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Figure S1. Comparison of OC measured by the semi-continuous OC/EC analyzer in the
tunnel and the OC measured by the quartz filter sets and OC/EC analyzer in the lab. Red
solid lines are the linear regression fitting of the data.
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Figure S2 One-week time series of (a) CO,, (b) CO, (¢) NOy, and (d) OC concentrations
measured in the tunnel. All data presented in the figure are 1-h averaged data. Except
PAH, all other pollutants are background corrected.
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Figure S3. Diurnal pattern of NOx emission factors measured during weekdays of a
single week in spring 2014 over left and right lanes of Fort Pitt Tunnel
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Figure S4. (a) NOy, (b) OC, and (c) EC emission factors measured in the spring as a
function of diesel fuel fractions in the tunnel and (d) NOy, (e) OC, (f) EC emission factors
measured in the winter as a function of diesel fuel fractions in the tunnel. Circles
represent the measurement data. Solid lines are the linear regression fitting of the data,
and the dashed lines are the 95% confidence bounds of the fitting.



Table S1. Emission factors of Light Duty Vehicle (LDV) measured in traffic tunnels over United States

Nox (g'

Year of CO (g/kg- OC (mg- EC (mg-
References Tunnel measurement N%zé:;g fuel) C/kg-fuel) C/kg-fuel)
Pierson et al.! Fort McHenry Tunnel
’ + a + a - -
MD, Downhill 1992 7.5+0.7 63.2+3.2
Pierson et al.! Fort McHenry Tunnel, 1992 104+1.4°  75+8.6° - -
MD, uphill
Pierson et al.! Tuscarora Mountain 1992 5+3.6°  64.6%6.4° - -
Tunnel, PA, level
Miguel et al.? Caldecott Tunnel, CA 1996 - - - -
Kirchstetter et al.? Caldecott Tunnel, CA 1997 9+0.4° - 35.7 £7.1° 35+ 4
15.0+
Allen et al.* Caldecott Tunnel, CA 1997 - - 39.0 £ 22.0¢ 751%d
McGaughey et al.® Washburn Tunnel, TX 2000 9.1+14.9¢* 743+6.8° - -
Géller et al.® Caldecott Tunnel, CA 2004 - - - 29.4 +4.3f
Grieshop et al.” Squirrel Hill Tunnel, PA 2002 and 2004 33+1.9 - 31.2+324 26.6 £29.8
Ban-Weiss et al.® Caldecott Tunnel, CA 2006 3.0+0.2 - 22.1+3.68 22+4
Dallmann et al.’ Caldecott Tunnel, CA 2010 1.9+0.08" 143+0.7" 16.8+4.8" -
This work Fort Pitt Tunnel, PA 2013 and 2014 2+0.5 11.5 + 3.5* 14.7 +4.8 244 +5.5
- +
Difference of this work with Grieshop et al.(%) -39.4£63.7 - -52.9+118.5 1812 ;

a. We assumed one gallon of gasoline weighs 2.80 kg and one gallon of diesel weighs 3.24 kg to convert unit.

b. Data calculated by Ban-Weiss et al.8 using the revised regression method are reported here.

c. A factor of 1.4 is used to convert Organic Matter (OM) concentration to OC concentration.

d. Data reported here are for PM1..

e. We assumed the density of gasoline equals to 0.74 kg/L to convert unit.

f. Data reported here are for PMzs.

g. A factor of 1.4 is used to convert OM concentration to OC concentration.

h. Data reported here are adjusted light-duty-vehicle emission factors reported in Dallmann et al.°.
i. A factor of 1.25 is used to convert Organic Aerosol (OA) concentration to OC concentration.

j- Results from linear regression of winter data are reported here.



k. The averaged CO emission factor measured in winter 2014 is reported here.

Table S2. Emission factors of Heavy Duty Diesel Vehicle (HDDV) measured in traffic tunnels over United States

Year of NOy (g- OC (mg-C/kg-  EC (mg-C/kg-
References Tunnel measurement NO,/kg-fuel) CO (g/kg-fuel) fuel) fuel)
. 1 Fort McHenry Tunnel, a a
Pierson et al. . 1992 29.9+0.9 21.0+4.6 - -
MD, Downbhill
Pierson et al.! Fort McHenry Tunnel, 1992 33.0£15°  21.0+8.0° - -
MD, uphill
. 1 Tuscarora Mountain R R
Pierson et al. 1992 346+15 10.8+2.8 - -
Tunnel, PA, level
Miguel et al.2 Caldecott Tunnel, CA 1996 - - - -
Kirchstetter et al.3 Caldecott Tunnel, CA 1997 57+7° - 421.4 +57.1 1400 + 600°
Allen et al.* Caldecott Tunnel, CA 1997 - - 495.0 + 105.0¢ 788.0 + 332.0¢
McGaughey et al.® Washburn Tunnel, TX 2000 28.3+4.4° - - -
Géller et al.® Caldecott Tunnel, CA 2004 - - - 709 + 76f
Grieshop et al.” Squirrel Hill Tunnel, PA 2002 and 2004 43155 - 269+ 118 439 £ 109
Ban-Weiss et al.® Caldecott Tunnel, CA 2006 403 - 292.9 + 508 860+ 70
Dallmann et al.° Caldecott Tunnel, CA 2010 28.0+1.5 8.0+1.2 - -
This work Fort Pitt Tunnel, PA 2013 and 2014 11.9 +15.7" 167.8 +36.3"  196.8 +41.0"
Difference with Grieshop et al.(%) -72.3+39.8 - -37.6 £ 48.8 -55.2+29.9

a. We assumed one gallon of gasoline weighs 2.80 kg and one gallon of diesel weighs 3.24 kg to convert unit.

