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1. Executive Summary

Atmospheric Aerosols and their Impact on UV Radiation in the Northeast Asia
Introduction

Atmospheric aerosol particles influence the Earth’s radiation balance directly by
‘scattering and absorbing incoming solar radiation fluxes. Secondly, it can also affect
the global climate indirectly by modifying the properties of clouds through microphysical
processes and by altering abundance of radiatively important gases through
heterogeneous chemistry. The radiative forcing by anthropogenic aerosol particles due
to the combined effects is estimated to be in the range between -0.4 and 3.0 w/m?
on a global scale (IPCC, 1995). There is however a substantial uncertainty in the
magnitude and spatial distribution of the radiative forcing by aerosols. This uncertainty
significantly limits our ability to assess the effect of natural and human induced
changes in the chemistry of the atmosphere on global climate. With the above-
mentioned limitation there exists need for comprehensive monitoring of changes in
global atmospheric aerosol loading. ’

The growing evidence of global depletion of stratospheric ozone has emphasized
the importance of monitoring terrestrial ultraviolet radiation. UV radiation affects many
chemical and biological processes. Any increase in the UV radiation intensity is of great
concern because of its potential adverse effects on the biosphere, tropospheric air
quality and materials such as wood and polymers. Therefore, there is also need for
characterizing atmospheric aerosols and their impact on UV radiation in the Northeast
Asia through international collaboration.

Objectives of the project

The objectives of this research project includes
* to determine the physical, chemical, and radiative properties of atmospheric
aerosol in the Northeast Asia.
e to monitor the variation of UV radiation in the Northeast Asia.
» to investigate the atmospheric aerosols’ impact on UV radiation in the Northeast
Asia.



e to provide useful data for characterizing changes in atmospheric compositions
in the Northeast Asia.

Outline of activities conducted

(i) Chemical properties of aerosols over the Northeast Asia:
Aerosol samples were collected with PM,s and MOUDI (Micro-Orifice Uniform
Deposition Impactor) samplers at Kwangju, Beijing, and Kyoto. Three intensive
samplings were conducted in August, November 2000, and January 2001,
respectively. The method of ion chromatography and carbon analysis was used
to determine the chemical properties of the atmospheric aerosol.

(i) Physical and optical properties of aerosols:
Using nephelometer, aethalometer and MOUDI, the scattering and absorption
coefficients as well as size distribution of atmospheric aerosols were
characterized at Kwangju and Kyoto.

(i) Radiative properties over the Northeast Asia region:
Using Rotation Shadow band Radiometer (RSR) and a Multi-Filter Rotating
Shadow band Radiometer (MFRSR) at Kwangju, aerosol optical depth (AOD)
was determined in order to investigate the changes in atmospheric aerosol
loading. RSR measurement was performed at four sites in the Northeast Asia ;
Kwangju, Beijing, Kyoto and Ulaanbaatar.

(iv) UV radiation:
Changes in surface UV radiation was monitored intensively by UV-B radiometers
at Kwangju, Beijing, Kyoto and Ulanbaartaar. Measured aerosol and UV data
were analyzed to characterize the atmospheric aerosols’ impact on UV radiation

and to provide information on atmospheric compositions changes in the region.



Measurement

Measurements parameters at each monitoring station are summarized in Table 1.1.

Table 1.1 Measured parameters at four monitoring stations.

Continuous Monitoring Intensive Aerosol Sampling
Ft 2nd 3rd
Site 14. Aug. 30. Oct. 14. Jan.
RSR uv-B ~ ~ ~
21.Aug. | 6. Nov. 21. Jan.
2000 2000 2001
Kwangju,
Korea | Mar. 2000
Apr. 2000 ~
Lat.35°13'N, ~
Long.126°53'E PM 25
Kyoto, PM 25 PM 2.5 URG
Japan Mar. 2000 URG URG Cyclone
Oct. 2000 ~
Lat.34° 78’ N, ~ Cyclone Cyclone Sampler,
Long.135° 85'E ‘ Sampler | Sampler
Beijing, MOUDI
China Aug. 2000
Lat39° 52’ N, ~
Long.123° 53'E
Ulaanbaatar
Mongolia
Oct. 2000 ~ | Oct. 2000 ~
Lat.47°55'N,
Long.106° 55'E

Future Works

We are currently participating in the ACE-Asia (Aerosol Characterization

Experiment) program, which is one of the activities of the International Global



Atmospheric Chemistry of IGBP (International Geo-sphere-Biosphere Program). This
APN project has provided régional scientists the opportunity of collaborating with ACE-
Asia activities. The APN program will be of great benefit and exposure to the ACE-Asia
program through data exchange and scientific collaboration. Since atmospheric change
monitoring requires long-term data accumulation and analysis funding support for

" continuation of the activities will be actively sought in the future.



2. INTRODUCTION



2. Introduction

Atmospheric aerosol is a significant source of direct and indirect global climate
forcing. There is a natural aerosol component consisting mostly of soil dust, sea salt,
biogenic sulfates, and organic matter that is geographically and seasonally variable. It
‘plays a fundamental role in cloud formation processes, and also makes a small-
amplitude direct radiative forcing contribution (Lacis and Mishchenko, 1995).

There are two major sources of atmospheric aerosols: widespread surface sources
and spatial sources. Widespread surface sources implied the sources at the base of
the atmospheric volume (e.g., oceans and deserts) while spatial sources refer to those
within the atmospheric volume (e.g., gas to particle conversion and clouds). Additional
point sources, such as volcanoes, are globally important in their influence on the
stratosphere. Otherwise, due to short tropospheric residence times, aerosols from point
sources affect mainly regional and local scales (Jaenicke, 1993).

Northeast Asia is an important source region of all major tropospheric aerosols.
The fast economic developrﬁent, the large area of desert, and the intensive forest and
agriculture fires in this region contribute to 1/4 to 1/3 of global emissions of SO,,
organic matter, soot, and dust. Northeast Asian aerosols are probably always a mixture
of multiple components. For example, mineral dust transported out from the desert can
travel over major pollution regions where it can be coated and mixed with sulfate and
organic aerosols. It can be further mixed with sea salt particles off the coast. Long-
range transport of anthropogenic acidic aerosol and organic aerosol has great impacts
on not only regional air quality but also regional climate through radiative balance

change.



Visibility impairment, one of the most obvious indications of air pollution, results
from light extinction by atmospheric particles and gases. The effects of poliution on
light scattering and absorption are particularly strong in urban and industrial air basins
than in rural area. Anthropogenic emissions leading to atmospheric aerosols which
have been synonymous of modern industrial and technological development, have
been implicated in human health effects; visibility reduction, acid deposition and in
altering the Earth’ radiation balance (Dockery and Pope, 1994; Turpin et al., 1991,
Dockery et al., 1992). Many of the recent studies have indicated that among all the
pollutants present in a typical urban environment airborne particulate matter,
specifically fine particles are the main contributor to visibility degradation (Gray et al.,
1998; Countess et al., 1980).

It has been recent years that fine airborne particulate matters in the visibility
impairment have begun to receive attention in Korea. Visibility impairment in an urban
atmosphere is greatly affected by ambient particulate substances: sulfates, nitrates,
organics, elemental carbon, and soil dust. The determination of the contribution of
‘different emission sources to the total light extinction is of Qreat importance in visual air
quality control.

Visibility impairment is primarily due to the interaction of light with particles in the
atmosphere; gaseous pollutants usually play a small role. Particles interact with light by
two important mechanisms: They can absorb light, and they can scatter light in a
direction different from that of the incident light (Friedlander S.K., 1977). The
magnitude of these effects depends on diverse factors, the most important of which are
the size and composition of the particles and the wavelength of the incident light.

Despite the diversity of these physical phenomena, a variety of available techniques



make it possible to characterize the optical properties of the atmosphere and to identify
and quantify the pollutants that can affect visibility degradation.

The extinction coefficient, beq, is an important measure of atmospheric
transparency and is the measure most directly related to the composition of the
atmosphere. It is a measure of the fraction of light energy dE lost from a collimated
beam of energy E in traversing a unit thickness of atmosphere dx: dE = -be Edx. The
extinction coefficient has dimensions of inverse length (e.g., Mm™). The extinction

coefficient comprises four additive components:

bL’X’ = b

scat

+b,. =b

Ray

+b,+b, +b,, (1-1)

where bgay is light scattering by gas molecules. Gas scattering is almost entirely
attributable to oxygen and nitrogen molecules in the air and often is referred to as
natural “blue-sky” scatter. It is obviously unaffected by pollutant gases and is 12 Mm™'
at the wavelength of 550nm at sea level. by, is light scattering by particles. This
scattering usually is dominated by fine particles, because particles at the size range of
0.1~1.0um have the greatest scattering efficiency. Many pollutant airborne particles are
in this size range. by, is light absorption by gases. Nitrogen dioxide (NO,) is the only
common atmospheric gaseous species that significantly absorbs light. b, is light
absorption by particles. Absorption arises nearly entirely from elemental carbon
particles.

