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Introduction

Methods and Instrumentation

• Nitrogen oxides (NOx=NO+NO2) from vehicle
emissions have a significant impact on public health not
only through direct exposure but also because they
produce ambient ozone (O3) according to the following
reactions:

•CO and NO was injected in a constant and known
concentration, while it was diluted with the ambient air
that was being pushed through the chamber.

HO2 + NO → OH + NO2
RO2 + NO → RO + NO2
NO2 + hv → NO + O
O + O2 + M → O3 + M
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• Laboratory studies show that titanium dioxide (TiO2)
degrade harmful NOx in presence of light1. However,
there are few studies that demonstrate its efficiency in
ambient conditions2-3 due to the large number of
environmental parameters including dispersion that
impact pollutant concentrations. Therefore, to
understand the impact of TiO2 treated surfaces on air
quality is necessary to find a metric that is independent
of environmental conditions.
• The ratio between CO and NOx (CO/NOx) has been
used to represent characteristic vehicle emissions in
urban areas4. CO remains stable during interaction with
TiO2, therefore it can be used as tracer during
photocatalytic experiments.

Objectives
•Determine if CO/NOx ratios can be used to
understand changes in NOx ambient levels caused by
the presence of photoactive roads.

•To determine CO/NOx, instruments were connected as
an input and output to the chamber:
Input
Ozone Analyzer model 1003-AH Dasibi Environmental Corp.
Gas Filter Correlation CO Analyzer model 48 Thermo Environmental
Instruments Inc.
Chemiluminiscence NO, NO2, NOx Analyzer model 42 Thermo
Environmental Instruments Inc.
Output
Ultra Fast CO Analyzer AL5002 Aero Laser
Bae 146 NOxy System Air Quality Design Inc.
UV AB Digital Ultraviolet Light Meter General Tools

•The EC was injected with the mentioned gases from
4:30am for sixteen (16) hours, and the chamber was
rotated every thirty (30) minutes to avoid sample
shading from the chamber support frame.

•Figure 2 displays a time series of NOx concentrations
inside the chamber, and ambient concentrations of CO
and O3 in the ambient air entering the chamber as well as
solar irradiance. NO and NOx initially increase to ~100
ppbv due to the addition of NO to the chamber. Once the
sunlight reaches the chamber, these concentrations start
to decrease while O3 and NO2 increase. The mixing ratio
for the tracer pollutant CO remained relatively constant
at ~ 500 ppbv throughout the day.

• Temperature was monitored on the surface of the
samples and for the air inside the chamber to see if it
affected the efficiency of the NOx removal. As Figure 4
shows, the difference in temperature got to about twenty
degrees Celsius during the hottest period of the day.

Figure 4. Time series of the temperature on the surface of the
asphalt samples and on the chamber’s air.

Conclusions
•Once the sunlight illuminates the samples, TiO2 begins
the photochemical degradation of NOx while the
CO/NOx ratio from the output starts to increase rapidly.

•The experiment was done using an environmental
chamber (EC), built with PFA Teflon film and Plexiglas
doors.

•After 9am, an increase of NO2 suggests the oxidation of
NO, from O3, to NO2. This reaction is responsible for the
decrease in the CO/NOx ratio from the output, at the
same time.

•The EC was placed on the Dana hall building roof at
Washington State University, Pullman, to provide
natural sunlight for the photochemical reaction.

Figure 1. Environmental
chamber with the six
TiO2-coated
asphalt
samples.

Figure 3. On the left y-axis, the CO/NOx ratios from the input
of the chamber and from the output are presented. Also, a
time series of the net shortwave (SW) radiation is graphed in
the right y-axis.
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• Inside the EC, six samples of TiO2-coated road asphalt
were placed, as seen in Figure 1.

Results

Figure 2. Time series of NOx, NO2, and NO mixing ratios
throughout the day on the bottom x-axis. On the upper x-axis
are O3 and CO mixing ratios for the day.

•Figure 3 shows how the output ratio between CO and
NOx starts to increase rapidly once the sunlight reaches
the chamber at about 7am. On the other hand, the input
ratio keeps a steady state as the output ratio varies
throughout the day.

•Following the CO/NOx ratio after interaction with the
photoactive material, it is feasible to understand the
impact on NOx independent of environmental
conditions.
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