b. Data calculated by Ban-Weiss et al.8 using the revised regression method are reported here.

c. A factor of 1.4 is used to convert Organic Matter (OM) concentration to OC concentration.

d. Data reported here are for PM1..
e. We assumed the carbon fraction of diesel equals to 0.87 to convert unit. The diesel vehicle emission factor reported here are calculated based on
the linear regression results presented in Table 4 in McCaughey et al.5
f. Data reported here are for PMzs.

g. A factor of 1.4 is used to convert OM concentration to OC concentration.

h. Results from linear regression of winter data are reported here.



References

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

Pierson, W. R.; Gertler, A. W.; Robinson, N. F.; Sagebiel, ]. C.; Zielinska, B.;
Bishop, G. A.; Stedman, D. H.; Zweidinger, R. B.; Ray, W. D. Real-World
Automotive Emissions - Summary of Studies in the Fort McHenry and
Tuscarora Mountain Tunnels. Atmos. Environ. 1996, 30 (12), 2233-2256.
https://doi.org/10.1016/1352-2310(95)00276-6.

Miguel, A. H.; Kirchstetter, T. W.; Harley, R. a.; Hering, S. V. On-Road Emissions
of Particulate Polycyclic Aromatic Hydrocarbons and Black Carbon from
Gasoline and Diesel Vehicles. Environ. Sci. Technol. 1998, 32 (4), 450-455.
https://doi.org/10.1021/es970566w.

Kirchstetter, T. W.; Harley, R. a.; Kreisberg, N. M.; Stolzenburg, M. R.; Hering, S.
V. On-Road Measurement of Fine Particle and Nitrogen Oxide Emissions from
Light- and Heavy-Duty Motor Vehicles. Atmos. Environ. 1999, 33 (18), 2955-
2968. https://doi.org/10.1016/S1352-2310(99)00089-8.

Allen, ]. O.; Mayo, P. R;; Hughes, L. S.; Salmon, L. G.; Cass, G. R. Emissions of
Size-Segregated Aerosols from on-Road Vehicles in the Caldecott Tunnel.
Environ. Sci. Technol. 2001, 35 (21), 4189-4197.
https://doi.org/10.1021/es0015545.

McGaughey, G. R.; Desai, N. R;; Allen, D. T,; Seila, R. L.; Lonneman, W. A;; Fraser,
M. P.; Harley, R. A;; Pollack, A. K;; Ivy, ]. M.; Price, ]. H. Analysis of Motor Vehicle
Emissions in a Houston Tunnel during the Texas Air Quality Study 2000.
Atmos. Environ. 2004, 38 (20), 3363-3372.
https://doi.org/10.1016/j.atmosenv.2004.03.006.

Géller, M. D,; Sardar, S. B.; Phuleria, H.; Fine, P. M.; Sioutas, C. Measurements of
Particle Number and Mass Concentrations and Size Distributions in a Tunnel
Environment. Environ. Sci. Technol. 2005, 39 (22), 8653-8663.
https://doi.org/10.1021/es050360s.

Grieshop, A. P.; Lipsky, E. M.; Pekney, N. ].; Takahama, S.; Robinson, A. L. Fine
Particle Emission Factors from Vehicles in a Highway Tunnel: Effects of Fleet
Composition and Season. Atmos. Environ. 2006, 40, 287-298.
https://doi.org/10.1016/j.atmosenv.2006.03.064.

Ban-Weiss, G. A.; McLaughlin, J. P.; Harley, R. A;; Lunden, M. M,; Kirchstetter, T.
W.,; Kean, A.].; Strawa, A. W.; Stevenson, E. D.; Kendall, G. R. Long-Term
Changes in Emissions of Nitrogen Oxides and Particulate Matter from on-Road
Gasoline and Diesel Vehicles. Atmos. Environ. 2008, 42 (2), 220-232.
https://doi.org/10.1016/j.atmosenv.2007.09.049.

Dallmann, T. R.; Kirchstetter, T. W.; Demartini, S. ].; Harley, R. A. Quantifying
On-Road Emissions from Gasoline-Powered Motor Vehicles: Accounting for
the Presence of Medium- and Heavy-Duty Diesel Trucks. Environ. Sci. Technol.
2013,47(23),13873-13881. https://doi.org/10.1021/es402875u.
Dallmann, T. R.; Demartini, S. ].; Kirchstetter, T. W.; Herndon, S. C.; Onasch, T.
B.; Wood, E. C.; Harley, R. a. On-Road Measurement of Gas and Particle Phase
Pollutant Emission Factors for Individual Heavy-Duty Diesel Trucks. Environ.
Sci. Technol. 2012, 46 (15), 8511-8518. https://doi.org/10.1021/es301936c.



