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Aerosol Hygroscopicity on A Single Particle Level Using Microscopic and Spectroscopic Techniques: A Review

Li Wi, Chul-Un Ro™ « ¢ s v o eenennenesnenatnneneeneeacancnenns

ABSTRACT

Studies on the hygroscopic properties of aerosol particles can
provide critical insights into important aerosol properties such
as (1) alteration of aerodynamic properties; (2) cloud-droplet
nucleation efficiency; (3) optical properties; and (4)
physicochemical changes through complex heterogeneous
chemical reactions with atmospheric gas-phase species.
Investigations of the hygroscopic properties have been carried
out using various analytical techniques for individual or bulk
aerosol particles with deviating chemical compositions. Solid

information on the hygroscopic properties, morphology, and
chemical composition of airborne particles on a micrometer
scale can be achieved by using a single particle approach. In
this short review, recent microscopic (such as optical
microscope, atomic force microscopy, environmental SEM
and TEM, and scanning transmission X-ray microscopy) and
spectroscopic (including Raman microspectrometry, FTIR
spectroscopy, and their combination with levitation
techniques) studies of hygroscopicity of aerosol particles on a
single particle level are provided.

Personal Exposure to PM, 5 in the Massive Transport System of Bogota and Medellin, Colombia

Maria Paula Castillo-Camacho, Isabel Cristina Tunarrosa-Grisales, Lina Maria Chacon-Rivera, Marco Andrés Guevara-Luna, Luis Carlos Belalcazar-Ceron*

........................................................

ABSTRACT

Recent studies have shown that public transport users can be
exposed to high levels of pollution emitted from their own
vehicles and nearby sources. The purpose of this research is
to determine the personal exposure of passengers to PM,;
inside the vehicles of the massive public transport of two of
the main and more populated cities of Colombia, Bogota and
Medellin. TM (TransMilenio powered by diesel) and SITVA
(electric and gas natural vehicles) were the systems studied.
Were evaluated the integration of new vehicles with
technologies Euro V and Euro VI in the TM system, the
impact of the weekend effect on personal exposure into
public transport (TM and SITVA), and the possible
differences between personal exposure regarding the ways of
the systems (mixed lane or exclusive lane for TM and

SITVA). To measure PM,s levels, a DustTrak monitor
previously calibrated was wused. This measurement
campaigns lasted for more than 80 hours and a mean of
17000 data of PM, s concentrations were obtained for each
route. The personal dose was calculated based on the
recorded data. The mean PM,s concentrations and personal
dose found in the research for TM are 167 pg/m?® and 2.3 pg/
min, respectively, while, for SITVA they are 41 pg/m* and
0.53 pg/min, respectively. Therefore, SITVA users have a 5
times lower personal exposure to PM,s than TM users. It
was also found that due to the poor proportion of new TM
vehicles during the monitoring period, the personal exposure
in the old vehicles and in the new ones is similar. In the case
of SITVA, it was evidenced that the mixed lane contributes
to a high personal exposure to PM, 5 than the exclusive one.

Integration of Traffic Management and an Artificial Intelligence to Evaluate Urban Air Quality

Mohammad K. Younes®, Ghassan Sulaiman, Ali Al-Mashni««««++«--

ABSTRACT

Emissions from motor vehicles are the primary source of air
pollution, especially in congested urban centres. However,
through effective traffic management, it has been found that
the level of pollution can be significantly reduced, facilitating
the mobility of urban arterials. This study aims to quantify the
extent of traffic emissions and to identify the influence of
traffic management to improve air quality and reducing traffic
emissions. An Adaptive Neuro-Fuzzy Inference System
(ANFIS) model was developed to estimate the extent of traffic
emissions (NO, and PM,,) at certain intersections. Then, a
traffic management simulation software was also used to

................................................... .225

simulate traffic and to build a traffic improvement scenario at
these intersections. This was followed by measuring the
improvement in air quality due to traffic management
modification, analysed using the developed ANFIS model.
The results showed that reducing the delay at certain
intersections may reduce NO, and PM,, significantly. The
proposed hybrid model increased the forecasting accuracy and
improved the perception between the relationship between
traffic characteristics and pollutant emissions. Additionally, it
facilitates the work of city planners and helps decision making
regarding urban air quality.
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Emissions of Volatile Organic Compounds from a Hen Shed in Japan

Nobuyuki Tanaka®, Megumi Ohtsu, Akane Miyazaki««««««««eeceees

ABSTRACT

To clarify the emissions of volatile organic compounds
(VOCs) from hen rearing in Japan, we collected air samples
from inside a hen shed for the four seasons in 2019 and
analyzed 34 VOCs in the air samples by gas
chromatography-mass spectrometry and high performance
liquid chromatography. The temperature and humidity inside
and outside of the shed were monitored simultaneously
during each sampling campaign. The average concentrations
of VOCs in the shed ranged from 150 to 427 ugm°, the
concentrations being higher in summer and lower in winter.
Acetone, dimethyl sulfide, 2-butanone, 2-pentanone, and
acetic acid were dominant throughout all the seasons and
these five compounds accounted for 70-89% of the total
VOCs. The reactivity of each VOC with hydroxyl radical
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was also calculated and dimethyl sulfide was found to be the
most reactive VOC, accounting for 84-94% of the total
hydroxyl radical reactivity. The emission rate (ER) for the
total VOCs (ug h™' kg™ ') was 602 in winter, 7,900 in spring,
46,500 in summer and 37,600 in autumn, respectively.
Acetone, dimethyl sulfide, 2-butanone, 3-pentanone and
acetic acid had higher ERs throughout all the seasons, and
these five components accounted for 70-90% of the ERs for
the total VOCs. The ERs of the VOCs increased
exponentially in accord with temperature increases inside the
shed, indicating that the ERs of the VOCs depended on the
ambient temperature. The annual VOC emission from one
hen and from the hen shed was calculated to be 405 g y '
and 121 kg y ', respectively.
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Air Quality Variation in Daegu, Korea During the Outbreak of COVID-19 and its Health Risk Assessment

