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Ozone Event Days—

The Effect of Meteorology and Topography on Formation
and Transformation of Ozone in the Lower Atmosphere
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Abstract

The monitoring data were used to investigate the effect of surface wind, time, and terrain on the transformation of
ozone. The sampling and the analysis in the coastal and in Taichung basin were completed. The vertical distribution of
03, NOx and HC and the different altitude wind were investigated. The contour of O; and surface wind with 3D map
were plotted. The results show that the correlation behaves relativity of relative humidity with ozone is the best, and solar
radiation is the next. Enhancing environmental moisture can efficiently decrease ozone concentration. In each ozone
event day are: (1) the high [O3] always starts from 11:00, (2) the ozone concentration on the coastal is always low due to
the high humidity, (3) the high [O3] in the east of the basin is due to the basin effect which causes changes the surface
wind, and (4) in the evening, the descend rate of [O3] in the coastal area is lower because ozone blows into the coastal
area. The formation rate (R) and disappear rate constant (L) of the ozone event day were obtained. The values of R and L
change from plus to minus before 14:00. The values of R and L are lower at 14:00~15:00 due to the photochemical smog
formation. And another lower R and L value before 16:00 may be due to ozone react with particle or water. The results of
analysis indicate that: (1) the concentration increases with increasing altitude, and the maximum is at 300~500 m height,
(2) 73 kinds of hydrocarbons were identified, and the concentration variation with altitude was also investigated, and (3)
most of low molecular weight HC are at lower altitude, otherwise high molecular weight HC are at higher altitude. The
results also show that: (1) [O3], [NO], and [NO;] on the basin are not only lower than on the coastal, but also their
variability of concentration are big, (2) THC, paraffins, and olefins on the coastal are higher than on the basin, and the
concentrations increase with increasing altitude on the coastal, but on the basin is decreasing, (3) the average
concentrations of halides, aromatics, oxides, and others are similar on both area, but concentration variability on the
coastal is obvious. Two types of O3 transformation was investigated, the phenomenon indicts that: (1) when wind blew
into the basin, [O;] increased with wind direction. The value of R and L change from positive (12:00) to negative (14:00);
(2) when wind blew out of the basin, [O3] decreased with wind direction. The more small value of R (-202.561) and L
(—1.621) appeared at 12:00 earlier. But the value of R and L will become bigger to —76.411 and 0.244; (3) ozone
concentration does not just dependent on wind direction., topography and surrounding conditionsa are more important
effect. The experimental results show that: (1) ozone formation or disappearance depends on different HC, (2) the effect
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of [NOJ, is small for ozone photochemical reaction, but [O;] decreases with increasing [NO], (3) the descend rate of O;
depends on high humidity more than different kinds of HC or [NO], and (4) the descend amount of ozone increases with
increasing humidity strongly, and the descend rate of ozone decreases with enhancing [Os],. A statistical model was
developed. The reaction rate and rate constant of ozone reaction with water were also obtained.

Keyword: Ozone, Meteorology, Topography, Formation, Transformation
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Figure 1 Steps in the study process
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Table 1 Results of the relative coefficients between some parameters and ozone.

Parameters Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Annual

Solar radiation

daytime 0.546 0.596 0.693 0.672 0.564 0409 0.654 0.520 0.719 0.628 0.484 0.445 0.578
Relative humidity

daytime -0.683 -0.737 -0.752 -0.633 -0.615 -0.410 -0.542 -0.455 -0.785 -0.665 -0.527 -0.416 -0.602

nighttime -0.576 -0.532 -0.551 -0.333 -0.334 -0.135 -0.185 -0.110 -0.226 -0.177 -0.410 -0.295 -0.322
Ambient temperature

daytime 0.333 0452 0479 0496 0.679 0.631 0.604 0.638 0.674 0.753 0.431 0314 0.540

nighttime -0.404 -0.387 -0.297 0.032 0.268 0.148 0.235 0.247 -0.044 -0.077 -0.315 -0.345 -0.078
Methane, CHy4

daytirne -0.314 -0.046 -0.097 -0.400 -0.052 -0.132 -0.144 -0.010 0.012 -0.181 0.081 -0.044 -0.111

nighttime -0.295 -0.488 -0.528 -0.447 -0.162 -0.248 -0.159 -0.149 -0.200 -0.188 -0.373 -0.066 -0.275
Non-methane hydrocarbon, NMHC

daytirne -0.034 -0.167 -0.032 0.202 -0.017 -0.242 -0.375 -0.342 -0.256 -0.033 -0.138 -0.078 -0.126

nighttime -0.228 -0.342 -0.230 -0.201 -0.160 -0.133 0.021 -0.069 -0.106 -0.106 -0.253 -0.096 -0.159
Sulfur dioxide, SO»

daytime 0.161 0.233 0.250 0.082 0.222 -0.024 -0.107 -0.097 0.340 0.269 0.329 0.181 0.153

nighttime -0.130 -0.270 0.184 0.011 0.173 0.083 0.188 -0.178 0.312 -0.060 -0.163 -0.104 0.004
Carbon monoxide, CO

daytime -0.183 0.081 -0.117 -0.078 0.009 -0.076 0.013 -0.072 0.048 -0.026 0.111 0.041 -0.021

nighttime -0.355 -0.316 -0.213 -0.162 -0.093 -0.252 0.126 -0.052 0.015 -0.247 -0.287 -0.311 -0.179
Nitric oxide, NO

daytime -0.348 -0.151 -0.482 -0.336 -0.186 -0.329 -0.470 -0.350 -0.445 -0.447 -0.444 -0.389 -0.365

nighttime -0.395 -0.474 -0.492 -0.254 -0.171 -0.288 -0.227 -0.309 -0.410 -0.417 -0.364 -0.511 -0.359
Nitrogen dioxide, NO;

daytime -0.076 -0.060 -0.188 -0.247 0.027 -0.066 0.101 0.053 0.301 0.092 0.080 -0.048 -0.003

nighttime -0.547 -0.534 -0318 -0.148 -0.056 -0.253 -0.030 -0.198 -0.129 -0.397 -0.547 -0.388  -0.295

