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Photochemical Reaction in Polluted Air

Hideto Takekawa, Hiroaki Minoura
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Abstract

For the purpose of understanding the photochemical
reactions of polluted air, continuous observation of NO,
NO, and ozone were carried in Nagakute, the suburban
area of Nagoya, using fast spectroscopic instruments by
which fluctuations in trace gas concentrations due to
weather changes were easily detected.

An inverse proportional relation between the surface
0zone concentration and simultaneous measured NO
density was observed, and NO, was found to participate in
the ozone formation and consumption process near the
ground. A potential ozone (PO) concentration about 30
ppb was obtained from the relationships between ozone and
NO, concentration. On the other hand, using the one
dimensional transportation equation for ozone creation and
consumption, the background ozone concentration was
estimated to be 30.4 ppb from the relationship between the

Keywords

0zone concentration and the wind velocity; this value was
equal to the PO concentration. It was then considered that
the 0zone concentration over a wide area around Nagakute
throughout the year was about 30 ppb. Particularly in
summer, the PO concentration was estamited to be 50 ppb,
close to an environmental standard, and it became clear
that the standard achievement is not easy.

The distribution of the concentration between ozone and
NO slightly deviated from inverse proportional
relationship. In order to investigate the cause, a one-
dimensional simulation of the photochemical reaction was
done and the influence of hydrocarbons on the ozone
formation was found . In the ozone formation, NO,
plays the main role, however, the influence of
hydrocarbons was considered to also be an overlapping
formation process.

Ozone formation, Photochemical reaction, Hydrocarbon, NO, , Background ozone
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Items Method Sensitivity T90* response
NO/NO, Chemical luminescence 2 (ppb) 120 (sec)
SO, UV florescences 1 (ppb) 180 (sec)
O, UV absorption 1 (ppb) 120 (sec)
SPM Beta-lay absorption 20 (ugm®)  sampling time=30(min)
T90*; 90 % concentration time-of-arrival
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Fig. 1  Typica example of daily concentration

changes in pollutants observed under a sunny
calm weather condition.
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Fig. 2 A daily and seasonal distribution of Oy
concentration and NO concentration observed
in Nagakute Observation site from April 1,

1993 to March 31, 1994,
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Fig. 3  Therelationships of concentrations of NO and

O3, which was constituted by more than a half-
million data sets of NO and O, observed at the
same time from April 1, 1993, to March 31,
1994. Freguencies of the observed data sets
are given by acolor scale. The solid curve
plotted in thisfigure is a hyperbolic curve on
the basis of the least squares method for the
observed data sets and is described as follows
[NOJx[O,] = 21.6 ppb’

0000000 R&DODODDOOVol. 35 No.1 (2000.3)

O000Fg. 4000DOOOODODOOODD
goboooboogooo

Fig. 50 00D0ONOGODOO0OD0ODDOOOD
OO0O0D0O (@oOooo+NoOOoOooobooDoOol
OOoooDobooOoNo,b1b0b0D00O0OFg. 5
goooboobooboobouoboboboo
4500000000000000000000
O0OoDO0o00o0oDOo0ooDSsoppb 0 OO0
goobobobboooooNoOoobooboog
OOooOoooy0O00O0O00ODbOODbOOD™9930
000oo0oobOooopPOOODOOOO 30ppbl
goobogn

ooooooobobo eoyooooooo
goobooobbooopPObDOUOODDOONO,
gboooboobobooboooboboogon
pooooooNoO,ObbO0O0oooooon
gooboobooobbbooobboooboboo
gogboooooboobooooboboooboboo
gobobboooobboooooboboeonn
O000O0ORrRg. 600D00O0OODOOODOODOD
ggboooooboooooboboooobooboo

100

0.22

[NO,] = 14x[NO]
>y 80
[=9
&=
=
S 60
g
=
8
g 40|
@)
o)
o
z
20
0
NO Concentration (ppb)
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observed at the sametime. The solid curveis

approximated using a power functional curve

on the basis of the least squares method of the

observed data sets and is described as follows
[NO,] = 14x[NO] **
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potential O, concentration in the Nagakute
areawas considered to be about 30 ppb.
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Fig. 6  The relationships between O; concentration
and wind speed observed at the same time.
The solid curve is approximated using the
one-dimensional O; transportation equation
for wind supply from the surrounding area
involving the free troposphere and extinction
to the ground (Muramatsu, 1994) described
asfollows:

_ (U—Co)
[03]obs [OS]bg 7(U _C 1)

where [O3] 4 IS the observed Oy
concentration at wind speed U, [Os],,4 isthe
background O; concentration, and C ; and C
are the constants depending on the O,
destruction speed at the earth surface, surface
roughness, boundary layer thickness, and the
vertical eddy diffusion coefficients.
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Fig. 7 The seasona variation in background Og
concentration obtained using the transportation
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Fig. 8 Simulated results of Ozone and NO,

photochemical reactions using CHEMKIN-II
(Chemical Kinetics Package for the Analysis
of Gas-Phase Chemical Kinetics; Kee, etd.,
1989) calculation code and CBM-V | (Carbon
Bond Chemical Mechanism) reaction scheme.
Background VVOCs concentration are used on
the basis of observed data over Tokyo
(Soufuku, et a., 1990).
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Fig. 9

Comparison between observed (l€eft ; a, b) and ssimulated (right ; c-f) distribution for O; and NO.

Simulated distributions were obtained after 6 minutes reaction under involving VOCs (left ; ¢, d) and
non-VOCs (right ; e, f) conditions, and nighttime case (upper ; &, ¢, €) and daytime case (lower ; b, d, f).
The combinations of initial concentrations of O; and NO were taken 15 by 15 cases (2~30 ppb at 2 ppb
interval for each). Each circle given in these figures show the calculated results of O; and NO for each 15
by 15 case. Fig. 9c and Fig. 9e which are calculated in nighttime condition show good correlation with
Fig. 9a. However, Fig. 9f which is calculated without hydrocarbon in daytime condition, differ from the
distribution in Fig. 9b and showed the symmetric distribution for aline of y =x. The hydrocarbon effect
in daytimeis clear which pushed up the distribution from the hyperbolic relationship between O; and NO.
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