The spectral distribution of the observe d solar irradiance at the earth surface is
required in scientific and applied studies such as the radiative effects on various
ecosystems and the interactions between environmental poliution and solar irradiance.

The interactions have resultant impacts on atmospheric radiative energy transfer and



balance (Charlson et al., 1991, Adeyefa et al., 1997, Constantinos et al., 2000). The
increase in aerosol loading in the atmosphere not only changes the environment but
also modify the optical properties and lifetimes of clouds as cloud condensation nuclei
CCN that in turn impacts global and regional climate. (Kiehl and Briegleb, 1993,
Yunfeng et at., 2000). Atmospheric pollutants and aerosols absorb and scatter short
‘wave radiation. Scattering and absorption of solar radiation by aerosol particles and
trace gases result in considerable attenuation of surface solar radiation. Scattering
moderately increases the diffuse component of solar radiation which at any instant
however depend on other factors like the latitude, the sun declination angle, the
watervapour in the atmosphere and the cloudiness of such location (Coppolino 1989).
The clearness index Cl, indicates the percentage depletion of incoming radiation by the
sky while the djffuse ratio for the area under study is a quantity that mirrors the
effectiveness of the sky in the'scattering the incoming radiation (lderiah & Suleman,
1989, Kuye & Japtap, 1992). It is well know fact that clouds determine the solar
radiation received at the ground and other atmpspheric constituent like aerosols ahd
water vapor also affect the transmission of solar radiation.

The objectives of this study is to investigate the spectral distribution of solar radiation
in North East Asia cities of Kwangju, Beijing and Ulaanbaatar and the extent to which
changes in environmental factors affect this energy distribution. The accurate estimates
of environmental and climatic effects due to aerosols mainly depend on the full
understanding of its spatial and temporal distribution and good estimate of the
atmospheric aerosol optical depth. Hence this study will further compute and compare
the total atmospheric optical depths in North East Asia sites and investigate the

distribution of the TOD and AOD at Kwangju, Beijing and Ulaanbaatar.



In many cases where a ground — based measurement of optical depth is required
there exists neither the required resources nor the expertise to perform an accurate
radiometric calibration of the sun photometer employed. The standard Langley plot
technique for calibration is very susceptible to systematic errors related to atmospheric
instability (Norman et al., 1989). Alternatively the Langley plot slope method, computed
for the measurement acquired during the day to give an effective temporal average
value of the optical depth over the rhéasurement period has been used in this study.
This long method solves the problem of logistical difficulties of absolute calibration.

The UV radiation constitutes Very small portion of solar radiation, but it significantly
affects on ecosystem as well as human health (e.g. cataracts, skin cancer). The
ultraviolet radiation in the troposphere is referred to as radiation with wavelengths
between about 290 and 400 nm. The UV radiation spectrum can be divided into three
regions, named UV-A (315~400 nm) constituting most of the UV radiation received at
the earth’'s surface, UV-B (280~315 nm) being partially absorbed or scattered in the
atmosphere [Al-Dhafiri et al., 2000}, and the most energetic UV-C (<280 nm) being
completely absorbed by stratospheric ozone. Atmospheric ozone controls the amount
of the most energetic ultraviolet radiation that reaches the troposphére, and total ozone
amount and surface UV irradiance has an anticorrelation [Cappellani et al., 2000 ; Bais
et al, 1997 ; Bernhard et al., 1997 : Weele, 1996]. So, there has been a growing
concern about increase in the surface UV radiation since ozone hole was observed in
1970s. While the largest changes in the surface UV radiation are due to the changes in
the solar zenith angel, less is known about the impact by other parameters such as
extraterrestrial solar radiation, cloud cover, extinction by aerosol [Tsay et al., 1992], the

thickness of the atmosphere expressed by surface pressure (Rayleigh scattering),



altitude, and surface reflectivity (albedo) [Kylling et al., 1998 ; Grobner et al., 2000 ;
Tsay et al., 1992]. Extraterrestrial solar radiation changes with Sun-Earth distance.
Maximum and minimum values of extraterrestrial solar irradiance appear in January
and July, respectively, because the Earth is at its closest point to the sun (perihelion) on
approximately 3 January, and at its farthest point (aphelion) on approximately 4 July
[/gbal, 1983]. Clouds scatter incident radiation and reduce the irradiance reaching the
Earth’s surface [Tsay et al., 1992]. Aerosol is important in that the size of aerosol is
very similar to solar radiation wavelength.

Several studies have tried to investigate the effect of atmospheric aerosol on the
surface UV radiation. Kylling et al. [1998] used measurement data and modeling resuits
to investigate the effect of aerosol on UV irradiance by two instruments located at
different two areas. The presence of aerosol is seen to reduce the UVB irradiance by a
fraction ranging from 5% to 35% from the ratio between simulated UV spectra with and
without aerosols. Mayer et al. [1997] studied the influence of several parameters such
as aerosol on the ground level UV irradiance using spectral UV measurement and
modeling results. Results of modeling without consideration of aerosol in the model
input showed that the model clearly ove‘restimated the measured results.

In this study the variation of the surface UV irradiance was monitorred the Northeast
Asia (Korea, Japan, and Mongolia) to investigate the impact of aerosol amount on the
surface UV irradiance at Kwangju, Korea. A simple statistical analysis of the data will
be used to investigate the vériability of surface UV irradiance due to atmospheric

aerosol at Kwangju, Korea.
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3. Measurement and Analysis

3.1 Chemical properties of atmospheric aerosols

In order to determine the chemical properties of atmospheric aerosol over the
Northeast Asia, three intensive samplings were conducted at three measurement
sites : Kwangju, Korea, Beijing, China, and Kyoto, Japan (Figure 3.1). Atmospheric
aerosols were collected with a PM2.5 URG cyclone sampler and a MOUDI (Micro-
Orifice Uniform Depbsit Impactor) sampler during three intensive periods; 14~22
August, 30 October ~ 6 November 2000, and 14~21 January 2001.

The samples from each intensive sampling were analyzed by ion chromato-
graphy for ionic compound (Na*, NH,", K*, Mg*, Ca®", CI', NOy, SO.,%) concentrations.

PM2.5 particles were collected on a teflon filter and a quartz filter at a flow rate
of 16.7 liter per minute. After field sampling the collected particles on the filter were
analyzed for anion compounds (CI', NO3', SO,*) and cation compounds (Na*, NH,", K*,
Mg**, Ca®") using ion chromatography (IC). Aerosol samples collected on quartz filter
were used for analysis of organic carbon (OC) and elemental carbon (EC). |

For pretreatment of the teflon filter before sampling, the filters were exposed by
clean air for 30 minutes and then were dried in a desiccator for 24 hours. After
desiccating, the initial filter weight was measured. After sampling, the PM2.5 mass
concentration was calculated by dividing the measured mass difference by the total
sampled air volume. For pretreatment of 47mm diameter quartz filters, all were baked
at a constant temperature of 550°C for 12 hours. After baking the filters were placed in
a clean room until they have been sealed into prepared petri dishes.

In order to extract the ionic compounds (Na*, NH,", K*, Mg%, Ca®, CI', NO;,

11



S0,?) from the Teflon filter collected particles were placed inside a vial. At first 1ml
methanol was added onto the filter face uniformly and then 9ml ultra-pure water was
added into vial. Additionally, 20pl of chloroform was also added to prevent chemical
oxidation by microbes, Lastly, the vial containing the sample was systematically shaken
for 30 minutes for complete extraction of ionic compounds.

lonic compounds were analyzed by ion chromatography. The IONPAC AS4A-
SC column was used for anion column and the IONPAC CS12 column was used for
cation column. The anion eluent was 0.35 M Na,CO; + 0.1 M NaHCO; with a flowrate
of 2ml/min and cation eluent was 22mN H,SO, with a flowrate of 1ml/min.