Chang-Jin Ma*, Gong-Unn Kang ««««««+cececececacasasesenenes

ABSTRACT

Coronavirus disease 2019 (COVID-19), first reported in
Wuhan, China, became pandemic in less than two months,
and Korea was no exception. Daegu Metropolitan City, in
particular, has become the center of the explosive outbreak
in Korea. In this study, we evaluated how the air quality of
Daegu Metropolitan City varied when people were fighting
the spread of COVID-19. In concretely, we tried to estimate
the air quality variation with the trend of COVID-19 in
Daegu Metropolitan City based on the measured data at
hourly intervals from two air quality monitoring stations
(AQMSs) (see Fig. 2). In addition, we quantitatively
assessed the positive health effects of improved air quality
from fighting against COVID-19. Compared to the
concentration in the same period of 2019, the PM,;
measured at the ambient AQMS decreased by 36.7, 22.5, and

37.6% respectively in January, February, and March.
Meanwhile, those at the road side AQMS were 39.9, 23.7,
and 40.3% in January, February, and March, respectively.
The decreasing trend was not shown in April. Along with the
floating population, the concentration of NO, at the road side
AQMS decreased from 49.9 ppb to 32.7 ppb, indicating that
the reduction rate was 34.5%. The summed concentration of
seven hazardous metals decreased by 27.4% in February
2020 compared to 2019. Among them, lead showed the
biggest drop to 43.4% in 2002 compared to 2019. The
exposure of PM,s, DosePM,s (ug), during 60 days of self-
reflection for 10-year-old children has decreased by 29.6%
compared to that in the same period of 2019. The results of
adult females and males also show 27.8% and 29.5%
decrease, respectively.
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Impact Comparison of Synoptic Meteorology and Nationwide/local Emissions on the Seoul Metropolitan
Area during High PM Multi-event and Non-event Days

11-Soo Park, Moon-Soo Park™, Yu Woon Jang, Hyeon-Kook Kim, Chang-Keun Song, Jeffrey S. Owen, Sang-Heon Kim, Chang-Rae Cho,

Cheol-Hee Kim e eseeoeeeeecceeceecsecsecsscsscssonssosssnnns

ABSTRACT

Meteorology and emissions play very important roles in the
concentrations of air pollutants during severe haze/smog
periods. This study compares the impacts of synoptic
meteorology and nationwide/local emissions during high
PM,, multi-event and non-event days in the Seoul
Metropolitan Area (SMA). The multi-event and non-event
cases were selected based on daily mean PM;,
concentrations in Seoul from January 2014 to March 2019.
The multi-event cases in spring and winter were closely
associated with weak synoptic winds, while that in autumn
was due to the strong winds at the rear side of a strong cold
front, which induced the Asian dust event in northeastern

China and Korea. The multi-event case in spring was found
to be mainly due to series of migratory anticyclones, while
winter case was due to the stagnant system after northerly
winds. The surrounding low pressure systems as well as high
pressure systems could be important to determine whether
the synoptic systems would be stagnant or not. The fractional
contributions of SMA emissions to the mean PM,, and PM, s
concentrations were 24%-35% and 22%-35% for the multi-
event cases, respectively. The contributions to the maximum
PM,, and PM, s concentrations were larger than those to the
mean concentrations by 16%-23% and 19%-26% for the
multi-event cases, respectively.

A Study of Canopy Urban Heat Island of Baghdad, Iraq
Yasmin Q. Tawfeek, Farah Hasseb Jasim, Monim H. Al-JIDOOri e e e e e e s eeeeeeesssssssseccecccsssssssssssssssssssssnnne <280

ABSTRACT

Based on different two sets of data such as Landsat satellite
imageries and daily air temperatures at 2 m high, canopy
urban heat island (CUHI) phenomenon was investigated over
Baghdad city for time span of three years: 2008, 2013 and
2019. The detection of changes in built-up areas was carried
out to extract built-up index using ArcGIS 10.4.1 software
with an overall accuracy of 94%. The results show that the
built-up areas in the surface of the city have been increased
from 621.7 km? in 2008 to 727.3 km” in 2019. This increase
with high population density produced adverse thermal
effects on atmospheric environment represented by CUHI.

This was verified by analyzing daily, season and annual
means of air temperature at the same years above measured
at two different places: 1) urban site located at city center
(Mustansiriyah University) and 2) rural site at the
countryside of the city (International Baghdad Airport).
Using the difference in daily temperatures between the two
sites, the intensity of CUHI is computed. The results showed
that the maximum daily CUHI is found in summer month
(July) in 2019 with value 3.4C, while the annual means are
ranged from 1.5 (in both 2008 and 2013) to 2.4C (in 2019).
Finally, CUHI intensity is related with population density
and built-up index in nonlinear variation.
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Annular Solar Eclipse on 26 December 2019 and its Effect on Trace Pollutant Concentrations and
Meteorological Parameters in Kannur, India: a Coastal City

Resmi CT, Nishanth T*, Satheesh Kumar MK, Balachandramohan M, Valsaraj KT« ==« eececeeeecceeeeetetttinnnnnnneenennns +289

