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Abstract

This study analyzed the relationship between the measured concentration of
particulate matter (PM) and green area, which is an important spatial factor
affecting urban PM concentration and even more carbon neutral in cities. In
order to investigate the effects of green area, the green area ratio (GAR) is
used and correlated with particulate matter. As a result of analyzing the cor-
relation between GAR and PM concentration using the measured PM data, it
was found that there was a positive correlation between the two variables.
Hence, the higher the GAR, the lower the PM concentration. It can be said
that the introduction of spatial elements with high GAR scores, such as parks
and forests in cities, is effective in reducing PM concentration. In this study, a
portable PM monitoring system using a vehicle for PM measurement was also
established and operated. As a result, it was found that a PM monitoring sys-
tem using a light-scattering sensor is an effective PM measurement method
that can be used at the local government level. It was also found that a fol-
low-up study is needed in the future to identify the PM mitigation functions
of urban green areas according to the detailed characteristics of green areas as
well as various environmental factors. This study can be used in air quality
improvement activities and efforts as reference data by policy decision mak-
ers and in the field of environmental planning associated with the removal of
airborne particulate matter pollution in urban areas.
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Monitoring System

1. Introduction

Particulate matter (PM) air pollution is recognized as a serious global environ-
mental issue. A sharp rise in the concentration of PM originating from abroad or
generated in South Korea not only harms the health of the nation’s citizens but
also leads to economic damage and losses. This raises the need to find measures
to preemptively respond to PM issues by local governments along with efforts to
solve problems at the national level.

In order to reduce PM, matter, it is important to understand the factors that
contribute to the increase or decrease in PM concentration [1]. PM air pollution
in cities is due to the generation and dispersion of PM generated within urban
areas. PM is primarily generated by mechanical processes such as mechanical
friction and fuel combustion. Other PM may be formed from the secondary
reaction of gaseous air pollutants [2]. Various and complex environmental fac-
tors are involved in changes in generated PM. Among them, forests and green
areas are the major factors that reduce PM concentration. As a major preceding
study related to the reduction of PM concentration, a study analyzing the effect
of reducing PM using green areas in downtown areas [3] and a study analyzing
the correlation between meteorological factors and PM concentration [4] were
conducted. However, there are few studies that measure the concentration of PM
and analyze the effects of factors that reduce the concentration of PM based on
the accumulated data.

Therefore, in this study, correlation analysis was performed in order to present
the correlation between PM and GAR among various PM-related environmental
factors and the change in PM concentration. To this end, usability was also re-
viewed with the operation of a PM monitoring system in real time in small areas.
To this end, after examining the characteristics of PM and the PM reduction
function of green areas through a theoretical review, the study area was selected
and reviewed its utility through the operation of a real-time PM monitoring sys-
tem. At this time, a measurement method suitable for monitoring PM in a small

area also was selected.

2. Theoretical Considerations
2.1. Characteristics of PM

Particulate matter (PM) is made up of very small particles floating in the air and
refers to dust that is invisible to the naked eye. In general, PM10 is defined as
particulate matter that has a diameter of 10 pm or smaller, and PM2.5 refers to
particulate matter that is 2.5 um or less in diameter [5].

PM is classified as a Group 1 carcinogen by the World Health Organization
(WHO), and is reportedly associated with adverse health effects. It can penetrate
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deeply into the human body via the respiratory tract, causing stroke, dementia,
cancer, heart attack or lung disease. Also, it has reportedly adversely affected the
growth and development of the fetus. Therefore, continuous inhalation exposure
to PM adversely affects the human immune system, which is our body’s energy
source and defense against infections and disease, and is highly likely to lead to
the development of various chronic physical conditions. Therefore, it can be said
that the most dangerous consequences from particulate matter are adverse
health effects. Even healthy people can experience pain and suffering from PM.
Diseases from exposure to PM include rhinitis, pneumonia, acute atopic derma-
titis, skin rashes, asthma including a dry cough, lung pain, tonsillitis, laryngitis,
bronchiolitis and dry eye syndrome. PM exposure also worsens underlying dis-
eases.