Carbon analyses were carried out at AtmmAA, Inc., Calabasas, CA, USA by

the selective thermal oxidation method with a MnO, catalyst.
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ARETRALIS

Figure 3.1 Area map of three sampling stations

(A) Beijing, China, (B) Kwangju, Korea (C) Kyoto, Japan



3.2 Optical properties of aerosols

Aerosol Monitoring

In this visibility monitoring at Kwangju, short-interval samplings were introduced for
the special analysis for hourly variation of acidic aerosol and elemental carbon during
day time (from 06:00 to 18:00) and diurnal-nocturnal variation of them through each 12-
hour sampling interval with start times of 06:00. (diufnal) and 18:00 (nocturnal). 2000
summer visibility monitoring was éarried out during the summer intensive sampling
period, from July 12 to July 22, 1999. Aerosol monitoring data are used to determine
the gravimetric mass and chemical composition of size differentiated particles and ionic
concentration for the analysis of acidic aerosol (sulfate and nitrate) and artifacts caused
by gas phase. URG-VAP sampler for aerosol monitoring has three sampling arms. As
described below, two of the three arms and a cyclone collect fine particles with

aerodynamic diameter < 2.5 um:

o A teflon filter is used first to fine mass, sulfate, nitrate and ammonium ions

e A quartz filter is used to measure organic and elemental carbon.

URG cyclone also employs a teflone filter pack with 2.5um cut size. A teflon filter
inserted into the cyclone was used to measure elements associated with sulfur
compounds and soil. Fine particles with diameters less than 2.5 microns are especially
efficient at scattering light. Another center arm collects coarse particles with
aerodynamic diameters up to 10um, using a nuclepore filter. Coarse particles are less

efficient light scatterers than PM, s particles. Table 3.1 shows the aerosol sampling

14



condition in this study.

Table 3.1 Sampling methods and filter treatments for aerosol analysis.

(Gelman, 2um, 47mm)

Particle
Arms Filter Type Analytical Method
Size
Right 0~2.5um Quartz e Thermal Manganese Oxidation
(Whatman, 4.7cm) Analysis
(elemental & organic carbon)
Center 2.5~10um Nuclepore e Gravimetric Analysis (mass)
(Costa, 0.4um, 47mm)
Left 0~2.5um Teflon » Gravimetric Analysis (mass)
(Gelman, 2um, 47mm) e lon Chromatography Analysis
(sulfate, nitrate ions)
Denuder ¢ lon Chromatography Analysis
(242mm, 150mm) (SO,, HNO;, NH; gas)
Cyclone  0~2.5um Teflon » Gravimetric Analysis (mass)

e Induced Couple Plasma Analysis
(ICPIMS & ICP/AES: Elements

Na - Pb)

15




Optical Monitoring

Optical monitoring provides a quantitative measure of ambient light extinction (light
attenuation per unit distance) or its components to represent visibility conditions. optical
monitoring at Kwangju collect continuous measures of extinction, scatter and
absorption coefficients (beq, bscat and baps) using a long-path transmissometer, a
nephelometer and an aethalometer, respectively. Soot in the air may also affect the
light absorption and is analyzed as elemental carbon, which is associated with black

carbon concentration by aethalometer.

3.3 Radiative properties of aerosols

The solar radiation measurement station at Kwangju is located on the roof of the
Material Environmental Science and Engineering building in the Kwangju Institute of
Science and Technology (Lat.35°13'N, Long.126°53'E). Similar radiation stations were
estabilished at Beijing and Ulaanbaatar for this study.RSR (Rotating Shadow band
Radiometer) measures global radiation and diffuse radiation for the estimation of total
atmospheric optical depth (TOD) at every 10 minutes since January 2000 at Kwangju,
while measurements began October 2000 at Beijing (Lat39° 52’ N, Long.123 ° 53'E)
and Ulaanbaartar (Lat.47°55'N, Long.106 ° 55'E). The RSR sensors include a LI-190SA
Quantum sensor, and a LI-200SA pyranomter sensor. Recalibration of the RSR is
done as recommended by the manufacturer. The cosine correction error is less than +
5% for angles less than 80° from the normal axis of the sensor and at 90° the cosine
error is infinite.

Detailed information on the RSR equipment can be found from Kim et. al, (1995).
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The direct normal solar irradiance is computed as

DNSI = (Ipax-Imin)/cOS @

where DNSI is direct normal solar irradiance, 1 is the solar irradiance incident on the
snesor, @ is the solar zenith Angler . The total optical depth is computed using the

Beer’s law

I =Gy exp (-tm)

where G, is the solar irradiance at top of atmosphere, | is the direct normal solar
irradiance, 7 is the total optical depth and m is the air mass. The relative optical air
mass 2 <m = 1/ cos® < 6 for the solar zenith angle 60° ~ 80°. The total atmospheric

aerosol optical depth is then computed by

T

aerosol

rotal = To;'one + Twalervapar + TRayleigh +7

The clearness index Cl is defined as G/G, . G, can be calculated as

G, = 24/ L Esin®Sind(( T /180)w,-tanws)

where |, = solar constant, E, = Eccentricity correction factor, @ = station Latitude, &
= Declination angle or each day of the year, ws = sunrise hour angle.
The diffuse ratio is given as D/G, where D is the diffuse radiation and G is the global

radiation measured on a horizontal surface.

3.4 Surface UV radiation

The UV-S-B-T, and UV-S-A-T (Scintec, Inc.) for measuring UV-B and UV-A were
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installed at the roof of the department of Material Science and Engineering building in
the Kwangju Institute of Science and Technology (K-JIST) at Kwangju, Korea. These
UV radiometers measure the integrated global UV irradiance at the wavelength of 280
to 315 nm and 315 to 400 nm, respectively. Measurement outputs from the UV sensors
are sampled at every 15 seconds interval and averaged over a 1 minute interval and
saved into the YESDAS (Yankee Em)ironmental Systems) data logger.

UV measurements at Ulaanbaatar, Mongolia, wés conducted by a UVB-1
radiometer (Yankee Environmental Systemé) at the ground of Institute of Geoecology,
Ministry of Nature and the Environment. This instrument measures the integrated
global UV-B irradiance at the wavelength of 280 to 320 nm, and shares a CR10X
(Campbell Scientific) data logger with the RSR system. Measurement outputs from the
UV radiometer are sampled and recorded every 10 minutes as a mean value into the
data logger.

A UV-B radiometer (EKO, MS-212W) was installed at Kyoto University at Kyoto,
Japan to measure the integrated global UV-B radiation (280 — 315 nm) every 10
minutes interval and record it into a data logger.

The measured data are averaged each hour to investigate the diurnal variation.
Mean value of UV irradiance was computed for each month. The UV radiation
measurements were taken under all sky conditions. This study uses the UVB and UVA
data obtained during the period form Feb to Nov 2000 at Kwangju, UVB data from Oct
to Dec 2000 at Ulaanbaatar, and UVB data from Nov to Dec 2000 at Kyoto.

In chapter 4.3 aerosol optical depth (AOD) values in visible wavelength range were
calculated. AOD indicates the total amount of aerosol in the column atmosphere and is

related to radiative forcing of aerosols in the atmosphere [Kim et al. 2000]. Atmospheric

18



aerosols attenuate ultraviolet radiation as well as solar radiation at other wavelength
ranges. Correlations between UV radiation and AOD in the visible region was analyzed
inthis study to investigate the atmospheric aerosols’ impaction on the surface UV
irradiance.

The regression analysis for AOD determination is performed only for relative optical
air mass range between 2 and 6. Lower air masses are excluded because the rate of
change of the optical air mass is too small creating a greater opportunity for changing
atmospheric conditions to affect the regression. Air mass over 6 is avoided because of
the greater uncertainty in air mass caused by refractions that are increasingly sensitive
to atmospheric temperature profile [Harrison et al., 1994 ; Min, 2000].

Relationship between AOD and UV irradiance was investigated by scatter plots at
60°, 70°, and 80° of solar zenith angle. All regressio analysis was done for clear-sky

condition valyes since our AOD values were calculated under clear-sky conditions.
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4. Results and Discussion
4.1 Chemical properties of aerosols
4.1.1 Particulate ionic and mass concentrations

Three intensive sampling of aerosols were conducted during three seasons;
summer (14~22 August 2000), fall (30.October ~ 6 November 2000), and winter
(14~21 January 2001) at the three measurement sites ; Kwangju, Kyoto, and Beijing.

Table 4.1.1 summarizes the mean concentrations of mass and ionic compound
concentrations from the 1% to 3" intensive samplings of aerosols over the three
stations.