ABSTRACT

This paper highlights the variations of surface ozone (O;),
total column ozone (TCO), oxides of nitrogen (NO and
NO,), carbon monoxide (CO), sulphur dioxide (SO,),
ammonia (NHj;), volatile organic compounds (Benzene,
Tolune, Ethyle Benzene, Xylenes (collectively called
BTEX)). particulate matters (PM,, and PM,s), and
meteorological parameters at the time of an annular solar
eclipse on 26 December 2019 at Kannur town in Kerala,
South India. The maximum solar obscuration has resulted a
decrease in solar radiation by 93%, air temperature by
16.3%, wind speed by 36.1% and an increase in relative
humidity by 27.1% at this coastal location. Along with the
reduction in solar radiation, the concentration of surface O;
(61.5%) and total column O; (11.8%) have been observed to

decrease at the maximum phase of solar eclipse. CO and
NO, concentration were found to be increased by 28.9% and
42.2%, respectively, while NO exhibited its typical diurnal
variation. Further, a decrease in concentrations of SO, by
17.6%, PM;, by 18.5%, and PM, 5 by 11.3% were observed.
NH; and BTEX were found to be higher than 11.3% and
22.6% of the concentrations in control days. All of these
deviated parameters could be seen returning to their normal
state after completing the eclipse episode. The variation of
photodissociation coefficient j(NO,) values were
theoretically calculated from the observed data, which shows
a good agreement with the model simulated j(NO,)
reduction. This is an extensive second observation on the
variation of trace pollutants on solar eclipse, after the partial
solar eclipse observed on 15 January 2010 at Kannur.

Semi-continuous Measurements of Water-soluble Organic Carbon and Ionic Composition of PM,; in
Baengnyeong Island during the 2016 KORUS-AQ (Korea-United States Air Quality Study)

Seokwon Kang, Gyutae Park, Tachyun Park, Jihee Ban, Kyunghoon Kim, Youngkyo Seo, Jinyoung Choi, Seokjun Seo, Jinsoo Choi, Min-Suk

Bae, Tachyoung Lee™ ««cceeeevneeeeeeeeeetieennniiinnnnnn.

ABSTRACT

This study characterized the water-soluble organic carbon
(WSOC) and ionic components of PM, s (particles less than
2.5um in diameter) from April to June 2016, at
Baengnyeong Island The study utilized a particle-into-liquid
sampler (PILS) coupled with a total organic carbon (TOC)
analyzer and ion chromatography (PILS-TOC-IC). The PM, 5
mean concentration in this study was 23.8+16.7 ug m*, and
the mean of WSOC concentration was 1.6+1.5 ug m . Ionic
compounds increased by 3.8% in the period in which the air
quality standard of PM, s (35 pg m ) was exceeded because
the concentration of ionic components increased due to
generation by chemical reactions and emissions from a
primary source in a nearby urban area. The wind direction
and speed were mostly in the northwest and southwest
directions and the higher concentration of PM,s was also
shown in the same directions. In comparison with the
previous study, the WSOC/OC ratio was 0.5+0.3 in

Baengnyeong Island, which was higher than that at roadside
and urban sites and lower than at the background site
(Sweden, Aspvreten). It was considered that insoluble OC
constituted a major proportion of primary OC that was
emitted in urban areas, and the higher WSOC/OC ratios of
rural and background sites were affected by inflow. The ratio
of nitrate and sulfate in Baengnyeong Island was lower than
urban areas in China in other studies, because of emitted
aerosols from coal combustion or vehicle emission. The
results indicate that Baengnyeong Island was affected by
formation of secondary aerosols by chemical reactions and
inflow from China as well as domestic emissions. The slope
of HY%o/SO;~ in Baengnyeong Island was 0.079, which
was a result of neutralized particle acidity in ambient air. The
molar ratio of nitrate and ammonium with sulfate in
Baengnyeong Island showed ammonium-rich conditions
because ammonium nitrate was increased to homogeneous
reaction of ammonia and nitric acid in the gas-phase.
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Advancing Exposure Assessment of PM, ;s Using Satellite Remote Sensing: A Review

Hyung JOO Lee* « « s e e e eennnneeseeeeeeeennnsssseeeeenannnnns

ABSTRACT

Epidemiological studies have reported the associations of
adverse health outcomes with ambient particulate matter
with aerodynamic diameter <2.5 um (PM,s). While these
studies have accumulated increasingly refined evidence on
PM, s-health associations, the needs for more advanced PM, s
exposure models have also grown. For the last two decades,
PM, s estimation approaches using satellite remote sensing
have been developed and advanced, taking advantage of
quantitative aerosol data (e.g., aerosol optical depth; AOD),
the development of satellite instruments and data retrieval
algorithms, and the application of statistical and machine
learning techniques. Subsequently, the satellite-based PM, s

concentrations have contributed to health effect studies by
providing spatially resolved exposure estimates of ambient
PM,;s and thus reducing exposure misclassification. This
article summarizes previous development and recent
advancement of satellite-based PM, s exposure assessment in
the context of satellite acrosol products and PM, s estimation
methodologies. Furthermore, this article deals with enhanced
satellite capabilities of generating the exposure estimates of
PM,s composition and time-resolved PM,s. Finally, the
future directions of satellite-based exposure assessment are
discussed based on research needs and the satellite remote
sensing technology of addressing them.

Visibility Degradation and Its Contributors at an Urban Site in Korea

Chang_Jin Ma*, Cheol-Soo le, Gong_Unn Kang, Sun-A Jung) Mi-RaJOoeceeeeeeeeeeeeeeeeeeeeeeeccconcssosccsonscsnsssonsns -335

ABSTRACT

In order to provide a better knowledge of visibility
degradation during the PM, s event day (episodic high PM, s
level, hereafter called as “event day”), the relationship
between visibility and the chemical species of PM,;
measured in Gwangju, Korea was estimated. Moreover, a
visibility forecasting model was constructed by a statistical
approach. The diurnal variation of visibility and PM,;
concentration on the event day indicated that as the
concentration of PM,; increased, more light was absorbed
and scattered, resulting in visibility deterioration. The
averaged visibility during the event day was 7.9 km, which
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was almost three times lower than that observed during a
non-event day. Although the hygroscopic growth of aerosol
was not considered in this study, it has been proved that
NH,NO; and organics dominantly contributed to the light
scattering during the PM,s event day in Gwangju, Korea.
The visibility determined in this study had also a negative
correlation with PM,,, nitrate, relative humidity, EC, OC,
and sulfate. Meanwhile, visibility was positively linked with
wind speed and temperature. The results of interrelationship
and a multiple regression model suggest that among the
meteorological variables, temperature was the main variable
that influenced visibility.
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Size Distribution of Atmospheric Particles: 40-Year Trends and 20-Year Comparisons of Chemical
Constituents between Residential and Roadside Areas in Osaka City, Japan

