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Purpose of theproject and specific project objectives
The main objectivlaas beemo measure herspherically integrated spectrally resolved solar
photonflux between the wavelengths of 300 and 700 nm (actinic,fangd use the measured
actinic fluxto improve airquality simulations. Photolysis is the main @iof ozone production
and thisfactor defines the significance of this research work.
1 Actinic flux has been measurddringthe summerof 2015 in thePaso del Norte
Airshed, UTEP location
1 The actinic fluxhas been used calculate photolysis rate coefficients for nitrogen
dioxide (NQ), ozone (@) and formaldehyde (HCHO).
1 The improved photolysis rate coefficietigve beenntegrate into a photochemical air
quality model (CAMXx) and simulations for aelected modeling summer
2015 ozone episodeve been performed in an attempt to improve on air quality
forecasting

Scientific Background

The formation of photochemical air pollution, including ozone and particulate matter (PM),
depends on thehotolysis of NQ, O3, HONO, HCHO, aldehydes and ketones and other
compounds. For example, the rate of ozone formation is controlled through the photolysis of NO

NO2 + hn (+O2) - O3+ NO (1)

The magnitude of ozone concentrations is relatededNt» photolysis frequency, J, and N@
NO concentration ratio.

[0] = J [NO] / k [NO] )

The photolysis of @to make excited oxygen atoms'[D produces ozone by making HO radicals
that react with VOC to make H@nd organic peroxsadicals.

Os+hn- OD+O (3)
O'D +H,0- 2HO (4)
A compounddés photolysis frequency, J, i's dete

photon flux (actinic flux),ll), t he compound6és ad$(l9,@andistquatum cr oS s
yields,f (1 ), all integrated over the range of available wavelengths.

J=A@)ss@)zf@)d (5)

The quantity J should be considered a frequency because its dimensiontisPtio®lysis rates
are the product of the photolydrequency and the photolysis species concentration.

Although photolysis frequencies are often a major cause of differences between modeling studies,
they are usually not accurately measured in field studies. Photolysis frequencies are often
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calculated forassumed sky conditions or they are estimated from Epply and UV radiometer
measurements. These procedures may yield photolysis frequencies that are uncertain by as much
as 30 to 40% (Madronich, 1987). The differences between modeled photolysis rateecteffic

and those based on measured actinic flux may be very different. These differences have a strong
effect on air quality simulations of ozone and these are discussed in Stockwell and Goliff (2004).
An isopleth of the percent relative difference betwaaximum ozone calculated from photolysis

rate coefficients based on measured actinic flux and the maximum ozone calculated from
photolysis rate parameters based on modeled actinic flux are shown in Figure 1.
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Figure 1 A comparison othe percent relate difference between maximum ozone calculated
from photolysis ratecoefficients based on measured actinic flux and the maximum ozone
calculated from photolysis rate parameters based on modeled actirfar furange of conditions
of nitrogen oxides (NOxand volatile organic compounds (VOC).



Measurement Procedures

The UTEP projechas usea spectrally resolved rammeter (spectrometer) (Figw2, 3) to
measurectinic flux that subsequenthas beemised to calculate the phétsis frequencies from
Equation5. Figure 4showsa schematic of the operationtbe spectrometer. An advantage of
using spectrometer data fgat any photolysis coefficientsay be calculated from this data in the
futur e, pr ovsiadsergbn $pacaum and ligeantgnayseld probability of reacting
after absorbing a photon are known.

Fig.2.Optical sensor installed on the roof of the Physical Sciences Building.



Figure 3 Actinic flux spectrometer collection head.
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Figure 4 Actinic flux spectrometer schematic diagram.



The specifications for the spectromedt@be used are given in Taldlelt consists of a

hemispherical radiation collection head and a monolithic monochromator with a 512 pixel diode
arraydetector with a spatial resolution of 2.1 nm (FWHW). The spectrometers will have an
extremely fast response time that is able to provide the actinic flux required to determine the
photolysis rate coefficient for the photolysis of ozone to produ€ei®200 ms (or less).

Tablel

Spectrometer Type Monolithic single monochromator with a fixed
grating

Radiation Receptor Optics Isotropic diffuser (quartz scattering dome with 4
nearly uniform response ovefsteradian)

Optical Coupling Quartz Fiber Roundto slit converter

Detector Element Cooled Charged Coupled Device (CCD)

Detector Configuration 512 pixel Hamamatsu pixel array

Spectral Range 280 nmi 650 nm

Spectral Resolution 2.1 nm Fullwidth at Half Maximum (FWHM) at
300 nm

Temperaturé&ensitivity < 0.05 nm/K

Spectral Reproducibility 0.01 nm or better

Stray Light Suppression Electronic compensation using signal between
280 and 290 nm

Measurement time for JO3 < 200 ms

Resolution of INO2 Better than 0.3 % for sun elevation at 25°C

Repoducibility of two +/- 3 counts per pixel at 25°C

successive scans

Instrument Housing Air and watettight, Isotropic diffuser is
hermeticallysealed (tested to 0.5 bar by
manufacturer).

A pre-calibration test was done before the installation ofriteument and an initial preliminary
analysis of the rate coefficients, thealues, for a specific case (June 27, 28) was perfqrased
observed on Figures 5 and 6

Spectrometer Location

The actinic flux spectromet& located on the roof of the Phgal Sciences Building at the
University of Texas, El Paso, located in the city of El Paso. The collectioridwiddast

two meters above the surface of the roof to reduce ground reflection effects.

This is a site that is representative of the El Pagiome Because El Paso is in a desert
ecosystem with no major changes in the terrain during the study period, the albedo will be
constant.
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Figure 5 Photolysis Rate Coefficients for NO
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Figure 6 Photolysis Rate Coefficients for30



Methodology

The first step was to establish a correlation between the photolysis rate coeffisiahiesj and
the ozone concentratiorfaigures 714 illustratea minor correlation

Correlations between Ozone concentrations and-values for June 27July 4, 2015
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CORRELATION BETWEEN OZONE CONCENTRATION AND
JVALUES (JUNE 29, 2015)
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CORRELATION BETWEEN OZONE CONCENTRATION AND
J-VALUES (JUNE 30, 2015)
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Figure 10
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