Note: Daytime and nighttime are at 06:00-18:00 and 18:00-06:00 next day.
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Figure 4 Measurements of ozone and surface wind from air-monitoring stations of the Taichung Area on April 27, 2001. (a) five air-monitoring
stations in the coastal area. (b) six air-monitoring stations from sea side to the east of basin. (c) six air-monitoring stations in the Taichung Basin.
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Figure 9 Schematic of the sampling apparatus for air pollutant at different altitude.
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Table 3 Summary of the qualitative analysis
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Figure 13 Chromatogram and RRF of the standard gases separation obtained after collecting
VOCs in a concentrator with Tenax-TA. (a) TO-15 Ozone Precursor Mixtures (RESTEK,
cat.#34420) and (b) TO-14A Calibration Mixtures (RESTEK, cat.#34400).
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Figure 15 Plot of concentration and compound distribution at different altitude at (a) S1,
(b) S2, (c) S3, and (d) S4, in the coastal area on June 27 and 28, 2002.
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Figure 16 Plot of concentration and compound distribution in the different altitude at (a)
L1, (b) L2, (c) L3, and (d) L4, in Taichung Basin on July 1 and 2, 2002.
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Figure 17 Plot of concentration and compound distribution in the different altitude at (a) S1,
(b) S2, (c) S3, and (d) S4, in the coastal area on August 1 and 2, 2002.
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Figure 18 Plot of concentration and compound distribution in the different altitude at (a)
L1, (b) L2, (c¢) L3, and (d) L4, in Taichung Basin on September 14 and 15, 2002.
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Figure 26 Ozone concentration
distributions and wind field on
August 1, 2002 at (a) 11:00,
(b) 12:00, (c) 13:00, (d) 14:00,
(e) 15:00.
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Figure 27 Ozone concentration
distributions and wind field on
August 2, 2002 at (a) 11:00,
(b) 12:00, (c) 13:00, (d) 14:00,
(e) 15:00.
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Figure 31 The Box-whisker plots of the analysis data in Taichung Basin. (a) O3, (b) NO, (c) NO,, (d) HC.
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Figure 32 The Box-whisker plots of the analysis data in the coastal area. (a) O3, (b) NO, (c) NO,, (d) HC.
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Table 4 The data of two lines of Figure 35 to calculate R and L values

Point-1 Point-2 Point-3 Point-4 Point-5 Point-6 Point-7 Point-8 Point-9 R I
(03] u [O3] wu [O5] w [O3] w [Os] w [O3] u [Os] u [O5] u [O5] wu

Surface wind blew into the basin at 12:00, June 28, 2002
48 6120 58 6840 67 9180 77 9360 8 9180 91 8820 92 7200 101 8280 106 8280  109.622 0.913
AX105=3284 M, Atre,3=2512 m, Az ,=1932 M. Axse,5=2512 m, Avse,6=3478 m, Axge,7=3284 m. Axs,e=2125 m, Axge,0=2318 m

Surface wind blew out of the basin at 12:00, July 1, 2002
167 7380 156 8280 150 10080 144 11520 132 12960 121 13140 10912960 92 12240 75 11520 —-202.561-1.621
Ax15;=4250 m, Axy3=3090 m, Axz4=2473 m. Axy,5=2705 m, Axs,=3864 m, Axs,7=3980 m. Ax7,s=4753 m, Axz,=4250 m

Surface wind blew into the basin at 14:00, June 28, 2002
58 6900 65 6650 73 6480 86 7410 102 7410 115 7880 123 7880 131 9500 136 9970 -52.083 —0.968
Ax155=3719 m, Ax;3=2819 m, Axz,4=3054 m. Axy,5=2936 m, Axs,=3602 m, Axs,7=2036 m. Ax7,g=1957 m, Axg ,,=1957 m

Surface wind blew out of the basin at 14:00, July 1, 2002
240 15120 21114760 163 14500 144 14400 125 14050 106 13680 96 13500 86 12960 58 12600 -76.411 0.244

The unit of [O3], u, R, and L are pg/mj, m/hr, ug/mj-hr, and 1/hr.
[ - y‘@ﬁ:{ %5 (7 AL
FIIH ] 5 5952 2 5 FF# LN ee N ?“Vfﬁ%ﬁf R Rl R l'ﬁl?riik (Least square
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iy = s X = 1 Xg Xyt X 0=|ag
_yn_ 1 xln x2n xmn_ _OCm_
FIIEr st [ j%f fr LT T [~ (normal) H A
a=X"X)"(X"Y) (8)
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TS Y ] P S R E R - 19 A VAR LR
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[O5]1=T7. 6 + 17 994[Radiation] — 6.408[Humidity}- 2.703[NO]+1.752[NO, ]

—4.22x1073[Paraffins] —1.01x 1072[Olefins] —9.45x 10~ [ Aromatics] 9)
—8.147x1073 [Organicoxides]—1.56 x 1072 [Organichalides]—9.96 x 1073 [Others]
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Figure 36 Experimental arrangement for the photochemical reaction.
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Ozone Event Days—
The Effects of Meteorology and Topography on Formation
and Transformation of Ozone in the Lower Atmosphere

Chen-Jui Liang
National Taichung Second Senior High School, Taichung, Taiwan

Abstract

The monitoring data were used to investigate the effect of surface wind, time, and terrain on the
transformation of ozone. The sampling and the analysis in the coastal and in the Taichung basin were
completed. The vertical distribution of O3, NOx and HC and the different altitude wind were
investigated. The contour of O3 and surface wind with 3D map were plotted. The results show that
the correlation behaves relativity of relative humidity with ozone is the best, and solar radiation is
the next. Enhancing environmental moisture can efficiently decrease ozone concentration. In each
ozone event day are: (1) the high [Os] always starts from 11:00, (2) the ozone concentration on the
coastal is always low due to the high humidity, (3) the high [Os] in the east of the basin is due to the
basin effect which causes changes the surface wind, and (4) in the evening, the descend rate of [Os]
in the coastal area is lower because ozone blows into the coastal area. The formation rate (R) and
disappear rate constant (L) of the ozone event day were obtained. The values of R and L change from
plus to minus before 14:00. The values of R and L are lower at 14:00~15:00 due to the
photochemical smog formation. And another lower R and L value before 16:00 may be due to ozone
react with particle or water. The results of analysis indicate that: (1) the concentration increases with
increasing altitude, and the maximum is at 300-500 m height, (2) 73 kinds of hydrocarbons were
identified, and the concentration variation with altitude was also investigated, and (3) most of low
molecular weight HC are at lower altitude, otherwise high molecular weight HCs are at higher
altitude. The results also show that: (1) [O3], [NO], and [NO;] on the basin are not only lower than
on the coastal, but also their variability of concentration are big, (2) THC, paraffin, and olefins on
the coastal are higher than on the basin, and the concentrations increase with increasing altitude on
the coastal, but on the basin is decreasing, (3) the average concentrations of halides, aromatics,
oxides, and others are similar on both area, but concentration variability on the coastal is obvious.
The results of the reaction experiment show that: (1) ozone formation or disappearance depends on
different HC, (2) the effect of [NO], is small for ozone photochemical reaction, but [O3] decreases
with increasing [NO], (3) the descend rate of O3 depends on high humidity more than different kinds
of HC or [NO], and (4) the descend amount of ozone increases with increasing humidity strongly,
and the descend rate of ozone decreases with enhancing [Os]. The reaction rate and rate constant of
ozone reaction with water were also obtained.