Kunihiro Funasaka™, Keiko Masumoto, Daichi Asakawa, Satoshi Kaneco ==« «esssssessseeeteteenneenttttsossseeccccannnns +345

ABSTRACT

Long-term observational data for the size distributions and
particulate chemical components have been summarized to
understand the past and current particulate conditions in
Osaka City. The positive matrix factorization (PMF) method
was also applied to estimate the source changes. The
observational data obtained using Andersen cascade impactors
reveals that for the 40 years from fiscal year (FY) 1976 to
2015, there was a 70% reduction in PMg, (less than 2.1 um of
the aerodynamic diameter) and 76% reduction in PM e
(over 2.1 um). These correspond to a 71% and 74 % reduction
in PM, 5 (particulate matter less than 2.5 pm in diameter) and
PM,o,s, respectively. From the continuous chemical
measurements made in this study, we observed a more than
50% reduction in coarse particulate elemental carbon (EC),
SO}, NHj, Zn, Pb, and Cd, commonly in residential and
roadside areas, over the last 20 years. Similarly, the level of
the fine particulate EC, Ca?", Cl~, Zn, Mg*", Pb, and Cd was

[RIER T #R]

reduced by more than 50%. Notably, the results of the
particulate component analysis of ECg,. show a typical
reduction of 73%-79% for 20 years, and this is the main
component contributing to the reduction of atmospheric
particulate concentration. However, there seems to have been
no apparent reduction of Vg, concentrations, SO3 4. showed a
relatively low reduction of 19% to 26%, and NHj . levels
fell by 14% to 21% in 20 years. Since fine sulfate and
ammonium have similar behaviors, ammonium sulfate is
considered to be a secondary particle aerosol because of long-
range transportation. The PMF analysis still estimates a high
contribution rate of secondary particles, which is one of the
current problems. In contrast, although vanadium is a minor
element, it is likely to be generated from harbor areas with
ships because they are susceptible to the prevailing sea breeze
in summer. Therefore, in the future, it will be necessary to
scrutinize and take countermeasures not only for long-range
transportation but also for domestic sources.
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Dry Deposition of PM, s Nitrate in a Forest according to Vertical Profile Measurements

Mao Xu, Kazuhide Matsuda™ « e eeeeeeeeeeeennneiennneeennnn.

ABSTRACT

The atmospheric nitrogen compounds can serve as a nutrient;
however, its excess deposition has harmful effects on
terrestrial ecosystems due to acidification and eutrophication.
There are still large uncertainties concerning the dry
deposition process of PM,; nitrate in forests, even though
this process affects the accuracy of chemical transport model
simulations. To better understand this process, we conducted
vertical profile measurements of inorganic ions in PM, s and
SO, above and within a forest canopy in the Field Museum
Tamakyuryo site in suburban Tokyo with a particular focus
on the processes observed under both daytime and nighttime
and both leafy and leafless conditions. We performed two
observations during leafy periods (July 21-August 1, 2015,
and September 27-October 11, 2016) and one observation
during a leafless period (February 23-29, 2016). To obtain
daytime and nighttime vertical profiles, we set filter holders

at 4 or 5 heights on an observation tower in the forest and
changed the filters for each daytime and nighttime. For the
PM,;, the vertical gradients of NO; concentration were
larger than those of SO;  during both the daytime and
nighttime for all observational periods, particularly during
the leafy periods. In addition, the decreasing rate of NO; in
the PM, s within the canopy was larger than that of SO, for
some observational periods. In the daytime, the air
temperature was higher near the canopy surface during the
leafy period and near the ground surface during the leafless
period. As also suggested by past studies, the large gradients
of NO; in the PM,;s during the leafy period were likely
caused by the volatilization of NH,;NO; near the deposition
surfaces due to the higher temperature in the daytime and the
lower concentration of HNO; caused by its fast removal
during both the daytime and nighttime.
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COVID-19 Lockdown: Impact on Air Quality of Three Metro Cities in India

Ashu Chhikara™, Naveen Kumar+««««cceeeeeceeeceeeaaeeennn.

ABSTRACT

Covid-19 health pandemic resulted in nationwide lockdown
in India. With the closure of almost everything from
educational institutions to industries less no of vehicles came
out on roads. As the vehicular emission is one of the reasons
of higher rate of pollution in metro cities so this step of
lockdown has shown positive impact on environment with
decrease in pollution level. Despite various attempts made
by the government over the last few years nothing proved
fruitful but this forced decision has shown some great
results. We have analysed the changes in the quality of air
during lockdown period from 25th March to 30th April,

2020 over pre-lockdown period from 1st March to 24th
March, 2020 of Delhi, Mumbai and Kolkata which are the
polluted cities of India. Seven air pollutants PM, s, PM,,, O,
CO, SO,, NH;, and NO, have been used to calculate Air
Quality Index (AQI) to see the changes in quality of air. The
results showed that due to lockdown concentration of various
pollutants PM, s, PM;, and NO, has decreased significantly.
There is a heavy reduction of 42.27%, 69.28% and 74.80%
in concentration of NO, in Delhi, Mumbai and Kolkata
respectively. It has been deduced from change in AQI values
that there is a significant improvement in quality of air
during lockdown in Delhi, Mumbai and Kolkata.