Concentrations of mass and ionic compounds increased in winter. At Beijing,
China, three major ions ; SO,*, NH,* and NO; have the mean concentrations of 15.75,
5.82, and 5.60 pg/m3 in summer ; 18.78, 8.45, and 17.41 pg/m3 in fall, and 57.92, 16.85,
and 30.12 pg/m®in winter,respectiVer. At Kwangju, Korea, three major ions, SO,,
NH," and NO;s have the mean concentrations 3.22 , 2.69 , and 0.63 pg/m® in summer ;
3.13, 3.70, and 4.56 pg/m® in fall, 6.15, 4.58, and 2.11 pg/m®in winter. At Kyoto, Japan,
three major ions, SO,%, NH," and NO;™ have the mean concentrations 7.07, 3.39, and
0.19 pg/m? in summer ; 4.29, 2.27, and 0.55 pg/m® in fall, 3.50, 2.74, and 0.75 pg/m® in
winter (Figure 4.1.2)

The mean concentrations of PM 2.5 particles during the three intensive
samplings were measured to be 67.5, 172.4 and 225.3 ug/m® at Beijing, 21.4, 17.1,

and 33.6 pg/m® at Kwangju, and 16.1, 40.4 and 17.5 pug/m® at Kyoto, respectively
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(Figure 4.1.1).

The results of Pearson correlation were presented in Tables 4.1.2 ~ 4.1.4.
From these results the correlation values between NH," and SO,%, and NH," and NO5"
are higher than other correlation values. The measurement data indicated that
particulate ammonium sulfate and ammonium nitrate were formed in the atmosphere. It
‘can be concluded that ammonium sulfate ((NH,).SO,) is the major pollutant component

in PM2.5 and secondly ammonium nitrate (NH,NO;).
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Table 4.1.1 Mean concentration of ionic compounds from 1% to 3™ intensive sampling of

aerosol over three countries.

(ug/m®)
Sampling
Statons | CI NO;y SO/ Na" NH, K Mg® ca*
periods
Beijing,
0.905 5.601 15753 0.198 5.824 1.374 0.179 1.202
1% China
(14~22 | Kwangju,
0.045 0.629 3.2236 0.102 2.686 0.013 0.007 0.003
August | Korea |
2000) Kyoto,
0.026 0.188 7.066 0.093 3.392 0.066 0.015 0.014
Japan
Beijing,
5.000 17.405 18.784 0.632 8.447 2319 0.334 2834
2" China
(30~6 | Kwangju,
| 1 0482 4555 3.132 0.251 3.704 0412 0.054 0.144
November| Korea
2000) Kyoto,
1 0.059 0548 4292 0.186 2274 0.096 0.015 0.031
Japan
| Beijing,
3¢ 5.203 30.117 57.917 1.735 16.851 2.747 0.194 0.876
China
(14~21
| Kwangju,
January 0995 2106 6.150 0.318 4.581 0.211 0.029 0.129
Korea
2001)
Kyoto, :
0406 0.750 3499 0.275 2.738 0.121 0.018 0.053
Japan :
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Table 4.1.2 Pearson correlation matrix for ion compounds for the 1% intensive sampling

period
Beijing cr NO; SO.*  Na' NH," K Mg®*  ca*
Cr 1.000 0645 0.167 0873 0462 0317 0754 0712
NO; 1.000 0462 0788 0771 0502 0681 0.671
SOZ 1.000 0.079 0899 0827 0414 0606
Na* 1.000 0399 0344 0.834 0.698
NH," | 1000 0791 0563 0.745
K* 1.000 0669 0.872
Mg®* 1.000 0.881
ca* 1.000
Kwangju CI NO;, SO,  Na' NH," K* Mg*  Cca*
cr 1.000 0.703 0.650 0407 0.743 -0.133 0241 0.165
NOs 1.000 0.643 -0.187 0.519 -0.378 -0.274 -0.406
S0.* 1.000 0.264 0.867 0433 0.383 0.252
Na* 1.000 0662 0.300 0.930 0.934
NH,* 1.000 0.286 0664 0.562
K* 1.000 0599 0.581
Mg* 1.000 0.974
ca* 1.000
Kyoto Cr NO; SO, Na' NH," K Mg>*  Cca*
Cr 1.000 0.038 -0.334 -0.009 -0441 -0.086 0.355 -0.042
NO; 1.000 0036 -0.171 0.146 0.334 -0.003 -0.235
SO.” 1.000 0355 0952 0.069 -0589 0.688
Na* 1.000 0464 0405 0453 -0.074
NH," 1.000 0.203 -0.515 0.469
K* 1.000 0.309 0.031
Mg** 1.000 -0.582
Ca® 1.000
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Table 4.1.3 Pearson correlation matrix for ion compounds for the 2™ intensive sampling

period

Beijing cr NO; SO/  Na* NH,* K* Mg*  Cca*
cr 1000 0849 0861 0817 088 0797 0.941 0.839
NOy 1.000 0.959 0401 0995 0981 0.743 0.607
SO” 1.000 0446 0961 0955 0690 0.574
. Na* 1.000 0475 0.320 0.861 0.836
NH," 1.000 0.962 0784 0.642
K* 1.000 0684 0.593
Mg* 1.000 0.947
ca* 1.000
Kwangju CI NO; SO/ Na* NH," K* Mg*  Ca*
cr 1.000 0.355 -0.232 0462 0325 0.817 0325 0.033
NO; 1.000 -0.551 -0.078 0483 0319 0.375 -0.280
S0 1.000 0476 0.334 -0029 -0.076 0.516
Na* 1.000 0202 0597 0525 0.755
NH,* 1.000 0244 -0.050 -0.170
K* 1.000 0.754 0.419
Mg 1.000 0.661
ca* 1.000
Kyoto cr NO; SO, Na' NH," K* Mg*  Cca*
cr 1.000 0252 -0613 -0.357 -0552 0.178 -0.113 -0.142
NOs 1.000 0.180 0534 0.352 0.349 0.536 0.204
S0 1.000 0846 0962 0458 0.795 0.810
Na* 1.000 0817 0443 0915 0.798
NH," 1.000 0500 0786 0.746
K* 1.000 0.754 0.707
Mg 1.000 0.913
ca* 1.000
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Table 4.1.4 Pearson correlation matrix for ion compounds for the 3™ intensive sampling

period

Beijing cr NO, SO+  Na' NH," K* Mg*  Cca*
Cr 1.000 0129 0148 0143 0.359 0.265 -0.155 0.079
NO; 1.000 0.967 0969 0.967 0915 0.805 0.451
SO, 1.000 0.972 0.965 0972 0864 0.387
Na* 1.000 0953 0971 0904 0232
NH,* 1.000 0.949 0748 0.429
K* : 1.000 0.888 0.193
Mg : 1.000 -0.054
Cca” 1.000
Kwangju CI NO;  SO,* Na' NH,* K* Mg*  Cca*
cr 1.000 0740 0440 0.134 0791 0.830 0.700 0.319
NOs 1.000 0913 0.705 0.995 0.977 0.910 0.847
S0* 1.000 0.860 0.883 0842 0.867 0.964
Na' 1.000 0643 0600 0.647 0.882
NH,* 1.000 0987 0921 0.814
K* 1.000 0.880 0.778
Mg® 1.000 0.819
Ca® _ 1.000
Kyoto cr NO;, SO  Na' NH,* K* Mg*  Ca*
cr 1.000 0503 0115 0629 0464 0.155 0223 0.376
NOs 1.000 0296 0.503 0598 0.194 0.093 0.571
SO* 1.000 0624 0901 0.883 0902 0.726
Na* 1.000 0.711  0.759 0.737 0.859
NH," 1.000 0732 0.778 0.784
K* 1.000 0.910 0.657
Mg** 1.000 0.727

Ca* 1.000
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4.1.2 Seasonal variation of ion compounds

Figure 4.1.3 shows the seasonal variation of suifate, nitrate and ammonium ion
concentrations. In general it can be seen that NO;, SO,> and NH," showed similar
variations for each season. The measurement data indicated that particulate
‘ammonium sulfate or ammonium nitrate was formed in the atmosphere.

Results from the Pearson correlation matrix calculations for the three intensive
sampling periods as shown in Table 4.1.2~4.1.4, the correlation values between NH,"
and SO,%, and NH," and NO3 are higher than other correlation values.

Since potassium has a high correlation values with CI', NOs, SO,* and NH,", it
can be considered to be related to similar sized particles. Although calcium usually
belongs to large size particle, the correlation values were associated with smaller size
particles of CL, SO,%, NH, and K" were higher than associated large particles of Mg,

and Na*. It can be transported from the same origins.