Keyword: Ozone, Meteorology, Terrain, Formation, Transformation

1. Introduction

High concentration of ozone is a major environmental concern in Taiwain because of its
adverse impacts on human health. Taiwain, with warm and high humidity climates, is especially
likely to experience high ozone. But the effect of meteorology and topography on formation and
transformation of ozone in the lower atmosphere on an island is seldom studied"" ™. The Taichung
basin is a special area, which combines coast, basin and mountain topography. The high
concentration of air pollution accumulates easily in the Taichung basin because of the basin effect.
So this study does not only discuss the above influential factors but also includes the correlation
with mass and concentration of HC vertical distribution in the atmosphere, wind field and
topography effect. This helps discern the mechanism of ozone formation.
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2. Study process

Fig. 1 shows the observed steps in the study process. First, the analysis of monitoring data
from 2001 to 2002. Second, field measurements by means of Tenax-TA column concentrations and
GC-MS analysis. Finally, some of the approaches have been developed in the laboratory.

1. Monitoring 2.Field measurements: 3.Laboratory
data analysis (1). during ozone event and normal days. experiment
(2). in the basin and the coastal area.

A4 ¢
v v v '

Ground air Meteorological 03, NOx and HCs Wind at different O3
quality data data vertical distribution altitude reactions
l l v \ 4
Plot of contours Plot of Plot of contours Plot of
for O3, NOx, surface for O3, NOx and different Reaction
and HCs on O3 wind on O; HCs on the altitude wind results
event days event days vertical plane with time

I v v }

A\ 4
Investigating the effects of meteorology and

terrain on formation and transformation of
ozone in the lower atmosphere

\ 4

Topography data

Figure 1 Steps in the study process

3. Taichung basin digital maps
It has been necessary to set up digital maps for this study. Therefore, these two maps have
been developed. Both use UTM scales. One is a three-dimensional contour map in which the
visual angles are changeable; the other is a color differential map.
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Fig. 2. Plot of two 3D topographic maps of the Taichung Area

4 Monitoring data analysis
There are 22 ambient air-quality monitoring stations in the Taichung area (Fig. 3). The
monitoring were taken during the daytime of four event days and eight field measurement days, were
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used to plot ozone contour and wind field maps.

Annual data for 2001 were only taken from C2 station (Fig. 3) to calculate the correlation
coefficients between ozone and parameters. This station monitored the most parameters.

These air quality-monitoring stations are divided into three groups depending on their distance
from the Taichung coastal area\Line-1, mountainside area\Line-2, and between the coastal and
mountain\Line-3. The field measurement sampling positions for this study are also show in Fig. 3.
These sampling positions are divided into two sets, i.e. coastal area\green flags and mountain
side\red flags.
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A Central Weather Burean weather stations
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Line-1: C1, P53, T1, P&, and T3 five Q-monitoring stations. Line-3: C2, Ta, C3, T7, T4, and T2 six Os-monitonng stations,

Fig. 3. Map of monitoring stations and sampling positions in the Taichung Area

(1) Factor analysis

For understand the role of the major parameters in the ozone formation, a statistical factor
analysis method was used to assess the correlation coefficient between ozone with the different
concentrations of precursors and variable meteorological factors, the following equation was used:

D (xi =% -7) (1)

i=1

D=0 D (ri-9)?
i=1 i=1

rxy

As can be seen, during daytime (06:00~18:00) in monthly and annul data, solar radiation,
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relative humidity and ambient temperature have high relative importance with ozone (Table 1 and
Fig. 4). They are generally higher than the other 6 parameters. The importance of relative humidity
is the highest of the variables. With the r,, all at negative values, indicating that O3 concentration
decreases with increasing relative humidity. High solar radiation is always coupled with high
temperature, so they seem to be of equal importance, both of their coefficients present high positive
correlation with ozone. Relative humidity exhibits the most major contribution. The correlation
coefficients of other precursors are relatively low, especially as no relationship is obvious for CHy
and NMHC concentration variation during the day hours. The importance of NO is the highest of
the other precursors (annul data is —0.36), but presents a negative correlation. Ozone will react with
moisture, CHs, NO, or NO; in the nighttime (18:00~06:00), so their correlation coefficients are
negative values. However, the correlation coefficient between NO and Os is the maximum, and
relative humidity is the second.

Table 1 Results of the relative coefficients between some parameters and ozone.

Parameters Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Annual

Solar radiation

daytime 0.546 0.596 0.693 0.672 0.564 0.409 0.654 0.520 0.719 0.628 0.484 0.445 0.578
Relative humidity

daytime  -0.683 -0.737 -0.752 -0.633 -0.615 -0.410 -0.542 -0.455 -0.785 -0.665 -0.527 -0.416 -0.602

nighttime -0.576 -0.532 -0.551 -0.333 -0.334 -0.135 -0.185 -0.110 -0.226 -0.177 -0.410 -0.295 -0.322
Ambient temperature

daytime  0.333 0.452 0.479 0.496 0.679 0.631 0.604 0.638 0.674 0.753 0.431 0.314 0.540

nighttime -0.404 -0.387 -0.297 0.032 0.268 0.148 0.235 0.247 -0.044 -0.077 -0.315 -0.345 -0.078
Methane, CHy

daytime  -0.314 -0.046 -0.097 -0.400 -0.052 -0.132 -0.144 -0.010 0.012 -0.181 0.081 -0.044 -0.111

nighttime -0.295 -0.488 -0.528 -0.447 -0.162 -0.248 -0.159 -0.149 -0.200 -0.188 -0.373 -0.066 -0.275
Non-methane hydrocarbon, NMHC

daytime  -0.034 -0.167 -0.032 0.202 -0.017 -0.242 -0.375 -0.342 -0.256 -0.033 -0.138 -0.078 -0.126

nighttime -0.228 -0.342 -0.230 -0.201 -0.160 -0.133 0.021 -0.069 -0.106 -0.106 -0.253 -0.096 -0.159
Sulfur dioxide, SO,

daytime  0.161 0.233 0.250 0.082 0.222 -0.024 -0.107 -0.097 0.340 0.269 0.329 0.181 0.153

nighttime -0.130 -0.270 0.184 0.011 0.173 0.083 0.188 -0.178 0.312 -0.060 -0.163 -0.104 0.004
Carbon monoxide, CO

daytime  -0.183 0.081 -0.117 -0.078 0.009 -0.076 0.013 -0.072 0.048 -0.026 0.111 0.041 -0.021

nighttime -0.355 -0.316 -0.213 -0.162 -0.093 -0.252 0.126 -0.052 0.015 -0.247 -0.287 -0.311 -0.179
Nitric oxide, NO

daytime  -0.348 -0.151 -0.482 -0.336 -0.186 -0.329 -0.470 -0.350 -0.445 -0.447 -0.444 -0.389 -0.365

nighttime -0.395 -0.474 -0.492 -0.254 -0.171 -0.288 -0.227 -0.309 -0.410 -0.417 -0.364 -0.511 -0.359
Nitrogen dioxide, NO;

daytime  -0.076 -0.060 -0.188 -0.247 0.027 -0.066 0.101 0.053 0.301 0.092 0.080 -0.048 -0.003
nighttime -0.547 -0.534 -0.318 -0.148 -0.056 -0.253 -0.030 -0.198 -0.129 -0.397 -0.547 -0.388 -0.295

