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SUMMARY

| . Title

“Studies of the mechanism of secondary formation and the effects of combustion
sources for particulate matter in the Yongin area"

II. Objectives and Significance

The urbanization of Yongin is among the fastests even in Gyeonggi Province
which is one of the fastest developing regions in Korea. Although characteristics of
particulate matter are also considered to be significantly varied, they have seldom
been studied. lonic and carbonaceous components in particulate matter (PM) are
an indicator of anthropogenic sources particularly when pollution is mainly caused
by anthropogenic emissions. Secondary materials such as SO 5 and NOs are
difficult to be controlled because their production and distribution depend not only
on meteorological variables, e.g., temperature and relative humidity, but also on
excess or deficiency of primary pollutants, e.g., volatile organic pollutants, NOx and
ammonia. Carbonaceous materials are an important constituent of smog and are
hazardous particularly when they are produced from vehicles in the form of organic
and/or nano-sized materials.

Physical and chemical properties of particulate matter in Korea are different by
season. During the episode of Asian dust the coarse fraction whose aerodynamic
diameter is between 10 uym and 2,5 um (PMio-25) is large along with comparatively
larger fraction of crustal components such as Ca®". In May and June
concentrations of secondary materials such as SO4% and NO; as well as PMs.s are
high. Although vehicular emissions are generally the most important among
combustion sources, the contributions of biomass burning and open burning are
also high in the outskirts of urban area. In this work 24-h averages of ionic and
carbonaceous components of PMiy and PM2s will be measured using filters in
order to investigate their variations in specific periods. In addition, hourly variations
in ionic components of PM2s will be measured using a particle—into—liquid sampler
(PILS) to study the mechanism of production and transformation of major
secondary materials.

I1l. Work Scope

The present work is the subsequent one of the studies of ionic components of
particulate matter in the Yonin area last year, carried out as a part of the work for
developing the management plans for particulate matter in Gyeonggi Province. As a
result, the studies of ionic components is in the second phase and the studies of
carbonaceous materials are added.

— Study of the distribution of ionic and carbonaceous materials between coarse

_iv_



and fine particles in specific periods

— Study of the mechanism of secondary formation by investigating the temporal
variation in secondary materials such as S04% and NO3~

— Study of the effects of combustion sources by investigating the variations in
organic and elemental carbons (OC and EC)

V. Results

Pariculate matter (PM) in the ambient air was measured in spring, June and
November in 2007. The spring measurements in 2008 was performed similarly with
those in 2007 but the measurement of OC and EC was added. The measurements
in June were replaced with those in the roadside in January and May. The
measurements of PM mass and OC/EC were supported by the National Institute of
Environmental Research, and those of ionic components were conducted as a part
of this work. The measurements in November in this year was started in the middle
of the month and continued to the middle of December. The analysis of ionic and
carbonaceous materials have not yet completed and the results are not contained
in the present report.

Results from the analysis of ionic components in 2007 was considered rather
unstable. Thus, the ionic components of both filter and PILS samples were
reanalyzed. Although the samples in November 2007 were not completed and there
were some variations by samples, overall results were not much different.

Asian dust (AD) events occurred two times in spring 2008. In comparison with
those in spring 2007, their effects were minimal. Therefore, PM in spring 2008 was
more influenced by secondary formation than Asian dust and was closer to that in
November 2007 than that in spring 2007. Nevertheless, even in the AD events in
spring 2008, the ratio of PMss/PMio was lowered and Ca®" in PM;o increased more
than two times. These two variables could be considered as indicator of AD
events.

Apparently, sulfate and nitrate are two major products of secondary formation.
However, the correlation between the two was not high even in November 2007
when PM was varied mainly by secondary formation. This was mainly because
ammonia was not always in excess even when ammonia was sufficient on an
average. As a result, nitrate would have volatilized whenever ammonium was not
sufficient to neutralize nitrate after neutralizing sulfate. In addition, being different
from nitrate which was sensitive to local variables, high concentration of sulfate
was generally a result from long-range transport.

OC and EC in both PMi; and PM2s were measured in spring 2008. Both
concentrations were almost identical, indicating that most EC was present in PMas.
Mean value of the OC/EC ratio approached 5. This high value of the OC/EC ratio
was estimated to be caused by the emissions from biomass burning and open
burning. The contribution of these emissions was distinct because the
measurement site was far from main roads where the effects of vehicular emission
was high. However, the contribution of secondary formation could also have been
considerable since the secondary formation was particularly active in spring 2008.

At first, it had been expected that resuspension made by car driving and fugitive
emission in the farmland and open area would be main sources of dust at the



roadside. However, decrease of EC, an indicator of vehicular emission, was also
not apparent as well as PM in the measurement of January. EC decreased more in
May; the rate of decrease was not sufficient compared with the amount that had
been expected.

The contribution of biomass burning was generally high. The contribution of open
burning was also high in January. Both biomass burning and open burning affected
the variations in OC and EC as well as PM. In May, although photochemical
reactions were active, secondary formation was suppressed at the roadside
because of high concentration of NO. As a result, PM.s increased with distance
from the road.

V. Application of the Results

Results from the present work can be primarily used to identify major factors for
managing PM in Cheoin—gu, Yongin—si in which the urbanization is still in progress.
If major sources of PM are in the adjacent area they can be controlled on that
site. However, if considerable amount of PM is resulted from long range transport
from the outside, control of the sources in the upwind region can be claimed.
However, in order to get a satisfactory result, the sufferer should identify which
sources how much affect them with sufficient accuracy so that the injurer can
agree.

The effects of primary sources such as fugitive emission, biomass burning and
open burning are not so distant. On the other hand, the secondary formation can
be resulted from the emissions several ten or hundred km away. The farther, the
more difficult to identify sources and to claim the liability. However, the nearer the
sources, their effects will be more direct. In case of Yongin, it is necessary to
examine the effects of emissions in the Seoul metropolitan area since Yongin is
located in its downwind side.

PM is made of numerous ingredients. PM in spring and PM in fall cannot be
same even though they are called just PM. Measures to different materials should
be different. Although the effects of combustion sources on PM were studied, their
risks were not assessed. It could be a subject of future study.
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