4.1.3 Back-trajectory analysis

Air mass backward trajectories were calculated using the Hybrid Single-
Particle Lagrangian Trajectory (HYsplit) model for the three intensive sampling periods
(1% : 14~22 August 2000, 2" : 30.October ~ 6 November 2000, and 3" : 14~21
January 2001). The trajectories, which reflect the large-scale atmospheric transport
characteristics of air mass arriving at the sampling sites, are useful for estimating the
long-range transport of pollutants and other chemical species. It equally provided a

better understanding of the airflow patterns in this region. The patterns of the long-
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range transport to sampling sites based on analysis of 3-day (72hr) backward
trajectories are presented in Figure 4.1.4 ~ 4.1.12).

The maximum values of SO,*, NH," and NO; at Beijing during the 1% intensive
sampling period occurred on August 16", 2000 and the lowest value on August 20",
2000, respectively. Therefore, it can be concluded that air mass on August 17" at 10
‘AM local time transported from western part of China carried much more pollutants
than that on August 21" at 10 AM local time 2000 transported from northern part of
China. Back-trajectory results also showed that pollutant concentrations depend on the
pathways of the air mass (Figure 4.1.4 ~ Figure 4.1.12). The transport of dust over the
Northeast Asia was simulated by the HYsplit back-trajectory program. The Asian dust
particles transported from China or Mongolia can affect the atmospheric composition

over the Northeast Asia in spring.
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Figure 4.1.3 Daily variation of nitrate, sulfate, ammonium ion concentrations in (a)
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Figure 4.1.4 The distribution of back-trajectories pattern at 1500m, 2000m, 3000m in

Beijing, China during the 1* sampling period (14~22 August 2000).
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Figure 4.1.5 The distribution of back-trajectories pattern at 1500m, 2000m, 3000m in

Kwangju, Korea during the 1* sampling period (14~22 August 2000).
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Figure 4.1.6 The distribution of back-trajectories pattern at 1500m, 2000m, 3000m in

Kyoto, Japan during the 1* sampling period (14~22 August 2000).
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Figure 4.1.7 The distribution of back-trajectories pattern at 1500m, 2000m, 3000m in

Beijing, China during the 2™ sampling period (30.October ~ 6 November 2000).
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Figure 4.1.8 The distribution of back-trajectories pattern at 1500m, 2000m, 3000m
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Kwangju, Korea during the 2™ sampling period (30.October ~ 6 November 2000).
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Figure 4.1.9 The distribution of back-trajectories pattern at 1500m, 2000m, 3000m in

Kyoto, Japan during the 2™ sampling period (30.October ~ 6 November 2000).

43



NOAA AIR RESOURCES LABORATORY NOAA AIR RESOURCES LABORATORY

Backward irajeclories ending at 10 UTC 15 Jan 01 Backward frajectories ending at 10 UTC 18 Jan 01
FNL Meteorological Data FNL Meteorological Data
. #0 o o]
w w | ; .
t: [ t ] : "J'\-."."
5 ] & & % 1 ‘.{."5 <
- |3;§ - r y - g\‘\ = é
Z 1 £ =z - 7= WL A wale
b 4 3 8 ) ' I
C1N ) al- - ;
®| 2 % byl A |z
* 7 & x| T g %
g ™ A% § __l‘ ".. .
5 . ey ] [ e g 7'5— 19 JE. " / : e
NOAA AIR RESOURCES LABORATORY NOAA AIR RESOURCES LABORATORY
Backward frajectories ending at 10 UTC 18 Jan 01 Backward frajeclories ending af 10 UTC 20 Jan 01
FNL Meteorological Data FNL Meteorological Data
w ‘L'" s e Vo w| = :
~ oA T - sl i) 3
b R £ & 8l <3| &
1 | I
8 8 I Mo 198 L
2 _3 : » ar.” i
x|t oy { L [T !
g \ _‘ '-f_-*”.' _\ } o " _.-;_.— - ;. i .:\.: a
FAL m 7 Sl m
5 % 2 g [ |2
A ¥ £ “J ) L g fl.
1] e

Figure 4.1.10 The distribution of back-trajectories pattern at 1500m, 2000m, 3000m in

Beijing, China during the 3" sampling period (14~21 January 2001).
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Figure 4.1.11 The distribution of back-trajectories pattern at 1500m, 2000m, 3000m in

Kwangju, Korea during the 3" sampling period (14~21 January 2001).

46



Source Location * al 3478N 13585E

NOAA AIR RESOURCES LABORATORY

ALISN3Q - POYISIN UORION [BOUBA

Source Location * al 3478N 13585E

ALISN3QA - Poylap uofiop [Eoap

Source Location ® al 3478N 13585 E

N R NOAA AIR RESOURCES LABORATORY
Backward frajectories ending at 10 UTC 18 Jan 01 Backward frajeciories ending at 10 UTC 19 Jan 01
FNL Meteorological Data FNL Meteorological Data
& w ' . \
b » .-‘ W < 3 do h
. ‘ w
%0 %. <] e 2
oS Vige =z |\
Tl £ B
’”";I' 1 g ; S0y
PR 3 § !
(] 2
.'\‘-\'.L U
a0 3
4 - '_{j.'. - J'-‘ ’
NOAA AIR RESOURCES LABORATORY NOAA AIR RESOURCES LABORATORY
Backward frajeclories ending ai 10 UTC 20 Jan 01 Backward trajeciories ending at 10 UTC 21 Jan 01
FNL Meteorological FNL Meteorological Data
\ 1 J "‘_“.94 /- | 7‘5: "‘i. '.__
; "&é%fr:{ WL e e g
0

ALISN3Q - POWaK UONOW [BOS A

47



NOAA AIR RESOURCES LABORATORY
Backward frajeciories ending at 10 UTC 22 Jan 01

FNL Meteorological Data

s i
w| - t 1} o
g ' 8 o [ 8 E
-— Y _.l
z N Vs
|l :

=0
w5
5 s 1 - 3

) {
(R

Figure 4.1.12 The distribution of back-trajectories pattern at 1500m, 2000m, 3000m in

Kyoto, Japan during the 3" sampling period (14~21 January 2001).
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4.1.4 Organic carbon and elemental carbon

The carbonaceous fraction of ambient particulate matter consists of two major
components — graphitic or black carbon (sometimes referred to as elemental carbon)
and a variety of organic compounds (organic carbon). Elemental carbon (EC) can be
produced only in the combustion process and is therefore solely primary. EC is
especially effective in reducing visibility because of its light absorption properties. EC
also plays an important role in the formation processes of secondary aerosols in the
atmosphere (Chang et al., 1982). Organic carbon (OC), which is a matter of some
concern because of possible mutagenic and carcinogenic effects, can be directly
emitted from sources (primary OC) or produced from atmospheric reactions involving
gaseous organic precursors (secondary OC) (Rogge et al., 1993). OC generally
accounts for 60~90% of the carbon mass in airborne particulate matters (Frosjean,
1984) and represents a large variety of organic compounds in many classes, such as
aliphatic, aromatic compounds, acids, etc (Daisey et al, 1986). Sources of
carbonaceous aerosols are either primary or secondary. Primary sources are emitted
as particles ; secondary sources are emitted as gases and undergo chemical or
photochemical transformation processes in the atmosphere before forming compounds
that have low volatility and may condense to form an aerosol. The natural sources of
fine particle carbonaceous aerosols include : (a) primary emissions of particles from
natural fires, (b) primary emissions of plant materials injected through abrasion and by
direct means, and (c) emissions of organic vapors, which form condensable organics
after partial oxidation in the atmosphere. Anthropogenic sources include : (a) primary

emission from the burning of biomass, (b) primary emissions from the burning of fossil
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fuels, from industrial processes and from fugitive source, and (c) emissions of volatile
organics from fossil-fuel burning and industrial processes which form condensable
organics after particle oxidation. Organic compounds and carbonaceous compounds
such as carbonate are also found in the particle emissions associated with sources of
dust and sea-salt aerosol, but since most of the mass of these aerosols in associated
with larger-sized particles that are radiatively ineffective and small in number (Penner,
1995).

Table 4.1.5 shows the resuits of carbon analysis alongwith mass concentration of
the aerosol samples collected at stations in January 2001. The concentrations of
organic carbon and elemental carbon in Beijing were the highest, compared to those at
other two sites. The average EC and OC concentrations in Beijing, Kwangju and Kyoto
were 62.0 and 21.9, 7.8 and 3.8, and 3.6 and 1.9 pug/m?, respectively. The OC and EC
concentrations were plotted in Figure 4.1.13 along with data from other studies.
Average OC concentration in PM 2.5 at Beijing was much larger than the values at
other urban areas (Gray et al, 1986, Park et al, 2001).