Note: Daytime and nighttime are at 06:00-18:00 and 18:00-06:00 next day.
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Correlation coefficients
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Fig. 4 Results of correlation coefficients between ozone and parameters during
the daytime (C2, 2001 annual data)

(2) The effect of wind field, time and topography on transformation of ozone
Fig. 5~8 show that: (1) the ozone event day always occur at low surface wind speed (about 3

m/sec), and wind direction always comes from south-east, south, or east in the southern area of the
Taichung; (2) the ozone concentrations of T7 and C4 are always the maximum due to heavy traffic
and some location industry; (3) ozone and it’s precursors will come from south-east, so the ozone
concentration at the downwind position of the Taichung area is high especially on May 25, 2002; (4)
the surface wind in the coastal area is different from the basin, so the ozone concentration is always
kept low even on the ozone event day.
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(3) Numerical analysis
An unsteady state and one-dimensional atmospheric transport equation!'” for ozone in

o051, AlOs) _ 10, )
ot ox

where u, R, and L[Os] are wind speed, ozone generation rate, and loss rate. The simplest method for
the solution of Eq.(2) is base on the finite difference approach. Writing

(051 -[05]} , u'[05]7 —u/4[O5]1-
At AX;esim
The air quality monitoring stations of Line-2 are parallel with wind direction at 11:00~17:00

on October 7, 2001 (see Fig. 6), so the data of these stations are satisfy the conditions of Eq.(2).
Summary of the data of the air quality monitoring stations of Line-2 are listed in Table 2. Plot the

0" u'OL] —u” 4
(0] value against| O3 (O3], u/10sJ ~u, O3,
At AX; 511

The results are shown in Table 2.

L= R"— L'[0y]] 3)

], the slope is —L" and the intercept R

Table 2 Observed ozone concentrations and surface wind speeds and calculated R and L
values in T7, T4, T1, and P5 on October 7, 2001.
i 1(T7) 2 (T4) 3(T1) 4 (P5) R I
[03]3 u [03»]3 u [03]3 u [03]3 u 3
t, (ug/m®) (m/hr) (ug/m’) (m/hr) (ug/m’) (m/hr) (pg/m’) (m/hr) (Hg/m-hr) — (1/hr)
11:00 154.6 4680 1279 3600 62.1 6840 65.6 5760

12:00  200.1 6480 1525 4320 1055 7200 107.8 6840 22(8)32 ?gg;
13:00 2139 6120 1725 6840 139.0 7920 140.5 7920 30‘98 0'215
14:.00  228.6 5760 180.0 8640 1432 7200 1455 6480 _213'05 —1‘262
15:00 2239 8280 166.8 9000 1423 7200 152.5 6120 12887 _0.468

16:00 1843 11160 149.2 12600 124.6 7920 116.3 7920
17:00 143.6 9360 141.7 11880 102.8 11160 86.9 7920
AX1<_>2=9296 m, sz(_>3:941 8 m, AX3<_)4=2757 m.

-201.03 —-1.082

Fig. 9 shows the value of R and L

change from positive to negative before X iz: ‘ .
14:00. The maximum ozone concentration = ok R>0and L>0 | R<0and L<0
of each station is always at 14:00. The E ook
values of R and L are lower {from E soF T7
14:00~15:00 due to the photochemical smog g al T4 T1
formation®”!. And another lower R and L S sk PS
value before 16:00 may be due to ozone S o
reaction with particles or moisture. g OpD—1—1 11111111
- 200
. . . ‘E. 0:
5 Vergeal s‘amphng ‘and analysis . 3 Nox ot
This vertical sampling arrangement is set o | mmHCto Maxinm N\ g o
up by using a big balloon (2.2 m diameter) y 2 [ maximn > 2
filled with hydrogen gas, one electro-motion = o
capstan with rope and several automatic Y T

09:00 11:00 13:00 15:00 17:00 1900

Figure 9 O;concentrations, R and L values of
the Taichung Area on October 7, 2001.

sampling apparatuses shown in Fig. 10. The
automatic sampling apparatus combines a
preset initiation timer, auto-pump and 10 L
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Tedler sampling bag. When the balloon floats up high into the atmosphere it will drag several
automatic sampling apparatuses, tied with rope, up to different altitudes. For the safety of the
air-line, the highest sampling position is limited; six differential altitude positions are at ground,
100, 200, 300, 400 and 500 m. After vertical sampling, some air from the Tedler sampling bags
were analyzed for NO, NO,, and O; by monitors immediately, and the rest were concentrated by a
Tenax-TA column in liquid nitrogen bath for HC analysis. While a GPS and a laser range-finder
were used to determine the sampling height.

Big balloon

Automated
satmple putnp
with Tedler
sample bag

-—

Balloon height =7 cos g

7. 15 the distance hetween
halloon and ground. 9

Electromotion

capstan LaserRange-Finder &

Fig. 10. Schematic of the sampling apparatus for air pollutant at different altitude.

(1) Primary concentration process for HC

It is necessary to concentrate samples for analysis because of the lower mass of HC in the
atmosphere. This process follows U.S. EPA TO-10 and TO-14A methods. The concentration
arrangement is shown in Fig. 11. Air samples from Tedler bag was concentrated by a Tenax-TA
adsorption column in liquid nitrogen bath. The volume concentration is 15,000 times, so the
detection limit of HC mass can be expected in ppb range

Filter Thtee way walve

ooo

[~

L] L]
D1y gas Pumping
test meter system

Fig. 11. Air sample being concentrated with Tehax-TA column in a liquid nitrogen bath for HC analysis.

Liguid nitrogen
Tedler bag bath



(2) Analysis for O3, NOx and HC
The monitors for O3 and NOx are API Model-200A and DASIBI Model-1008-PC O3 Analyzer.