Subcategories Multiple Uses of Land Recognized by Land Use and Land Cover Classification System Using
LISS-IIT and NRSC Enumerate Data: Case Study at Medchal Mandal, Hyderabad, India

D. Naresh Kumar®, T. Madhu =« «+ceeeeeeeeeeeenaneeeneeenann.

ABSTRACT

Recognition of compound land possessions in Mandal level
often produces complex in precisely classifying land use and
land cover (LULC) characteristics. A renovated village, as an
Infrastructure development ought to adequate information on
several aspects of its performance in direct to compose
verdict. LULC is merely a solitary such aspect, to increase
significance to conquer problems of declining environmental
quality, farmlands, degradation of wetlands, the slaughter of
wildlife territory, and water bodies. LISS-III (Linear
Integrated self-scanning) images and NRSC (National
Remote Sensing Centre) catalog improve LULC
classification accuracy at the Mandal level. The results of
this investigation reveal that five categories are occupied a
large area, followed by build-up land, cropland, forest,

industries, and water bodies, (13%, 26%, 9%, 10%, and
13%). The highest contribution is cropland and the lowest
contribution is forest land. The unobstructedly available a
large amount of satellite data conceding for monitoring of
existing land features on a large scale. Cluster-I division
contains more dominated LULC categorised villages such as
Ravalkole, Gundlapochampally, Medchal, and Sreerangavam
villages. LULC classification data applied for investigation
of environmental sustainability and problems. This research
has been recommended and support for implement rainwater
harvesting structures for recharge of groundwater or
collection of water in this Medchal Mandal and develop
mobile education, higher education institutes, and small-
scale industries in villages.
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Application of Chemical Ionization Mass Spectrometry in Airborne SO, Observation on Hanseo Beechcraft

1900 D

Jinsoo Park, Jinsoo Choi, Kwangjoo Moon, Danbi Kim, Hyun-Jae Kim, Joonyoung Ahn, Sangwook Lee, Beom-Keun Seo, Jongho Kim,

Soobog Park, Saewung Kim™ e eeeeeeeeeeennniiiiiiiinnnn..

ABSTRACT

As the observational constraints of SO, become a limiting
factor for emission inventory and regional and global
transport model validations, we present an airborne SO,
observational suite integrated on Beechcraft 1900D
(B1900D) operated by Hanseo University. A chemical
ionization mass spectrometry (CIMS) technique using SFg
ion chemistry is used to take advantage of fast response
(<1Hz) and the low limit of detection (30 ppt). In this
study, we describe the performance of the CIMS system on

................................................... 413

B1900D along with descriptions on the modified airborne
platform. Furthermore, exemplary observational results
around point sources such as a steel production facility and a
petrochemical industrial facility in the Tacahn Peninsula in
South Korea. In addition, an observational result over the
Yellow Sea is presented to demonstrate the ability of the
instrumentation to capture pollution transport from the
continent. Overall, the performance of the airborne CIMS
system for SO, is well demonstrated for future air quality
studies.

Analysis of the National Air Pollutant Emission Inventory (CAPSS 2016) and the Major Cause of Change in

Republic of Korea

Seong-woo Choi, Taekyu Kim, Hyang-kyeong Lee, Hyung-cheon Kim, Jihyun Han, Kyoung-bin Lee, Eun-hyouck Lim, Sang-ho Shin, Hyung-

ah Jin, Eugene Cho, Young-min Kim, Chul Yoo™ ++++seeeeeecceenn.

ABSTRACT

In 2016, air pollutant emissions in the Republic of Korea
were 795,044 metric tons (hereafter tons) of CO, 1,248,309
tons of NO,, 358,951 tons of SO,, 611,539 tons of TSP,
233,085 tons of PM,, 100,247 tons of PM, s, 16,401 tons of
BC, 1,024,029 tons of VOCs, and 301,301 tons of NH.
Including energy production, thirteen emission sources,
which comprise the national air pollutant emission inventory,
were classified by their characteristics into five sectors
(Energy, Industry, Road, Non-road, and Everyday Activities
and Other Emission Sources) to analyze their relative
contributions to the national emissions. Specifically, their
contributions by pollutant were as follows: NO, (11.0%),
SO, (21.9%), PM;5 (3.2%), VOCs (0.8%), NH; (0.5%) from
the energy sector; NO, (20.2%), SOy (59.7%), PM,;s
(42.1%), VOCs (24.3%), and NH; (14.4%) from the
industry sector; NOy (36.3%), SO, (0.1%), PM,s (9.7%),

VOCs (4.6%), and NH; (1.7%) from the road sector; NO,
(24.8%), SO (11.5%), PM,5 (14.3%), VOCs (4.0%), and
NH; (0.04%) from the non-road sector; and NO, (7.6%),
SO, (6.7%), PM,s (30.6%), VOCs (66.3%), and NH;
(83.4%) from the everyday activities and other emission
sources sector. The data we calculate are used as official
national emissions data for the establishment,
implementation, and assessment of national atmospheric
environment policy to improve air quality. As critical and
necessary materials, the data are also utilized on a wide
range of studies on policies such as customized regional
particulate matter reduction measures. Thus, it is crucial to
estimate highly reliable national emissions by enhancing the
emissions factors and inventory and to establish a scientific
emissions testing system by using air quality modeling and
satellite data.