Contributions of the primary and secondary components of aérosol OC have been
difficult to quantify. Elemental carbon has often been used as a tracer of primary OC.
The underlying hypothesis is that because EC and primary OC often have the same
sources, there is a representative ratio of OC/EC for primary aerosol. If the measured
ambient OC/EC ratio exceeds this expected value, then the additional OC can be
considered to be secondary in origin. A weakness of that approach is that OC/EC
emission rates vary by source and therefore the primary ratio will be influenced by
meteorology, diurnal and seasonal fluctuations in emissions and local sources (Seinfeld

and Pandis, 1998). The OC/EC ratio shown in Table 4.1.5 varied from 1.5 to 3.2. The
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average OC/EC ratio at Kyoto was 1.9. This may be evidence that organic carbons are
emitted mostly from primary organic local sources. Particulate organic to elemental
carbon (OC/EC) ratios exceeding 2.0 have been used to indicate the presence of
secondary organic aerosols (Gray et al., 1986) in summertime afternoon samples at
downwind receptors. In other words, the additional OC that causes the OC/EC ration to
exceed 2.0 can be considered to be secondary in origin (Park et al., 2001), which are

the cases for Beijing samples in this study.
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Table 4.1.5 Organic carbon (OC) and elemental carbon (EC) concentrations in January

2001.
(Hg/m®)
Date Mass oC EC TC OC/EC
15 188.9 51.0 15.8 66.8 32
16 258.6 66.7 23.1 89.9 2.9
Beijing, 17 366.9 82.9 33.4 116.3 25
China 18 207.1 42.4 16.4 58.8 26
19 278.0 67.0 20.9 87.9 32
AVE. 2599 62.0 21.9 83.9 2.9
14 8.3 27 0.9 36 2.9
15 14.6 3.2 1.2 4.5 26
16 21.8 4.7 2.0 6.7 2.4
Kwangju, 17 36.7 12.1 5.8 18.0 2.1
Korea 18 62.7 15.9 8.3 24.2 1.9
19 53.0 10.6 57 16.3 1.9
20 37.9 55 23 78 2.4
AVE. 33.6 7.8 38 11.6 23
15 14.2 40 16 57 25
16 8.0 26 1.4 4.0 20
17 180 4.2 2.4 6.5 1.8
Kyoto, 18 22.0 38 1.8 5.6 22
Japan 19 24.1 3.9 25 6.4 15
20 23.3 3.4 1.8 5.1 1.9
21 12.5 3.2 2.0 5.1 1.6

AVE. 17.5 3.6 1.9 5.5 1.9
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Figure 4.1.13 Comparison of EC with OC : Kwangju, Beijing and Kyoto; in this study;
LA and San Nico., USA: Gray et al.(1986); Sihwa, Korea: Park et al.(2001); Sapporo,

Japan: Ohta et al.(1998).
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4.1.5 Aerosol size distribution

An important characteristic of the generation of »atmospheric aerosol particles is
its temporal as well as spatial variability. Informatipn on the size dlistribution of
particulate matter is vital to developing an understanding of its generation, transport,
deposition, and climatic effects. The number/size distribution is particularly important in
climate considerations (Duce, 1995)

In this section, the result of size distribution measurement of atmospheric
aerosols over the Kwangju, Korea and Kyoto, Japan are discussed. An eight-stage
cascade impactor (MOUDI, Micro-Orifice Uniform Deposition Impactor, and 12-stage
low pressure Andersen sampler were operated for collecting size-segregated aerosol
samples at Kwangju and Kyoto, respectively. Two problems are likely to occur with
impactor type samplers ; one is the bounce problem which would result in collection of
particles on subsequent stages due to their impaction on the filter surface during
penetration of the jet and the other is that the filters do not suppress particle bounce off
completely. Particle bounce effect may be of less significance in the summer than the
winter. However, it can be reasonably constant over the sampling period and that the
size distribution may well serve intercomparison purpose. As shown in Figure 4.1.14
two size distributions measured at kwangju and Kyoto are very similar, the majority of
the mass is in the fine size range (d <2.5 ym). It was reported that winter mass median
diameters are slightly smaller than summer values probably due to the effect of the
annual variations of the relative humidity. However, the majority of the mass is in the

coarse size range during the strong yellow sand events (d >2.5 ym) (Bae, 1999).
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4.2 Optical properties of aerosols
4.2.1 Aerosol extinction coefficient and visibility

For the chemical mass balance of fine particulate trace element concentrations,
kthree chemical analyses consisting of IC, ICP/MS & /AES, TMO (Thermal Manganese
Oxidation) were performed on samples collected at Kwangju, Korea. At most urban
atmosphere, fine aerosol species are classified into five major types: sulfates, nitrates,
organic mass, elemental and light-absorbing carbon, and soil. Mass concentrations
were calculated from the masses of the measured elements and ions according to

IMPROVE programs summarized below [IMPROVE, 1993].

Ammonium Sulfate [Sulfates]

In the urban atmosphere where ammonia can be sufficient most sulfur is in the form
of ammonium sulfate ((NH4),SO,). AII elemental sulfur was assumed as being in the
form of ammonium sulfate, and ammonium sulfate concentrations were calculated by
multiplying elemental sulfur concentrations by molar correlation factor 4.125. For

simplicity, ammonium sulfate is referred to as [sulfate].

Ammonium Nitrate [Nitrates]
Collected nitrate ion is associated with fully neutralized ammonium nitrate aerosol
(NH4NO3). The mass of ammonium nitrate was calculated by using a molar correlation

factor of 1.29 and was referred to as [nitrate).
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Organic Mass by Carbon [OMC]
Organic mass concentration by carbon: (organics, OMC) was calculated by the

Equation 3-4.
[OMC] = 1.4[0C] (3-4)

The correlation factor 1.4 assumes that organic mass contains a constant fraction of

carbon by weight (Watson et al., 1988).

Elemental Carbon [EC]
Elemental carbon can absorb light, was calculated by the TMO method, which
converted the carbon evolved at each step into CO,, using an oxidizer, MnO, then

quantified.

Soil [SOIL]

Soil mass concentration was calculafed by summing the elements predominantly
associated with soil, plus oxygen for the normal oxides (Al,Os, SiO,, Ca0, K,O, FeO,
Fe;0;, TiO,), plus a correlation for other compounds such as MgO, Na O, water, and

carbonate. A final equation for fine soil after dividing by 0.86 is:

[SOIL] = 2.20[Al] + 2.49[Si] + 1.63[Ca] +2.42[Fe]+1.94[Ti] (3-5)

Components of these factors were confirmed in comparisons of local resuspended
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soils (Cahill, et al., 1981; Pitchford et al., 1981).

Reconstructed Fine Mass [RCFM]
The sum of the above five composites should provide a reasonable estimate of the
ambient fine mass concentration measured in the atmosphere (RCFM). The equation

for RCFM concentration is therefore:

[RCFM] = [Sulfate] + [Nitrate] + [OMC] + [EC] + [SOIL] (3-6)

Coarse Mass [CM]
Coarse mass (CM) was calculated gravimetrically by subtracting fine mass (PM2.5)

concentration from total aerosol mass (PM10) concentration:

[CM] = [PM10] - [PM2.5] (3-7)

Atmospheric extinction can be calculated from the mass of various particulate
species if the scattering cross section of each species is known, and if the hourly
ambient relative humidity during sampling is also known. The equations used to
determine reconstructed aerosol extinction follow IMPROVE Program protocol and are

outlined below [IMPROVE, 1993].

bext = 3 f(RH) [Sulfate] + 3 f(RH)[Nitrate] + 4 [OMC] + 1[Soil] + 0.6[CM] + (3-8)

Dabs + bray

Where the first 5 components represent the light scattering by aerosol species, baps
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represents the coefficient of light absorption for fine particles, and bray represents the
light scattered by molecules of gas in the natural atmosphere, which varies with
atmospheric pressure, and is a site-specific measurement based on altitude. Generally
bray can be negligible at the urban area because the value is extremely smaller than
those of others. The constants 3, 4, 1, 0.6 ére the dry scattering efficiency of sulfates,
nitrates, organics, soil and coarse mass in unit of m?/g (Sisler, 1996).