The following methods are NIEA A417.10T and NIEA A420.10T. After sampling, O3, NOx were
analyzed from bag air by above instruments immediately, and then the other air gases were
concentrated by Tenax-TA. The quality and quantity analysis of HC was conducted in the laboratory
by Shimadzu QP-5050A GC-MS with heat-desorption equipment. The Tenax-TA adsorption
column was kept in liquid nitrogen bath before analysis to prevent leaking. The first step of analysis
is that Tenax-TA column desorption in heat-desorption equipment to 150°C then sample
accumulation and inlet to GC—MS to —20°C by liquid carbon dioxide cooling. The analysis column
1s 0.25 mm Chrompack DB-1 60 m-length capillary column. The GC operation conditions are: (1)
initial temp.: —20°C (inlet liquid CO; controlled by GC-MS automatically); (2) 8°C /min temperature
rate to 200°C; (3) carry gas flow rate: 3mL/min; (4) split rate:1/10. The MSD analysis conditions were:(1)
range: 33-300 mass; (2) detector volts: 1.1 kV; (3) scan interval: 0.5 sec; (4) scan speed: 500.
(3) Wind field determination

Meteorological conditions especially in wind-speed and direction below 1000 m atmosphere
are favorable for O3 dispersion. Wind speed and direction at differential altitudes were determined
by pilot balloon and digital theodolite (World Z105-8). To keep the floating rate, the mass of Pilot
balloon is less than 100g. During floating, the degrees of balloon projection was measured every 20
seconds till the balloon disappeared. The data of wind speed and direction at differential altitudes
was determined by single-theodolite functions (see Fig. 12).

®

BN
Q R Filot balloon
®

Haorth
&

Iz=FscotHy
g
o
fy Ve
ty=Aeot Hy

- East
Frojection of single-theodolite method

U=721 2 L e =7 cot H;
Wo=Zocot Hysin Ay — 2 cot Hysin &
Wyp=Zacot Hocos Ay —Zq cot Hycos &
d=tan 1 (V,/V,) P'Q =V, fsin V=PQh
where U, W, L, and Z, are uprise speed, weight, buoyance, and height of balloan,
1 is the projection on the ground of halloon at point F, V, and Vy, are the projection

of wind speed on east and north, ¢ is the degree between Ve and Vo, P'Q" 13
the projection of PQ on the ground, and V iz mean wind speed.

Fig. 12. Schematic of the wind field measure apparatus at different altitude.

(4) Results of analysis
Four field measurements and chemical analyses had been conducted, two in the coastal area
(June 27-28, 2002 and August 1-2, 2002) and another two in mountain area (July 1-2, 2002 and
12



September 14-15, 2002). Each field measurement run needs two days because four sampling
positions in a run could not be conducted in a day, the distance between positions of at least 30 km
and the sampling period must be during high ozone concentration time (11:00~14:00). A set of two
sampling days must be sequential with similar weather conditions.

Fig. 13 shows the result of chromatograph by GC-MS. 73 hydrocarbons were identified, and
their name and the number (in red) of each compound are showed in Fig. 12 and Table 3. And the

real ambient concentration of each compound is from the result data divide by 15,000.
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Fig. 13. Chromatogram of air pollutant (HCs) separation obtained after collecting HCs in a
concentrator with Tenax-TA.

Table 3 Summary of the qualitative analysis

Paraffins:
[5] Iso-pentane
[7] Pentane
[15] 3-Methyl pentane
[17] Hexane
[23] 2- Methyl hexane
[24] Iso-heptane
[26] n-Heptane
[27] 2,4-Dimethyl hexene
[31] 2-Methyl heptane
[32] 2,4-Dimethyl pentane
[35] 2,4-Dimethyl hexane
[44] Nonane
[51] Undecane
[55] 4-Methyldecane
[59] iso-Dodecane
[60] 2,5-Dimethyl heptane
[65] Dodecane
[68] Dimethyl undecane
[71] Tridecane
[72] Tetramethyl hexane
[73] 6-Ethyl-2-methyl decane

Multi-function group:
[12] 2-Butenal
[13] 2-Methyl-5-hexen-3-ol
[20] Isopropyl formate
[45] Phenoxy ethane
[67] Methacryl anilide

Olefins:
[3] Butene
[8] 5-Acetoxy-1-pentene
[9] 2-Pentene
[10] 1,3-Pentadiene
[16] 1-Hexene
[18] 2-Methyl-1-pentene
[25] 1-Heptene
[34] 1-Octene
[39] 4-Methyl-1-hexene
[49] 6+(1-butenyl)-1,4-Cycloheptadiene
[53] 3,5,5-Trimethyl-1-hexene
[62] 2,4-Dodecadiene

Aromatics:

[21] Benzene

[30] Toluene
[40] Ethyl benzene
[41] p-Xylene
[43] o- and m-Xylene
[47] o-Ethyl toluene
[56] Isopropyl toluene

Alcohols:
[11] Cyclooctanol
[14] 2,2-Dimethyl-1-butanol
[29] 4- Methyl hexanol
[52] Ethylhexanol
[63] 2,4-Dimethyl-1-heptanol

Aldehydes and Ketone
[2] Acetaldehyde
[4] Furancarboxaldhyde
[6] Methyl ethyl ketone
[33] Hexanal
[36] 2-Furancarboxaldehyde
[46] Benzaldhyde
[48] Acetophenone
[54] 1-Phenyl-1-pentanone
Ether and Benzoztes:
[42] n-Butyl ether
[57] Methyl benzoate

Organic halides:
[1] Chloromethane
[38] Chlorobenzene
[61] n-Heptyl bromide
[66] 1,2,4-Trichloro benzene
[69] Tetrachloro benzene
[70] Tetrachloro benzene