ARRBEZRHE $£665 H25 (2021) N25

REGTE

I

[RERREETV Y]

(TR <R TP IE

A B, RS —

fili #%: 6,200 FI+%E

HRcrt - AR kU (2021 451 26 H) 320 =2
ISBN: 9784627291010

st ELBREINIZET  KIEFIE

KEBE - RKEBERSTICBWTRAREET) Vv 7]
fEY I 2= 3 i34 h Tdn b Wil FE - M
V=V THb, KRFREOBRICER, A h = X LFH, R
T, BORRHMI R & L, FOWMHIRIAHEHIZ RS, 25
A KFERAMBIEROD, & L TSR EBLH
BHEIZTHOD, LI SLBENPINTTEN o2, £
DEDBPT, 30U EOEFTUROBKE YA L. KA
BREET VIR ) — K9 258 05 L 2 FR L oA
Fah,

FAE TIZ 2000 SELARE. RAGRSDBEOBMEE T v 7
AIEHITIE L 720 2007 4E5 IS E TRA L2 miE 4
VB 2009 4FE O UNRLTIRY B PM,s (BT B KAUBR
BEHAEDFE. 2013 SEMTD PMLs iR LD, Z0%E
DHREL T 5720 FFIT, ZIRKRRGRTH B4V 7% PM,s
ERRET D720, AL E S L EEE 7V (b
ETV) D T HBORMTH LHDHN Y =V & o
T2o FIITHES T LR E STV ORIEE - FIHE (b
W%ET T T —) PWRIGD, T2 TFVO[MAHEE D BN
L7720 —H. ALZFEREF VO BEIMRHIZETHIZLE A
CiEd, MEBTREMTH 72720, TF T —HHE MR
BELEELEVIRRIEDH 5720 ZDO X BT, KEOEF
N T Ty Ry 7 AL LTHATAZEICLY, v
AR E MRS 72r —AB WA ENE L) otz EBIT, 2
NPLEFNVE/NTV, EFNVIZOVWTRFETHR
W, Vo 2GAIS. FEF o BRI EDN R K Ho 2R T
BELORGBEFEHEL L VDO TIIRWES I D EED
ZO—ANTHY, RFETRAEEET NV ERZT2RFICZDO X
) HREEE DD, TOX)BRPFIIBVWT, KEEZETFTILOF)
DEDPLEMEFE TRVIRICEDTF AN TH 5,

REZ, BT V7 OREEED SEHEHAN, TV RS 72
IS F TRERE 2385 THNDB L) IZ3 TR S hTw b,
LR SR
KEBREETY v 7L i3—BUEE TE Rk
KA & YR o R 7 X
KEALZA S D FAE L £ 7 11b
KAETLT O IVOYH - (b5 mFE
RENG AR

WD AW N =

@

SUIEPOUI JUSUIUOIIATS OLISUdSOuny

SALER BT S

6 ALEFHE T TV ORI & Bl

7 ALHEEEE TN OF T E TNV
L SR

8 ALFEEE TN DISH—T V7 A7 — IV OffE#T

9 EWOETY v LN

10 bk 7 & 57— % [H1L

BIETIE, BF I -2k o TUEL KRGS - KW
EREET) v OREE DI YR T LHHL TV D, HII
TRIEAL 2 TV Bl o 22 BUER IS L Tl TB LR
EEAN AR T ALFERTET VKT 5388 - W
% G - IERE L EOF TEFNVIZOWT, B
FEHMIZHIAE N TV D, 8 LIRS & LTl o0
S5NTHBY., 7IT7 AT —VORZIELROWBHF, HHEF
VOIS B 7 — & FALORERK & ALEHE T TV~ D
ISHBIAHBWENT VS, TOFMEHTIE, E1 LT
RWMENAETVOBAPEAKWICED LY ITTEHENS
PHAREINTED, Ihh S LFWEETNVONIEE BigS
W EDBEI R LEBDPESL RENTWD, 10 T,
BB O T L CH B 7 — & HLTFEORA
BHRBEA~OBARN BB L) T EH SN TW»
5o
REXDAPZRAOEEIL, [ZD L) BARDH - EHAL
IS L Twiud, BAE O LS R E T VRIS - L
ATWEDOTE WA Enw)ZTETHL, LrL, 05
TOHEL B (LFREET T =1L o> TREBFIZ A G OIS
WKHBRETDOTHS ) INPHEFNVEHOCTWHLLE I
REZHDIZAL—RIZEFNVOMFICRORADBEASS,
ETFTT =TIV, [BIED LD 2T ThH L5 0% E
TN DWTHY 72WEMEIZIE, ETIVORENHT S
ThHsH9Ho Tz BIFEEICE - T, REGEROILF: -
YRR T A2 HESET I — O M TEHINTBEY,
AEZHELTEFTS —LOMENELTHS I,
ARENEDE OLFHE T T ¥ S ORBICEL K e Hk%E
THILEIMETH L, RKABEBEFZOETORRIZRIE—
EBED L7,



N26 J. Jpn. Soc. Atmos. Environ. Vol. 56 No. 2 (2021)

XaB7= &b
®

BEXBEDF— L=V H TELEE N,
A= L= (http://www.jsae-net.org/) |2V ¥ 7 03HY £,

BER [PM,s ERLEARIBFROER & RE]
DEMS5E

FoofE RGBSR SRS T R B 2
e B BT R SCBRBE ) S A A% 2 s IR B
e
H B 4343016 H (K) 13:30~16:00
Y i Zoomll Xk A F T4 VB
AV AN
1. BEHEHICBIIZ2PMuOF Y5275 ) -2 g v~
PI30EED F LD~
PEREFHRIC (Wi R RS » 4 —)
2. ZRAITa VI EEFRATGG L OBEIZ DWW T
g £IX (E BREENTZERT)
3. AWEFEHEETEAERICED O 4 v FOSHER &
WA FEIN (B KRSE)
M ZINEE
WA IFOURLY S, K. FiE. diigdks. |89
KEEX AN LTBHLARLZESV, $H, 4
Ho#ERiH ) v 27 (ID. /827 — &%) 2Bk
LET. (FYI3A13H (I))o
HijA&%E(URL): https:/arcg.is/qz1fb

Mo W RREER AR v 5 — RfFE—
S TR A v 5 — IR

E-mail: jsae.kanto@gmail.com

FTMEERRIBHEIOEHMS

H B AFI34E5 028 H (4) 13:00~16:30

BAfie )ik Mg

F—<-7arss (R):

