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The number of cases exceeding environmental standards of atmospheric ozone in the major cities in Korea
has steadily increased during the past decades. In order to understand and analyze the atmospheric reactions in
the atmosphere, especially the secondary photochemical reactions, smog chambers studies have been performed
very actively by many research groups worldwide. However, these studies have focused on the mechanism of
photochemical reactions in high concentration conditions, not at the ambient levels. Therefore, in-depth studies
in these conditions are essentially needed to realize exact mechanism in the atmosphere near the earth surface,
especially at Korean atmospheric conditions.

In this experiment, the mechanism of photochemical smog was examined through a comparative experiment
of smog chambers under sun light and black light conditions.

The results of our study indicated that concentrations of ozone, aldehyde, and PAN increased as the radiation
of light source increases. Photochemical reaction patterns can be considered quite similar for both black light
and sun light experiments.

Based on our experiments using toluene as a reactant which is present at significant high levels in ambient
air relative to other VOCs, it was found that toluene could contribute notably to oxidize NO to NO,, this
reaction can eventually generate some other photochemical oxidants such as ozone, aldehyde, and PAN.

The resuits of simulation and experiments generally showed a good agreement quite well except for the case
of O;. The restriction of oxidization of NO to NO, seems to cause this difference, which is mainly from the
reaction of peroxy radical itself and other reactants in the real gas.

Key Words :Ozone, Photochemical reaction, Smog chamber, Toluene, Phothochemical oxidants
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Fig. 3. Flow diagram of PC-PKSS components.

Table 1. List of instruments utilized in this study
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Species Instrument Method Precision (%) Accuracy
NOx Dasibi model 2108 Chemiluminescence + 1% < 1ppb
O3 Dasibi model 18000-RS uv + 10% 1ppb
voC Varian GC 3400 with FID Adsorption Tube R’ = 098
Aldehyde Waters HPLC DNPH Cartridge
PAN Varian GC 3400 with ECD Tedlar Bag R’ = 099
Water Thermo Recoder On-Line 15%RH
Radiation Licor 1800 Spectroradiometer
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Table 2. Specification of GC System

GC-FID GC-ECD
vocoL™
Column Capillary Column Column 2mx3mm Teflon—coated stainless steel
60%0.25%1.5um
. Loop 5md stainless steel loop 6 port valve
Column Temp. 3BT Column Temp. BT
Detector Temp. 200C Detector Temp. 60°C

Table 3. Specification of HPLC System

HPLC

Detector UV/vis. 360nm
Column Nova-park CI8(3.9x300mm)
Operation Method Conditions
Mobile Phases Water/Acetonitrile(45/55 V/V)
Injection Volume 2048
Column o
Temperature HT
Flow Rate 1.0 mL/min

Data System |{PC-based data acquisition system
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Table 4. Rate constants of related reactions

re

Reaction Rate constant

NO, + ho _k_L O(P) + NO |the data from experiment

0 +NO, ﬁ, NO + 0, | 1.38x10'ppm 'min™ "

1D

0+NO,+M _”i NO;+ M| 45x10™ppm “min’

12

0+ No+Mm F 4 NOy+M | 2.34x10"°ppm “min’

Reference: "Schuck et. al, YKaufman

NO, conc.(ppb)
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Fig. 5. NO; actinometry experimentalresults in indoor chamber.
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Fig. 10. Simulation and experimental results in

indoor chamber (Bagl).
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