Siloxanes:
[37] Dimethyl siloxane cyclictrimer
[50] Octamethyl cyclotetrasiloxane
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Spectrum Gases for standard curve in quantities are following standard gas of U.S. EPA
Method TO-14A Calibration Mix (RESTEK, cat.#34400) and Method TO-15 Ozone Precursor
Mixtures (RESTEK, cat.#34420). Standard curve was developed by the same process of real
ambient samples. The analysis results are an average of testing three times using the standard gases
concentrated into three Tenax TA columns, and then analyses by GC-MS under the same conditions. The
relative response factor, RRF of each compound was estimated based on the RRF of toluene (Figure 13)
and the real ambient concentration of each compound is from the result data divide by 15,000.
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Fig. 14. Chromatogram and RRF of the standard gases separation obtained after collecting HCs

in a concentrator with Tenax-TA . (a) TO-15 Ozone Precursor Mixtures (RESTEK, cat.#34420)
and (b) TO-14A Calibration Mixtures (RESTEK. cat.#34400).
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Fig. 16-19 show that the results of HC analysis based on RRF of Fig. 14 and toluene standard curve in Fig. 15. The results reveal that: (1)
alkanes and cyclo-alkanes are the richest VOC compounds in the lower atmosphere; (2) alkenes are the second, followed by organic halides, alcohols,
and aromatics; (3) there is some benzene, ethyl benzene, toluene and xylene. BETX obvious: (4) other VOC compounds are fewer in ambient air: (5)
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Fig. 16. Plot of concentration and compound distribution at different altitude at
(a) S1, (b) S2, (c) S3, and (d) S4, in the coastal area on June 27 and 28, 2002.
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Fig. 17. Plot of concentration and compound distribution in the different altitude at (a)
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Fig. 18. Plot of concentration and compound distribution in the different altitude (2) L1, (b) L2, (c) L3, and (d) L4, in Taichung Basin on September 14 and 15, 2002.
at (a) S1, (b) S2, (c) S3, and (d) S4, in the coastal area on August 1 and 2, 2002. ’ ’ ’ ’ ’

Fig. 20, 23, 26, and 29 show that the results of Oz, NO, NO,, and HC in the field measurement. The ozone concentration distributions and surface
wind field on same time of the sampling days are plotted in Fig 21, 22, 24, 25, 27, 28, 30, and 31. There are two types of ozone event day: (1) the
wind blew out of the basin, and ozone concentration decreased with wind direction (Fig. 24, July 1, 2002) and (2) the wind blew into the basin, and

ozone concentration increased with wind direction (Fig. 28, August 2, 2002).
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Fig. 23. Concentration distribution of O3, NO, NO, and HC and
wind field, in the Taichung Basin at July 1 and 2, 2002.
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Ozone concentration
distribution and wind
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2002 at (a) 11: 00, (b)
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14: 00, (e) 15: 00.

Fig. 26. Concentration distribution of O3, NO, NO, and HC and
wind field, in the coastal area on August 1 and 2, 2002.
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Fig. 29. Concentration distribution of O3, NO, NO; and HC and
wind field, in the Taichung Basin on September 14 and 15, 2002.
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Fig. 23 and 24 indicate that July 1 was an ozone event day. In summary: (1) ozone forms
quickly on the southeast basin, and kept high concentration for 2~3 hours; (2) high ozone
concentration is due to the transformation by southeast wind; (3) a decreasing gradient of ozone
concentration from mountain to sea exists, and the decreasing direction is different from surface
wind direction.

August 2 was an anther ozone event day (see Fig. 26 and 28). The day the air quality are: (1)
the high ozone concentration starts from 11:00; (2) the ozone concentration in the coastal is low; (3)
the high ozone concentration in the east of the basin is due to the basin effect which causes changes
the surface wind; and (4) in the evening, the descend rate of ozone in the coastal area is lower
because ozone blows into the coastal area; (5) the decreasing direction of the ozone concentration is
also different from surface wind direction.

There is no altitude gradient of the pollutant concentration in most position can be seen from
Fig 20, 23, 26, and 29, but exist horizontal gradient obviously. The concentrations of HC increases
with altitude exist in L3 (in the basin, see Fig. 3) and S3 (in the coastal area, see Fig. 3) from the
two field measurements. The reason of L3 HC various is due to the basin effect caused by
topographer and surface wind field. And the reason for S3 is the HC emission from big oil tank in
Taichang Port and Taichang Power Plant. So the basin effect!''!] a geological barrier tend to have
stagnating air conditions, and industrial are the important contributions for altitude gradient of the
pollutant concentration.

(5) Box-whisker plots of the data

In order to compare the air quality of coastal area to basin area, Fig. 32 and 33 field
measurements of the variability of air pollution at different altitudes were plotted. The results
reveal: (1) the average of ozone concentration in the basin is always higher than the coastal area; (2)
the variability of ozone concentration in basin is more obvious than coastal area (Fig. 32 (a) and 32
(a)); (3) the variability of NO and NO, concentrations in basin is similar to the variability of ozone
(Figure 31(b), (c) and 32(b),(c)); (4) the average of NO and NO, concentrations are also higher in
the basin; (5) the concentration of HC increases with altitude in the coastal area (Fig. 33 (d)), but
the phenomenon in basin is not the same; (6) the average of HC concentrations at all altitudes in
basin are lower than the coastal area except one at the ground; (7) the concentration of ozone
increases with altitude in the basin area.
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Fig. 34 and 35 based on field measurements of the variability of HC concentration at different
altitudes. It helps to compare the differences of the two areas. To compare the variability of organic
compounds at different altitudes of the coastal area to the basin area, the results reveal: (1) the
average of paraffins and olefins concentration in the coastal area are always increasing with altitude
(Fig. 35 (a), (b)), but it is quite different in the basin (Fig. 34 (a), (b)); (2) the concentrations of
organic halides at all altitudes are relatively low in both areas (Fig. 34 (c) and 35(c ); (3) the
variability of organic halides at 300m in the coastal area is little obvious; (4) the concentration of
aromatics are relatively low and stable in basin area(Fig. 34(d)); (5) the concentration of aromatics
are relatively low but various with altitudes in coastal area(Fig. 35 (d)); (6) the concentration of
organic oxides are all low than 250 ppb in both areas (Fig. 34 (e) and 35 (e)), but variations at 300
m is obvious; (7) the concentration of other organics are all low than 200 ppb in both areas, and it is

little higher in the basin area.
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In summary: (1) the average of O3, NO, and NO, concentration in the basin is always higher
than coastal area, and the variability with altitudes are obvious; (2) the concentration of HC
increases with altitude in the coastal area, but the phenomenon in basin is different, and the of HC
concentrations at all altitudes in the coastal area are higher except at the ground; (3) the average of
paraffin and olefins concentration in the coastal area are always minimally increasing with altitude,
but it is different in the basin; (4) the concentration of organic halides, aromatics, organic oxides
and others organics are all low in both areas, and variability is obvious in the coastal area.
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(6) Case study
Consider a steady state and one dimensional atmospheric transport equation for ozone, the
equation (2) be changed to

u;[03]; —u; 4[03];

Axi «i—1
There are two types of ozone transformation (see Fig. 21-31): (1) when the wind blew into the
basin, and ozone concentration increased with wind direction; (2) when the wind blew out of the

basin, and ozone concentration decreased with wind direction. Using the data of wind field and
ozone concentration on Jun 28 and July 1 at 12:00-14:00 to set up 4 lines parallel with wind

u[05]; —u4[Os]4
Ax.