R DR % B KA SRBH M

<A ra75AFy 7 OBIK

AR B3 2 BIR & KRR GP 1k otk

FEIZ X B REBBAN O

. RBEEENC X B KREBBEANOEE

B sngmEe GlaERREHSSGAES D F9)
KEEMIIR B L OF— 2=V TBASEL T,

Ll

FRER

FEZEOEMS €
—RARBES BT BREHAEL £ L —

BE: 20204F 12 H22 H (PK) 15:00~17:10

it zoom % Fv> 7z web 235
FRHER SR T 2R 50 H F 12 zoom % R L 72 28 Bl a4 &
IR ML F Lz, AREEHS T B REE
eI O MM ED S [PRTR & HERKIG W €=
)T DT =8 % ARG RIORGE], B H
RO ZE T O IEH AL S [ZFMERATHICB T S
PM,s E MR EO RN L EL - THWEHE2HE L
oo B 5L BUIH OB T — 7 123D W 22 TS 5 2 K
LTBY, BAOHLINAETL. BHIE, KFM T BRE
WFgerT 22 &, 63 MIFRDERL TT6 4 % #8 2 5 A& 12 T3
W E, R ERKIESfTTbOINE L, THEWAEN
AT EBmE BRI, DL BILEL EIFE .
TERAEIIE, BERZEDTC3ISHOBMEET L. 4
M2 O SHRIGE) & 6l MRFABBEFRFERITOVWTT
Wt 2T L3kT, AHIBAEE O ERIEE R, RIS A
DB TTEIZOVWTTHIm W& E L

W m

pli ]

AFRCEBEEIFT-—OEMS €

ZA P REIGRWE L itw - T & b DR
H W AFI34E3 H25H (K) 14:30~17:00
IR ZoomIZ Xk B4 ¥ 54 VM
Ta7 g N
1. REUGEWE &bl - 1 &b Ot
& EREPHEIC DWW T
BRI CGRFRS:)
2. RRIGYWE &bl - 7 &b OfEsgE:
LT LIVF—JERIZOWT
BRAET IR OEHRS)
0 e
SHHRA: BINTHLOTIE3H23H (K) FTIEHKSE
7K # )& 52 mizukoshi@med.kindai.ac.jp ¥ T Z i
HrBEWWZLET,



ARBRRFRE 5

HRE [REEHRUVARBROEMZE]
DEMSE

H K 202145021 H (&) 13:00~16:00
2 W EwE - MHEoNA T v FER (GHORIIE -
TEET2WEEYEH ) £7)

(EkE) ZOOM (Hebe /7 i S A E 12 )

ORF T ) KBRS LB B bR K EAR S IFFE T
Kk ORBOG 1 BB R EE442)

A=A

1. B LD AR DTS AT BRAL SO T3

B ORI SLBREE AR K AR S I FE )

2. 7V VR ORI

IETECBA (IR R R b))

KREGGDT T T KA AT B O

BEAE (ESZBEFZERT)

St MR

He 2 hna 40 44

I il RABRBEA RSB S - =7 0V Vi

Ry REABSF XM R &

ZhHA: SH12H OK) F TIcOKX4%. QFtE. @)
Bi GELRE - o) ZWELLC BT A — Vv THBH
AHLTEE 0,

Hiah - BIE5E: @M CREUH 2B A £ > 4 —)

Tel: 06-6771-3374
E-mail: d-asakawa(@city.osaka.lg.jp

(%)

W

O

AMZMBE2NEHERREDENS €

TSR TIIU T O L B e REEMEL £

FEE -HASLELY

56 & F 25 (2021) N27

(Wrge32ex)
H W AFI34E3H12H (8) 718 2R 5P 40
zoom%Z M7zt v o4 e LTHMEL $3. MF%E%
KENBMHLDIE, BHIOHEFTIZA—VIZ TR E B
S, BEEFS, A—VT FL 22 TRk ~BasEL
BEV, F VI 4 Ui (zoomBiER) ICIIHFREZ2 %0,
REMBEDBRICAZELZH LT3 RMEFFIIZAZE T TR
ETDIYLEVDHN ET, TOITTHRLIZS v,
(Far g n)
REBHEERM
1. EEHEEER OUNKRZISH I FRI9EET) 132 BT I
& % PM, s FIS EEIA] RIS B9 2 1F5E
2. HEIHRA (BT PR BT e R« fREWics i 24
FERGIGHE OFAEEAL
3.0 0 B (HEFEESSAR) 3 Lo dbIu i
DREIGG DR E—H T 2 0 F [ERGE & OB HE—
4. LA I (B DR PRAE BRI AT S8 D) 13 A LR o
NOx. VOCHFEH & HI A 53 2 1 i VL A o0 5 Z= e it
* v OIKEE
5. BBAEE OuN RIS IF0EE) 32 hEIICE
5 NARBIEHBENC L 2T V7T Ar— o7
VIV DAL
ENBBEEM
6. PiE—F OUNRKRAREIPANITRER) : B AT A
& BNRIE O FEBRAFIET 5 B & DI5GB LS5
WA A=A A
7. BANRRTF (EARZELAR) 13- RFME OB
i\ B89 % FERE A
8. Mk M (RFEEK): RILFREHT 2 HkAKD
PUIH ATl & Wi
HIA - BlWGhEds: m RS Ze T  ILARE —
T818-0135 i WL A= il T 5 39
TEL: 092-921-9947
E-mail: yamamoto @ fihes.pref.fukuoka.jp

BHIEDR—AR—TH TEL RN,
5= h— (http://www.jsae-netorg/) 12V ¥ 7 03H D F5,

o
(BENHRDEINS )

SURIIL [ RRENBEE—RFHREFREN
L BMHEARRESR—ChETEI AL S5—]
DEMSE

BB NS BRI S AR — S SIS
X B REGAeIE, RICT & 2 WERBETG He & M ERBLBE TR R
W7z FHBRIVESFEB/L, T TE L ORI
SNTED, TORRE S HA LR LRFIC, FHEZ D]

