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Abstract

Mass size distributions of atmospheric particles in Cheonan were determined using a high volume air
sampler equipped with a 5-stage cascade impactor. Bimodal distributions that are typical for urban
atmospheric particles were obtained. A MMD of the fine particle mode was 0.47 +0.05 um with a GSD of
2.721£0.21, and those of the coarse particles were 5.1540.18 um and 2,09 £0.09, respectively. The annual
average concentrations of TSP, PM10, PM2.5, and PM1 were 74.1, 67.5, 54.2, and 42.3 ug/m’, respectively.
Although the daily PM10 concentrations were under the current National Standard, the daily PM2.5
concentrations frequently exceeded the US Standard even in non asian dust periods. The fractions of PM10,
PM2.5, and PMI in TSP were 0.905+0.013, 0.723%0.022, and 0.5721:0.029, respectively, and fine mode
particles occupied 57~72% of the total particle mass. The results indicate that fine particles were at the
concerning level, and should be the target pollutant for the regional air quality strategy in Cheonan.
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1. INTRODUCTION

Particles are emitted to the atmosphere by both
natural sources, such as wind-borne dust, sea spray,
and volcanic eruptions, and anthropogenic activiti-
es, such as the combustion of fuels. In addition, the
chemical processes such as the oxidation and con-
densation of a number of gaseous compounds can
lead to the formation of the particulate products.
Once emitted or formed in the atmosphere, particles
undergo several physical and chemical processes
including condensation, coagulation, and deposit-
ion. Thus, particles in the atmosphere can change
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their size and composition, and the residence times
of particles vary only from a few days to a few
weeks. As a result, atmospheric particles lie in wide
size ranges, from a few nanometer to around 100
um in diameter. Generally, atmospheric particles
are described as a trimodal distribution consisting of
a nuclei mode by gas-to-particle conversion; an
accumulation mode by condensational growth and
coagulation of the nuclei mode; and a coarse mode
by direct mechanical generation at the Earth’s sur-
face. However, atmospheric particles show a bimo-
dal distribution based on the mass concentration,
since the mass of particles in a nuclei mode is neg-
ligible. A fine mode is being used to indicate both
nuclei and accumulation modes. The boundary se-

_parating fine and coarse modes is not precise, but

lies approximately between 1~2.5 um in particle
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diameter (Seinfeld and Pandis, 1998). Since many
researchers mentioned the effect of particle size on
human health, the determination of particle size dis-
tribution is a basic element in characterizing atmos-
pheric particles.

Recent epidemiological studies have indicated
that fine particles have the greater impacts on hu-
man health than coarse particles (Spengler et al.,
1990), and the regulations on particles have been
changed to focus on fine particles. The US EPA has
strengthened not only PM10 (particles less than 10
um in diameter), but also PM2.5 regulations. Future
legislative intentions are expected to be more focus-
ing on fine particles, PM2.5 and even PM1. There-
fore, the determination of particle size distribution
focusing on fine particles is essential to set up the
air quality strategy. Currently, Korea has only
PM10 regulation, and National Air Quality Moni-
toring Stations measure only PM10 concentrations
for atmospheric particles. There have been some
studies on atmospheric fine particles in Korea (Park
and Kim, 2005; Park and Kim, 2004; Kim et al.,
2003). However, most of these studies focused on
the metropolitan areas, and measured only PM2.5
concentrations. Thus, relatively little data are avail-
able on concentrations, trends and size fractions of
fine particles. The purpose of this study is to charac-
terize the size distributions of atmospheric particles
in Cheonan, Korea. The results of this study will
provide the data concerning trends and concentra-
tions of atmospheric fine particles for the urban
areas representing typical mid-size cities in Korea.

2. EXPERIMENTAL METHODS

Mass size distributions of atmospheric particles in
Cheonan were determined using the measured data
for two years between January 2003 and December
2004. Cheonan is a mid-size city with about 500
thousand people, located on the northeast of Chung-
nam. The sampling site was located on the rooftop
of the Administration Building in Sangmyung Uni-
versity, about 1,000 m away from a heavy traffic
highway. A high volume air sampler (Andersen, GV
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2360) equipped with a 5-stage cascade impactor
(Andersen, Model 235) was used for the sampling.
The aerodynamic cutoff diameters of the five im-
pactor stages were 7.2, 3.0, 1.5, 0.95, and 0.45 ym,
respectively. Ambient air containing atmospheric
particles were sampled for 24 hrs, at a flow rate of
1.16 m*/min. Particles were collected on a glass
fiber filter (Andersen, SAC 230-GF) at each stage
of the impactor, and the filter samples were weigh-
ed with an electronic balance (Sartorius, Model
CP225D) before and after sampling. The electronic
balance has 0.01 mg accuracy. Filters were equili-
brated in the desiccator for 24 hrs prior to weighing.
Total 74 samplings were conducted in the study.