i<—1

=R-L[Os]; 4)

direction (be seen in Fig. 36 (a)-(d)). Plotting against [O5]; the slop of

such a plot is—L and the intercept R. The data and results all be listed in Table 4. Table 4 reveals that:
(1) when the wind blew out of basin, the values of R and L change from positive (12:00) to negative
(14:00). The result just the same to Table 2, which is ozone concentration decreased with wind
direction after 14:00; (2) when the wind blew into the basin, the value of R and L are negative
values at 12:00, but at 14:00 R changed to more large value (because of ozone descend) and L to
positive value (—L[Os] changed to descend item). (3) In summary the ozone concentration does not
dependent on just wind direction, topography and surrounding conditions are more important.
;fﬂ SRR A . ' _  '_-"r ".l\i

-

el
uy
XN TN~ 77~ S
s o ¥ dat i A
o e

>

T

R,

SR

gk
e

.'\I Vi

and ‘o‘éolhe contour in the Taichung are.a. (a) 12:00, j{lljléLZ& 2002, ()
12:00, July 1, 2002, (c) 14:00, June 28, 2002, (d) 14:00, July 1, 2002.

=]

i-g.' 36 Wind trajectory

Table 4 The data of two lines of Fig. 36 to calculate R and L values
Point-1 Point-2 Point-3 Point-4 Point-5 Point-6 Point-7 Point-8 Point-9

[Os] u [Os] u [O3] u [Os] u [O3] u [03] wu [O3] u [O3] u [Os] u R L

Surface wind blew into the basin at 12:00, June 28, 2002
48 6120 58 6840 67 9180 77 9360 86 9180 91 8820 92 7200 101 8280 106 8280 109.622 0.913
Ax15:=3284 m, Ax,3=2512 m, Axz,4=1932 m. Axy,5=2512 m, Axs,6=3478 m, Axg,7=3284 m. Ax7,6=2125 m, Axg,0=2318 m

Surface wind blew out of the basin at 12:00, July 1, 2002

167 7380 156 8280 150 10080 144 11520 132 12960 121 13140 10912960 92 12240 75 11520 —-202.561-1.621
Ax157=4250 m, Axy53=3090 m, Axz3(,4=2473 m. Ax4,5=2705 m, Axs,=3864 m, Axg,7=3980 m. Axy7,s=4753 m, Axg,=4250 m
Surface wind blew into the basin at 14:00, June 28, 2002

58 6900 65 6650 73 6480 86 7410 102 7410 115 7880 123 7880 131 9500 136 9970 -52.083 —0.968
Ax15=3719 m, Axy;3=2819 m, Axz,4=3054 m. Axy,5=2936 m, Axs,=3602 m, Axg,7=2036 m. Ax7,s=1957 m, Axg,=1957 m
Surface wind blew out of the basin at 14:00, July 1, 2002

240 15120 21114760 163 14500 144 14400 125 14050 106 13680 96 13500 86 12960 58 12600 -76.411 0.244
Ax15,=4064 m, Axy3=3861 m, Axz3,4=5690 m. Axy,s=2845 m, Axs,=4268 m, Axs,7=2439 m. Ax7,s=2032 m, Axg,=2642 m

The unit of [Os], u, R, and L are pg/m’, m/hr, pg/m’-hr, and 1/hr.
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6 A statistical model
A purely statistical model, multiple regression equation, was developed. This equation
depends on m number of xi, x2, x3...x,, as follows:
y=a,+ax +a,x,+--+a,x, (5)
If given n sets of data, then Eq.(5) trans to: If given n sets of data, then Eq.(5) trans to:

y,=a,tax;+a,x, +--+a,x,. (6)
It written in the matrix form, Eq.(6) is
Y =Xa (7)
N Loxy xy Xy o,
Va Loxy xpn X, %
wherey — s b X = Xj3 Xy Xz | 0 =|a, therefore
_yn_ _1 xln x2n 'xmn_ _am_
o =(X"X)"'(X"Y) (8)

And find m+1 coefficients, o, o, a,, 0;...a,, by using Eq.(7). Finally, an equation (Eq.(9))
was developed, this equation depends on radiation, humidity, concentration of NO, NO,, paraffin,
olefins, aromatics, organics organic halides, and others.

[O5]=77.6 +17.994[Radiation] — 6.408[Humidity - 2.703[NO]+1.752[NO, ]
—4.22x107[Paraffins] —1.01x 10 ?[Olefins] —9.45x 10~>[ Aromatics] )
—8.147x1073[Organicoxides]—1.56 x 1072 [Organichalides]—9.96 x 1073 [Others]

The unit of radiation, humidity, and concentration of each pollutant are MJ/m?, g/m’, and ppb.
The importance of radiation and humidity is the highest of the variables. A similar result had been
discussed by Jeffries and Crouse!*" >,

7 Laboratory experiments

To investigate the basic formation and descend of ozone with the diagnostic relative humidity,
solar radiation and HC, an experimental arrangement for photochemical reaction was applied (as
shown in Fig. 37). The photochemical reactor is a 150 L square (60x60x50 cm’) 5 mm-glass
chamber, surroundings were covered by mirror-like thin slice of stainless steel to enhance lights
reflection, the bottom was on a black rubber pad and the top side is the source of solar energy. The
solar source were six independent 300~400 nm (365 respected) 90 pW\cm” UV-lights (EAST ASIA,
FL 20BL/18W). The experiment conditions were (1) the glass chamber was full of pure air gas from
container; (2) all monitors were warmed up for at least two hours, then spanned and calibrated using
standard gas;(3) NOx and O3 were mixing in quantity in the chamber; (4) injected selected HC and
moisture via the injection pore; moisture needed to evaporate completely; (5) all the equipment was
connected via Teflon tubes and three way valves in a cycle, so the experiment run and data
collection were continuous, all data was treated by Data Acquisition System.

(1) Effect of HC variables

The effects of toluene, iso-octane, and pentene on the formation and descend of ozone were
approached. Fig. 38 (a)~(c) shows that pentene is more active than toluene and isooctane in the
photochemical reaction. The concentration of ozone decreases with decreasing toluene obviously,
but a decrease with decreasing octane is not obvious. Even NO turns to NO; rapidly in the reaction
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and the concentration of NO; also decreases in the reaction. It is summarized that different kinds of
HC make different descend coefficients.

Covet plate

Fig. 37. Experimental apparatus for examining ozone reaction to various parameter (in neighbor university.)
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(2). Effect of NO initial concentration

The concentration of ozone decreases with differential NO initial concentrations ([NO],) is
not obvious (see Fig. 39), the decreasing trends are similar. But it is generally known that NO is a
precursor for ozone, therefore, higher ([NO],) makes the decreasing trend slower.