RIS L. FFZEZMkEE T 5 2 E D EMMICITEEIC R > T
bo =) TOREE WDONLIZBHR L T2 %, BT
NEHOHNE LTEZ TV LI EELMPETH L, £
D72OIIFEMRTHOA LD BT X BIEHR Y — 2054
2T, BR—A— AR KO X, FELFEHL.
BT ITHG 2 R L 2w D 20 SN v, Lok
KIZHCOMFIKFEL TV 205 TH 5,

M2 amat] R TR O] ZEREEIE-72b 0Tk
Ay BB DML % LIHRTH B0 —A— AR



N28 J. Jpn. Soc. Atmos. Environ. Vol. 56 No. 2 (2021)

AZIMEE) 2L, EETHL L TR R ZRETH
bo FHEMICHEZIHET S Z L IIBES TRV, HED
G EMGDIZDICMER>THEZVWEFH->TWS, Z0%
Wik B REEN A - LS ORIESFEBITE 51
FTTHY., TOZEDHDVHFHFT 2 ETHREIMOILE
BENELDIEITTHD, SOV VEPREFO—B bl L

%W L ChfiET %,

Y Bt ¥v /74 TFREHE (REBERLTGERE 2T H
11#%-17)

H R 3H20H 1330525 1611304

T REREBSA SR E B e R &

A

1. BSOAHE: B EwE O REA~ORH - I 0K E

2. & W RUEMEWE O RKBIERE, BTROZD)

3. WS BUTEENC X B RN G

4. KEFE. DHIEAT: BT 7312 X 20l ki1
DR

5. HEFEmE. A& BOHHMEOER - WEETIVO
HEAL & A7 T

6. IR HBEROIY HA L 5B OE

7. WA

KDPGRIEGRERT R D 72D A B AT/2 (804) ICBE S

TwId, ZOZHZOOMERFZ FEL TV, S

LI BFEHTTHIAI5H £ T2 watamayl948@yahoo.

co.jp ¥ Tmail Z BV W2 L £,

AFRET=5 U IARE
( )

FASEMAESOEMS &

20204E12F84 L 72 COVID-19 E4edie o i FARATIC X 1 |

HARD AR SR ORG & EEIIET L R R S/
— T Z DBPIEDTATIC & B KEE D — K5y 2 0t 23
FETHRENTWD, TIZHATIZERIZCOVID-19 & GHE
OWATIIR P, RAEZED L I ITELL 72D D

AWFFE4TIE. WEAE (20204F) @ COVID-19EGHEIC X 5

RFGEI O T & 2N & & LR L 2 KA 0B L%, %

BROBIINBIR, KRAGEWE OB, €7V ¥ 7 Ok

LEET L EEHME LHEZ TV E T,

SAREOMERIE. FRaa - 4V R EGHE; 1L 72

B, WebBfitE LTBY 9, FHRIIEITAEE BT L

925 HEBEY)SLEOLEIZMT EVET X ) BEW

HLEFFEFT., 28, IREIREREFEZOSKHTRLT

LBIMTE T,

7 4 b COVID-19 BEAERITAK AN G- 2 72 2

H o W SfI34E3H18H (OK) 13305~ 17 1

& Yt ZoomTOF v T A VB (I3WFICEREL £3)

Tar g A

1. BRENT— 720 R-BafEES L 2HAWHE
WORE KFFE— (BERBESERZEREE Y 5 —)

2. COVID-19J&4diRIC & 2 BB BESHIHO HE# R
& RETE YW B R o B R RSE (H AR H By 5T
ZE7T)

3. REloT v 7 ¥y gOPHLRZLATPM2.5 8 KRS
YA RAT L7 B WG 75— ()7 Jemk g8 )

(R A%l OREETLRY))

# W BB 27 LENOSINERSLETT,

ZMHA: R E 2= ) Y 7aR&smiAl & L. O
K4 @PrE. OfFfn, @OEFES & ORGERE
24 (H /S H) 2Rt A L72E-Mail & 55 )5
FTB®ED 23w,
WDKK BHAE (F5R)
(jsae-monitoring@toadkk.co.jp)



BhaA—% (A THH)

MRS IR ATkt v 8 —

Jgs v B =) BREE AR S A SE T
HASHEREER LY ¥ —

ARE T TS

SRR At

MRS FOR A

— W BE AR ARG v 7 —

B 3 E R YNGR b

W7 1 o — 7 — kit

Wiy A Ly 7 B Aatt
WK BRI R BRI O
N3y A ERA S EBARRERE R =
HAA <y 7 A et

— W BE N H AR BRS fE v 4 —

W H A g ekt

B LEERGRASE XL Y ATFLA 4 VTR NY —FHERK



LTI S e
BIETE S 8
W% & H

T
st
63

ER=E2FEREIS
OB S I HOHZE=SH

K

n

i

(R B B % & ab] W E R

[N T N o EF A
JhAT R BRESRL AT ST AT oA OB M
KH KRB ZBSERAITE v 8 — % woOR
75— BHRIBISERT Ho R b
AR B EIRESERERE 5 — WA B F
oz IRKAYE BoH E -
ILOE XY vy u— N UESTITSERT STER I o 1
(T =D | ) =NV = HFON BT
B Z nUKRY W o oz
#ON BRI RS (TR N g
B EEBANRAIZEA [ NI - R
B F g s AR oM O —
il Z HERFERERI T 7R WoN B

WU TR

HAK

WU BRI JE i
HA B By # A 7E0T
TRERBREIE L >~ & —
KBS BREER A e > & —
N VNS

HA B B # A 7E0T
HRTEROR

A ] VR PR A BT SE T
VRIPNE S EVAE S i
i BURHE R A B A

W R R

WE Eh b kI

ARE GE) RSN EEM 2 BT L2 wIiid, FEEE 58

BHEOZZE ) T TV AROHE» S EZITTF S W,
FEREVEME

T107-0052 HEHABMIXARIK9-6-41 JyARIE

TEL: 03-3475-5618 FAX: 03-3475-5619

)%