3. RESULTS AND DISCUSSION

3.1 Mass size distributions of the particles

The mass size distributions of atmospheric parti-
cles in Cheonan were characterized based on 74
sampling data. Most sampling data (68 out of the
total 74) showed the bimodal distribution with a
saddle point in 1.5~3.0 um range in diameter se-
parating coarse and fine particle modes. A typical
size distribution of atmospheric particles obtained in
this study is shown in Figure 1. As shown in Figure
1, two peaks for the normalized mass concentrations
lie at 0.45~ 1.5 um and 3.0~7.2 um in particle di-
ameter. A bimodal distribution is typical for most
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Fig. 1. A typical mass size distribution of atmospheric
particles measured in Cheonan.
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urban atmospheric particles, since the fine mode
particles are generally produced by coagulations
and photochemical reactions of combustion pro-
ducts from anthropogenic sources such as automo-
biles and boilers. Thus, atmospheric particles in
Cheonan can be described as urban aerosols. Alth-
ough, the total mass size distribution is not lognor-
mal, each mode can be fitted to a lognormal distri-
bution and the statistical values for each mode are
used to represent the characteristics of size distribu-
tions. Mass median diameter (MMD) and geometric
standard deviation (GSD) of the each particle mode
were obtained from a log-probability plot. In a log-
probability plot, diameters corresponding 50% and
84% cumulative mass were located. MMD is the
diameter of 50% cumulative mass, and GSD is the
ratio of diameters corresponding 84% and 50% cu-
mulative mass (dgyq/dses). A MMD of the fine par-
ticle mode was 0.47+0.05 um with a GSD of 2.72
+0.21, and those of the coarse particles were 5.15
+0.18 um and 2.09 £0.09, respectively. Error limits
represent 95% confidence intervals. Seasonal varia-
tions in MMDs and GSDs were not obvious and
within the error limits. Detailed values of MMDs
and GSDs are listed in Table 1.

3.2 Mass concentration and size-segregated
fraction of the particles
The mass concentrations of TSP, PM10, PM2.5,
and PM1 were estimated from the size distribution

Table 1. MMDs and GSDs of atmospheric particles in

Cheonan.
S No. of Fine mode Coarse mode
€ason .
samplings  MMD (um) GSD MMD (um) GSD
. 044 291 524 211
Spring 21 +008% +044 4029 4007
046 269 504 221
Summer 18 £0.11 4043 4045 +029
039 276 521 207
Fall 12 £011 4062 +039 +0.19
. 058 251 511 1.96
Winter 17 4£0.10 +0.31  +041 +0.14
047 272 515 209
Annual 08 +005 4021 4018 +0.09

*Errors represent 95% confidence intervals.

data. The TSP concentration was calculated by
summing the particle mass of all stages, and the
PM10, PM2.5, PM1 concentrations were estimated
assuming the even distribution within the size in-
tervals of each stages. The annual average concen-
trations of TSP, PM10, PM2.5, and PM1 were 74.1,
67.5, 54.2, and 42.3 ug/m°, respectively, and the
annual average PM10 concentration were below the
National Annual Average Standard (80 ug/m®). The
highest mass concentration for all size-segregated
fraction of particles was observed in spring due to
asian dust event. Seasonal values of TSP, PM10,
PM2.5, and PM1 concentrations are listed in Table
2. In the asian dust period, the daily average PM10
concentration was over 200 ug/m*, and exceeded the
National Daily Average Standard (150 ug/m®). Ex-
cept this period, all the measured daily average PM
10 concentration was below the National Standard.
This result shows that ambient air quality due to
particles in Cheonan satisfies the current National
Standard excluding asian dust periods. However,
even in non asian dust periods, the daily average
PM2.5 concentration frequently exceeded the cur-
rent US Standard, 65 ug/m°. Daily average PM2.5
concentrations for 18 days out of 70 sampling days
(25.7%) were higher than the US Standard. The
distributions of PM10 and PM2.5 concentrations are
shown in Figure 2. The most frequent concentra-
tions of PM10 and PM2.5 were at 50 ~75 ug/m?
and 25~ 50 ng/m’, respectively.

Table 2. Mass concentrations of TSP, PM10, PM2.5, and
PM1 in Cheonan. (unit: pg/m®)

Season Spring Summer Fall Winter Annual

Average  105.0 580 469 73.8 74.1
TSP Highest 2465 1452 1014 1812 2465
Lowest 31.4 4.8 9.3 18.0 4.8

Average 96.2 532 436 65.3 67.5

PM10 Highest 2358 1392 93.0 1603 2358
Lowest 29.4 4.7 8.0 16.8 4.7
Average 78.7 443 362 47.5 542

PM2.5 Highest 207.0 1265 782 110.1 207.0

Lowest 24.0 4.2 5.7 13.3 42

Average 61.7 349 310 34.1 423
PM1  Highest 1843 1210 673 714 1843
Lowest 17.2 3.8 47 11.4 3.8
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Fig. 2. Distributions of the particle mass concentrations.
(a) PM10, (b) PM2.5.

Using the estimated concentrations of TSP, PM
10, PM2.5, and PM1, the concentration fractions of
each size particles were calculated. The fractions of
PM10, PM2.5, and PM1 in TSP were 0.905+0.013,
0.7234+0.022, and 0.572 +0.029, respectively. Con-
sidering that the boundary separating fine and co-
arse mode particles is between 1~2.5 um in diame-
ter, fine mode particles were more abundant than
coarse particles. Fine mode particles occupied 57 ~
72% of the total particle mass. The results show that
atmospheric particles in Cheonan was mainly fine
mode particles from anthropogenic sources. Despite
the fact that the air quality for atmospheric particles
satisfied the National regulations, fine particles
were at the concerning level, and should be the tar-
get pollutant for the regional air quality control stra-
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tegy in this area. In addition, the value of PM2.5/
PM10 was 0.796+0.016, and this can be used as an
index for estimating PM2.5 based on the available
PM10 data.

4. CONCLUSIONS

Physical characteristics of atmospheric particles
in Cheonan were investigated. Mass size distribu-
tions were biomdal with a saddle point in the 1.5~
3.0 um range, representing urban atmospheric parti-
cles. Fine mode particles occupied 57 ~72% of the
total particle mass, and 25.7% of the measured daily
PM2.5 concentrations were above the current US
standard. These results indicate that fine particles
are the major concerning air pollutants in Cheonan.
Thus, further studies such as chemical analyses and
source profiles of particles are needed to set up the
effective air quality control strategy.
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