(3). Effect of humidity
The most effective ozone descent is humidity, with reference to the following reaction: O3
+H,0—H,0,+0,. Figure 39(a) shows that injecting a little moisture makes ozone descend obvious
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at lower ozone initial concentration ([O3],<47%2 ppb), but at higher ozone initial concentration the
descend trend with increasing moisture become steeper (see Figure 39(b), (c)). And the ozone
descent rate increases with increasing moisture amount.

50
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Fig. 39. Ozone concentration vs. reactlon time at different nitric oxide initial concentratlog under
the conditions: humidity 14.7 g/m’, temperature 28+1°C, and solar radiation 125+2 pW/cm®.
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Fig. 41 shows that the variation with time of differential ozone concentration ratio ([O3]/[O3],)
on absolutely humidity %7=14.7 g/m’ .The red circle line indicates that ozone descend is the worst at
the highest ozone initial concentration [O3],=185 ppb or the highest ratio [O3]/[O3],. Ozone descend
decreases with increasing ozone initial concentration at the same absolutely humidity, because of
the volume effect on normal atmosphere, high ozone initial concentration needs more time to react
with moisture and other compounds.

It is summarized that ozone concentration decreases with decreasing [HC] and [NOx], but

decreases with increasing moisture more obviously. Ozone descent rate decreases with increasing
ozone initial concentration.
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Fig. 41. [O3])/[O3], vs. reaction time with different ozone, initial concentration under conditions: humidity 14.7
g/m’, temperature 28+1°C, solar radiation 1252 pW/cm?, and toluene initial concentration 5+0.2 ppm.

(4) Kinetic investigation
The photochemical reaction kinetics and reaction rate based on above experimental data were
developed. Assuming the concentration of all precursors remains unchanged, the rate equation is''*

d[O
[dt3] = ~Kobserved 03] (10)
which on integration gives
n [04] = Kobserved "t (11)
3

where kypservea 18 Observed rate constant, which is done by plotting the time against the ozone
concentration as shown in Fig. 42. The slope of such a plot is k,pserveq. If all reactants reacted with

0zone, kypserved CAN Write to
N

Kopservea = > k;[Parameter]; =k~ + k4 (12)
N-1 i=1
wherek~ = Zk ;[Parameter] ; ky is the rate constant of ozone reaction with moisture. It is done
by plotting 7l[_aga1nst kobgmed as shown in Fig. 43. The slope of such a plot is kz=1. 08><10 and the
intercept k =2.07x1072 . However, kypservea Was obtained from this experiment and k varies with
reaction conditions. Thus the rate equation becomes

d[O * _
M:—(k +1.08x107> 91)[O5] (13)
dt .
[03]1=[05], exp[—(k" +1.08x107> 77) (] (14)
2.6 - p X 0.050
L Symbol H(gim?) § - -
2.4 fp 2ol FEWD) T Copserves) F Fopserned=2075107 + 108107 #
e 0 0.0216
12F = 10.0 0.0296 0.045 |
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Fig. 42. Determination of observed rate constant Fig. 42. Plot of kobserved Vs. 5 from
(kobserved) Tor ozone at different humidity. 27 which k" and ky; were calculated.



The unit of ozone concentration, # and ¢ are ppb, g/m’ and minute. It is profiled from
Eq.(13-14) that the ozone concentration decreases with moisture. Otherwise the # is always blgger
than 14.5 g/m’ (the relative humldlty at about 60%) in Taiwan weather type, so the value of kK
almost the same to 1.08x107°# The effect of moisture can be certified. The ways to rich moisture
are planting, making wetlands, and keeping forest, etc.

8 Conclusion

1.The relative importance coefficients r,, of relatively humidity is the highest base on air quality
monitoring station monthly and annual data analysis during daytime, and solar energy is the
second. Increasing humidity of atmosphere makes ozone concentration decrease efficiently.
During nighttime, ozone still reacts with moisture, HC, NO, and NO, with the relative
importance coefficients r,, of NO the highest, and relative humidity is the second.

2.Research over the past two years on ozone event days; (1) high ozone concentration appeared
from 11:00; (2) wind field changed with basin effect, so ozone concentration stayed high in the
east of the basin; (3) although on the ozone event days, ozone concentration is relatively lower in
the coastal area because of high relative humidity; (4) ozone descend rate slows down in the
evening in the lower-wind of the coastal area because of continuous ozone transport; (5) the
concentration of ozone and other air pollutants increases with altitude, normally the highest at
300~500m.

3.The formation rate (R) and descend rate constant (L) of the ozone event day were obtained. The
values of R and L change from positive to negative before 14:00. The values of R and L are lower
at 14:00~15:00 due to the photochemical smog formation. And another lower R and L value after
16:00 may be due to ozone reaction with particle or moisture.

4.The results of field measurements reveal that 73 HC compounds exist at altitudes in the lower
atmosphere, there are 26 compounds of alkanes, 12 compounds of alkenes, 6 compounds of
aromatics, 6 compounds of organic halides, 8 compounds of aldehydes and ketones, 5
compounds of alcohols, 2 compounds of ether and benzoates, and 7 compounds of others. The
low molecular weight HC always exist at lower altitudes, and the high molecular weight HC exist
at higher altitudes.

5.The results also show that: (1) [Os], [NO], and [NO;] in the basin are not only higher than in the
coastal area, but also their variability of concentration are large, (2) THC, paraftins, and olefins in
the coastal area are higher than in the basin, and the concentrations increase with increasing
altitude in the coastal area, but in the basin is decreasing, (3) the average concentration of halides,
aromatics, oxides, and others are similar in both area, but concentration variability in the coastal
area is obvious.

6. Two types of O3 transformation was investigated, the phenomenon indicts that: (1) when wind
blew into the basin, [Os] increased with wind direction. The value of R and L change from
positive (12:00) to negative (14:00); (2) when wind blew out of the basin, [O3] decreased with
wind direction. The more small value of R (-202.561) and L (—1.621) appeared at 12:00 earlier.
But the value of R and L will become bigger to —76.411 and 0.244; (3) ozone concentration does
not dependent on just wind direction., topography and surrounding conditions are more important
effect.

7.The experiment results indicate that the formation and descend of ozone were effected by different
kinds of HC. The concentration of ozone decreases with different initial NO concentration ([NO],)
is not obvious, but higher ([NO],) makes the decreasing trend slow down.
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8.0zone concentration decreases with decreasing [HC] and [NOx], but decreases with increasing
moisture more obviously. And the ozone descend rate decreases with increasing ozone initial
concentration.

9. Eq. (9) and (14) can help us to understand the mechanism of ozone formation and transformation.
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