular, the very near-field levels were
high compared with observations, sometimes very high; this was particularly true during periods of
higher stability. In a prior study, over a larger domain, it was also found that the near-field levels
were quite high, while areas well away from the city had simulated levels significantly lower than
observations of traffic-related species, indicating that the model overestimates the near-field
concentration gradients (Zhai et al. 2016). Thus, model output calibration was required to better
capture the concentration fields on campus, though the correlation of hourly values between
observations and simulated levels remained low. One advantage of such an exercise is it also
provided an estimate of the urban background that would exist without mobile source emissions and
if there are likely inventory biases in one species versus another. The intercepts suggest that the
urban background CO and NOx are similar to rural observations, supporting the notion that mobile
sources dominate those species emissions in Atlanta, in line with the emissions inventories. The
ratios of the slopes of the regressions suggest that the PM..s emissions estimates are biased low when
compared with the estimates of CO and NOx. This does not mean they are biased high compared
with actual emissions, as NOx and CO emissions may be lower than estimated. Using this type of
analysis to help assess emissions inventories may be of interest but would require further
investigation and would benefit from longer-term and more additional observations than were used
here. Further, our results emphasize the need to further refine the parameterizations in RLINE,
particularly during periods of low dispersion. The RLINE-simulated concentrations captured, but
overemphasized, the diurnal trends in the traffic-related pollutants modeled.

Using linear calibration provides other useful information in addition to providing
spatiotemporal fields of mobile source emissions impacts. The slope is indicative of a combination of
the degree of misspecification of the diffusion and potential biases in the emissions. The regression
slopes were 0.10, 0.05, and 0.06 for PM_5, CO, and NOy, respectively, suggesting that the emissions
estimates were biased high or the dispersion parameters biased low. The intercept is indicative of
what urban concentration levels would be without mobile source emissions. In this case, the CO
intercept was 343 ppb, which is in line with the findings of Zhai and colleagues (2016), and similar
to background levels (Seinfeld and Pandis 2006). NOx was 29 ppb, in line with other measurements
in the area, and PM,swas 9 ug/m?, which was in line with other analyses and similar to the
measurements at the rural site outside Atlanta (Blanchard et al. 2013a, 2013b, 2014, 2016;
Henneman et al. 2015; Hidy et al. 2014; Watson et al. 2015). Although it is difficult to say what is
the most important factor of the slope or intercept when examining any one pollutant, comparing all
three can suggest if any one of the emissions is biased in comparison with the others. Our results
suggest that, compared with PM.s, CO, and NOy emissions, the estimates may be biased high,
though such results should not be taken as conclusive but suggestive of further study.
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Appendix E: Personal Exposures — Matching by Sampling Week
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Figure E.1. Weekly distribution of personal PM2s exposures by participant dorm residence and
corresponding ambient PM2s concentration in (ug/m®) at the JST site.
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Figure E.2. Weekly distribution of personal NO2 exposures by participant dorm residence and
corresponding ambient NO2z concentration (ppb) at the JST site.
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Figure E.3. Weekly distribution of personal BC exposures by participant dorm residence and
corresponding ambient BC concentration (ug/m?3) at the JST site.
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Appendix F: Metabolomics Analysis

C18 Hydrophobic column (negative ion mode) HILIC Hydrophilic column (positive ion mode)

Plasmc Saliva Plasmo Saliva

4535 4888 GIS2N 6667 14646

Figure F.1. Shared features between plasma and saliva samples. In the C18 column, 7,347 metabolites
were extracted in each plasma sample and 7,700 in each saliva sample, with 2,812 common features shared by
both plasma and saliva samples. In the HILIC column, 13,419 metabolites were extracted in each plasma
sample and 21,313 in each saliva sample, with 6,667 commaon features shared by both plasma and saliva
samples.
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