The worst visibility is linked to the maximum in sulfate and nitrate concentration that
are called acidic_aerosol. In most cases, the sulfate and nitrate components of fine
aerosol are the largest contributors to light extinction. This is because sulfate, being
hygroscopic, generally has higher light extinction efficiency than other species due to
associated liquid water. by from sulfate and nitrate shows a functional dependence on
relative humidity. These species grow rapidly under conditions of increasing humidity to
attain diameters that most efficiently scatter light. During the night time the contribution
of acidic aerosol is, therefore, higher than during the day time due to higher relative
humidity in the ambient atmosphere. Generally, reconstructed light extinction is higher
in night time and lower in daytime; however, there are many exceptions to this general
rule due to frequent sudden shower in summer and other meteorological conditions.

In Figure 4.2.1 “Best 20%” is the average of the lowest 20 percent of extinction
coefficient values. Likewise the terms, “Worst 20%” and “Middle20%” refer to an
average of the upper 20 % range, 80 to 100 %, and middle 20 % range, 40 to 60 %,

respectively.
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Figure 4.2.1 Diurnal variation of relative visual range by the three haze levels.
a)“Best 20 %": VR =50 ~ 62km, be, = 0.063 ~ 0.078 Mm™, dv = 18.4 ~ 20.6
b)“Middle 20%”": VR =24 ~ 36km, be, = 0.109 ~ 0.163 Mm™, dv = 23.9 ~ 27.9

c)“Worst 20%": VR < 12km, bey > 0.326 Mm™, dv > 34.8

While an average visual range increased from 5.9 to 61.7km, average light extinction
budgets of sulfate and nitrate decreased from 43.8 to 12.7 % and from 18.0 to 8.7 %,
respectively. Under the same condition average light extinctioh budget of elemental
carbon and organics increased from 12.8 to 22.2 % and from 21.8 to 47.0 %

respectively during the intensive monitoring period.

4.2.2 Contributions of Light absorption by EC

During summer intensive monitoring period, 12 July to 22 July 2000 in Kwangju,

. mean light absorption budget by elemental carbon was 7.3 % and daytime mean light
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absorption budget was 7.5 %. Visual range varied from 1.7km to 62.4 km during the
sampling period. Average visual range during day time and night time was 15.3km and
13.8km respectively.

Figure 4.2.2 shows that the variation of visual range have great correlation with the
ratio of baps to be. On a clean day absorption coefficient, b, by elemental carbon
becomes a major contributor to degradation of visibility in the urban atmosphere. Effect
of elemental carbon on light absorption increased 4.6 times while the visual range
increased from 11.8 to 58.6km. During the same time period elemental carbon
concentration did not exhibit any apparent correlation with the variation of visual range.
These results illustrate that sulfate, nitrate and hygroscopic organic compounds are
important major contributors to degradation of Visibility due tb increased light scattering

under worse visibility conditions as compared to small absorption by elemental carbon.
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Figure 4.2.2 Effect of Carbonaceous particles on visibility degradation.
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4.3 Radiative properties of atmospheric aerosols.

4.3.1 Radiative properties of aerosols

Figure 4.3.1 shows the diurnal variation of monthly mean global and diffuse
radiations at Kwangju (January ~ December 2000). Resuits show a distinct seasonal
difference in the mean diurnal variation of global and diffuse radiations in the individual
at each site. The daily global and diffuse radiations increase steadily in the early hours
(08hr from December ~ February and 06hr from March ~ November) and reaches
maxima around 12hr-13hr in the afternoon, and gradually decreases to their minima at
about 17hr-20hr depending on the month of the year. The maximum average seasonal
global radiation at Kwangju was measured to be 750w/m?, 716.4 w/m?, 554.9 w/m?,
and 494.2 w/m? in spring, summer, fall and winter respectively. The maximum diffuse
radiation was measured to be 346.7 w/m?, 590.8 w/m?, 460.7 w/m? and 374.7 w/m? in
spring, summer, fall and winter respectively at Kwangju. The high value of diffuse
radiation in spring can be attributed to the increase in the atmospheric aerosol loading
in the Korea peninsular and also to the intensive biomass burning.

Figure4.3.2 shows the daily distribution of global and diffuse radiation at Kwangiju.
The figure depicts an increase in the diffuse radiation at the surface during the spring
season (March-May) that corroborates the earlier findings of maximum diffuse radiation
during spring months. Figure 4.3.3 shows the daily diffuse ratio at Kwagnju and it
similarly indicates a maximum of 0.95 in May (spring).

Figures 4.3.4 and 4.3.5 show the diurnal variations of monthly mean global and

diffuse radiations at Beijing and Ulaanbaartar respectively for November — December
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2000. The values of the maximum monthly mean hourly global and diffuse radiations at
Beijing are 294.1w/m? and 242.4 w/m? respectively while Ulaambaartar recorded 211.8
w/m? and 167.9 w/m? respectively. Figures 4.3.1, 4.3.2, 4.3.3 4.3.4 and 4.3.5 show
seasonal variation of the global and diffuse radiations each months at Kwangju, Beijing
and Ulaanbaartar.

. Figure 4.3.6 shows the annual variation of global and diffuse radiations at Kwangju
from January-December 2000. It shows a gradual increase in global and diffuse
radiations from the early hours (600-700hr), reaches their maxima at 1200hr local time
and decreases to near zero in the evening at around 1900hr.

Figure 4.3.7 gives an insight to the seasonal distribution of the hourly global
radiation for clear days free from dust and clouds. It shows global radiation is
maximized in summer and minimized in winter.

Figure 4.3.8 shows the seasonal variation of diffuse radiation at Kwangju for
clear days from January-December 2000. It is evident from this figure that the
maximum diffuse radiation in spring is as a resulted from depletion of solar radiation by
atmospheric aerosol. Figure 4.3.9 shows the total atmospheric optical depth (TOD) at
Kwangju during the periods of measurement. The maximum and minimum daily total
atmospheric optical depths are 0.84 and 0.09 in March and October, respectively. The
maximum TOD in March also corroborates the earlier findings of increase in
atmospheric aerosol at Kwangju in spring. The minimum in October can be attributed to
the dust free clean air condition under low relative humidity. However, it is interesting
to note an increase in the TOD at Kwangju in October due to the prevalent biomass
burning in this area in preparation for the next farming season. The annual mean TOD

at Kwangju was 0.28 while the seasonal was 0.25, 0.32, 0.29 and 0.29 for winter,
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spring, summer and fall, respectively. This indicated that except for the winter season
all other seasons have their total atmospheric optical depth higher than the average in
the year under consideration.

Figures 4.3.10 and 4.3.11 show the total atmospheric optical depth at Beijing and
Ulanbaartaar, respectively but for limited time period from October to December 2000.
.During this time period the maximum and minimum daily TOD values were recorded at
Beijing to be 0.65 and 0.17, respectively. This is in strong agreement with the findings
of Yunfeng et al., (2000) on the characteristics of atmospheric aerosol optical depth
variation over China in the past 30years. However, the maximum and minimum TOD
recorded at Ulaanbaartar were 0.59 and 0.04, respectively for the period October ~
December 2000. Figure 4.3.12 shows the relationship between the monthly total
atmospheric optical depth, the computed clearness index, (Cl) and the diffuse ratio at
Kwangju from January ~ December 2000. The clearness index, (Cl) indicates the
percentage depletion of incoming radiation by the atmosphere while the diffuse ratio is
a quantity that mirrors the effectiveness of the sky in the scattering the incoming
radiation (lderiah & Suleman, ‘1989, Kuye & Japtap, 1992). From figure 4.3.12 it is
evident that as the clearness index of the atmosphere decreases from February till May.
The TOD values and the diffuse ratio reache their maxima in March. Figure 4.3.13
shows the correlation between the clearness index and TOD at Kwangju. A negative
correlation of 0.67 was observed which represents an inverse relationship between
the TOD and the clearness index at Kwangju. The total atmospheric optical depth
(TOD) and Aerosol optical depth (AOD) at Kwangju are shown in Figure 4.3.14. The
maximum occurrence of TOD and AOD varies from season to season and result shows

that the atmospheric aerosol loading in the atmosphere at Kwangju was higher in year

64



2000 than the previous years. The maximum AOD at Kwangju in 1998, 1999 and 2000
are 0.66, 0.59 and 0.72, respectively while the maximum TOD were 0.71, 0.63 and
0.76 respectively. Figure 4.3.13 shows the daily variation of Total Atmospheric Optical
Depth at Kwangju (January — December 2000), Beijing (October-December 2000) and

Ulanbaataar (October-December 2000).
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4.4 Surface UV radiation over the Northeast Asia

4.4.1 Surface UV radiation monitoring

Table 4.4.1a and b summarize hourly mean UVB andUVA irradiance measured at
Kwangju, Korea. Figures 4.4.1a and b are the plots of the diurnal variation of UVB and
UVA irradiance at Kwangju, respectively. The maximum values of UVB and UVA
irradiance of the measurement period are 1.32 W/m? and 41.22 W/m? at noon in
August, respectively. Diurnal variations of UVB and UVA in summer months, July and
August are very similar each other as shown in Figures 4.4.1a and b. This can be
attributed to difference in total cloud cover. Even though summer solstice is closer in
July, monthly mean total cloud cover in July (6.4/10) was greater than that in August
(6.3/10) at Kwangiju.

In Table 4.4.2 and Figure 4.4.2, the diurnal variation of UVB irradiance is shown for
three months, October ~ December 2000 at Ulaanbaatar, Mongolia. Maximum’) hourly
mean occur at noon for the period. Table 4.4.3 and Figure 4.4.3 show diurnal variation
of surface UVB irradiance at Kyoto for two months, November and December 2000.
The maximum hourly mean value was observed at noon in November, and between
11:00 AM and noon in December. For Ulaanbaatar and Kyoto, the UVB measurement
will continue in the future to get long-term records of UVB irradiance.

The UV irradiances measured by UV radiometer at three sites are compared in

Figure 4.4.5.
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Table 4.4.2. Diurnal Variation of UVB irradiance in 2000 at Ulaanbaatar

unit : W/m?
Hour Oct Nov Dec
8 0.02 0.01
9 0.08 0.02 0.01
10 0.22 0.06 0.02
11 0.35 0.11 0.04
12 0.41 0.15 0.06
13 0.41 0.14 0.06
14 0.30 0.09 0.04
16 0.15 0.03 0.01
16 0.05 0.01
17 0.03
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Figure 4.4.2. Diurnal variation of UVB irradiance in 20000 at Ulaanbaatar, Mongolia
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Table 4.4.3. Diurnal variation of UVB radiation at Kyoto, Japan 2000

unit : W/m?

Time Nov Dec

7 0.000 0.007

8 0.020 0.052

9 0.103 0.139

10 0.220 0.227
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12 (5.396 0.270
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Figure 4.4.3. Diurnal variation of UVB irradiance in 2000 at Kyoto, Japan
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4.4.2 Atmospheric aerosol Impact on Surface UV lrradiance

Surface UV radiation varies with relative optical air mass. Park [1998] reported that
1% decrease in optical air mass caused 3% ~ 19% increase in surface UV radiation
increases in Seoul, Korea. Figure 4.4.5 is a scatter plot of surface UVB radiation versus
total column ozone concentration at each solar zenith angle for the data measured
during February ~ November 2000. As the relationship between surface UVB radiation
and ozone is well known it shows clear anti-correlation. The correlation coefficients
between total column ozbne and UVB irradiance are - 0.91 ~ - 0.83, which is in good
agreement with - 0.95 ~ - 0.84 of Reid et al. [1994] in New Zealand.
~ Figure 4.4.6(a) ~ (c) shows the attenuation of UV irradiance with increasing AOD. In
the figures regression lines are plotted which are based on the following equation,

1(6) = A@)e "D

where A(0), and b(€) are constants related to solar zenith angle, 1(8) is global
irradiance(in this case, global UVA and UVB irradiance), and (1) is aerosol optical
depth at wavelength A (Meleti et al., 2000). Regression constants are summarized in
Table 4.4.4. Since the surface UVB irradiance is greatly attenuated by total column
ozone, the correlation coefficients between AOD and UVA irradiance are larger than
those between AOD and UVB irradiance. The 5(8) values of UVB irradiance are
larger than those of UVB irradiance, which is same with Meleti et al. ‘s result (2000). It
means shorter wavelength radiation is more sensitive to atmospheric aeroso! loading.
Table 4.4.5 summarizes the correlation coefficients for two ozone levels, 270 DU and
350 DU confirming that the surface UVB irradiance is strongly affected by the total

column ozone. Constants A(9) and b(6) are also summarized in Table 4.4.5 for two
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cases of constant total column ozone, 270 DU and 350 DU. The b(@) also increases
with solar zenith angle since larger solar zenith angle means ionger path length to the
surface. Irradiance through longer path length is more attenuated by atmospheric
aerosol. For median AOD of 0.198, 1% increase in AOD caused 0.23 %, 0.11 %, and
0.024 % decrease in UVB irradiance, and 12.8 %, 9.0 %, and 3.5 % decrease in UVA

irradiance at solar zenith angle of 60°, 70°, and 80°, respectively.
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Table 4.4.4 Correlation constants of A(f#) and b(#), and correlation coefficients

from the exponential regression fits between the surface UV irradiance and AOD at

selected solar zenith angles.

UVA uvB

A(0) b(8) r A(B) b(8) r
60° 24.68 0.58 -0.62 0.33 0.83 -0.36
70° 14.46 0.72 -0.71 0.13 1.00 -0.43
80° 5.73 0.70 -0.71 0.03 0.96 -0.49

Table 4.4.5 Correlation coefﬁciénts(f) between AOD and UVB irradiance and

correlation constants of A4(#) and b(@) at selected total

concentrations at selected solar zenith angle

column ozone

270 DU (N=22)

350 DU (N=17)

A(6) b(6) r A6) b(0) r

60° 0.37 0.34 0.56 0.27 0.76 -0.54
70° 0.14 0.57 -0.80 0.10 0.82 -0.56
80° 0.03 0.71 0.78 0.03 0.68 -0.58
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5. CONCLUSIONS



5. Conclusions

Chemical properties of atmospheric aerosols were analyzed for the aerosol
samples collected during at Beijing,  China, Kwangju, Korea, and Kyoto, Japan.
Concentrations of mass and ion compounds were minimized in summer and
maximized in wihnter at all three measurement sites. The Asian dust from China or
Mongolia can affect the atmospheric composition over the Northeast Asia in spring. Air
mass back trajectory analysis revealed that the characteristics of aerosols were
affected by the pathway of the air mass. From the carbon analysis, the ratio»of OC to
EC has been observed to vary from 0.5 to 3.2 implying the abundance of secondary
organic carbon aerosols. Aerosol size distribution over the Kwangju, Korea and Kyoto,
Japan shows that fine fraction particle dominate in the urban atmosphere.

The atmospheric aerosol's radiative effect is an important factor that affects the
global atmospheric and ground radiative energy budget. Measurement results inthis
study show that solar radiation at Kwangju, Ulaanbaartar, and Beijing is greatly
attenuated by aerosol particles in the atmosphere as it shows a remarkable seasonal
differences in the diurnal variations of global and diffuse radiations in all three sites. At
Kwangju, the maximum and minimum daily total atmospheric optical depths were 0.84
and 0.09 in March and October, respectively. The maximum TOD in March can be
attributed to the high atmospheric aerosol loading in Kwangju in spring. The minimum
TOD in October is resulted from clean air conditions free from dust, The maximum and
minimum values of the total atmospheric optical depths at Beijing October ~ December
2000 are 0.65 and 0.17, respectively. This is in strong agreement with the findings of

earlier work [Yunfeng et al., 2000] on the characteristics of atmospheric aerosol optical
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depth variation over China in the past 30years. The maximum and minimum TOD at
Ulaanbaatar October ~ December 2000 were 0.59 and 0.04, respectively.

Two main goals of this study are 1) to monitor the surface UV radiation over the
Northeast Asia, and 2) to investigate the aerosol impact on the surface UV irradiance.
UV radiometers were installed at Kwangju Ulaanbaatar, and Kyoto to measure the
surface UV irradiance. Rotating Shadowband Radiometers (RSR) were also installed to
estimate the aerosol optical depth (AOD). Diurnal variation of the surface UVB and
UVA irradiance at Kwangju is characterized by maximum value of 1.32 W/m? and 41.22
W/m? at noon, respectively. Scatter plots of UV irradiance versus aerosol optical depth
(AOD) show anticorrelation between surface UV radiation and AOD. For median AOD
of 0.198, 1% increase in AOD caused 0.23 %, 0.11 %, and 0.024 % decrease in UVB
irradiance, and 12.8 %, 9.0 %, and 3.5 % decrease in UVA irradiance at solar zenith
angle of 60°, 70°, and 80°, respectively. Monitoring and characterizing the surface UV
radiation will continue at three sites in order to establish a long-term database for

atmospheric changes.
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