Fine particulate matter originating in China is estimated to cause 30% - 50%
of domestic air pollution, while domestically generated fine particulate matter
causes 50% - 70% according to the government. In 2006, the National Aeronau-
tics & Space Administration (NASA) and Chinese environmental experts inves-
tigated the contribution of air pollutant emissions on annual basis for all regions
in China. The results of the survey showed that three regions including Shan-
dong Province (1,702,000 tons), Hebei Province (1,371,000 tons), and Jiangsu
Province (200,000 tons) in the northeast region of China are the top three
sources of air pollutant emissions. These provinces, which are close to Korea, are
the most densely populated regions in China and are considered severe air pol-
lution sources with high transportation emissions and industrial activities from
industrial complexes. Accordingly, it is known that about 43% of PM pollution
comes from China. In fact, when the operation of aging thermal power plants in
Korea was largely shut down in 2017, PM decreased by only 1.1%, proving this.
This suggests that issues related to PM are not only domestic problems that can

be solved in Korea, but ones that must be resolved diplomatically with China.

2.2. PM Mitigation and Functions of Green Areas

There are various factors that influence the increase or decrease in PM concen-
tration. When internal factors that influence PM concentration are considered as
PM sources, various and complex factors such as meteorological conditions in-
cluding precipitation and wind speed, structural elements of green spaces, vege-
tation index, population density, traffic volume, building distribution, and land
use factors have a correlation with PM concentration.

Among them, a number of studies have been conducted on the functions of
green areas related to PM mitigation. Some PM can be mitigated by trees and
plants, as they capture and absorb PM through their surfaces such as leaves, and
stomata (leaf and bark pores) [6]. The effectiveness of trees and plants in PM
reduction and the amounts of PM reduction differ by type and time [7] [8], and
were affected by various factors such as vegetation volume and distance from
roads.

In addition, among various environmental factors related to PM emissions,
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land cover contains information on the characteristics of urban surface use, so it
is suitable to understand the impacts of urban space on changes in PM concen-
tration. Among related studies, Choi et al investigated the effect of land cover
on PM concentration by analyzing the relationship between the monthly PM
concentration monitored by the urban air monitoring network in Seoul and the
ratio of land cover by type around the measurement stations [1]. Hoek et al
suggested in a number of studies on PM2.5 prediction and regression models
that the major predictor variables include land cover, the area of factories/roads,
traffic volume and population [9]. Fan et a/ found that the buildings and green
areas within residential areas had the greatest effect on the increase or decrease
in PM concentration [10]. Another study on the distribution and characteriza-
tion of PM in urban and rural areas found that dust emissions from wheeled ve-
hicles and roads in winter acted as a common factor in the increase of PM in

both urban and rural areas (Miguel et al) [11].

3. Research Methodology

3.1. Overview

In order to analyze the correlation between PM concentration and green area ra-
tio, the measurement of PM concentration should be prioritized. To this end, a
target site was selected, and a PM monitoring system was established and oper-
ated. Afterwards, the measured PM concentration at each sensor point was con-
verted into a database, and correlation analysis between PM concentration and

the green area ratio was performed (Figure 1).

Site Selection

|
+ v

Selection of Particulate C onstruction of Land
Matter Measurement cover DB by Route
Route

'

Site Measurement
!
Construction of
Particulate Matter DB by
Route

v

Comparison of Green Area Ratio
and Particulate Matter
concentration

!

Correlation Analysis

!

Determining whether or
not to Analyze Correlation

Figure 1. Research method.
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3.2. Target Site Selection

1) Monitoring Area Selection

There is a limit to acquiring micro-level information related to PM pollution
and understanding the current status of PM pollution in the entire Daegu Met-
ropolitan City area considering the research period and data. Therefore, in this
study, PM monitoring was limited to Dalseo-gu, a district in Daegu Metropoli-
tan City.

Four large-scale industrial parks are located in the city center of Dalseo-gu.
Consequently, PM air pollution and odor emissions from industrial activities are
more serious than in other urban areas, and therefore, comprehensive measures
are required. The roadside air quality monitoring station in Igok-dong, Dal-
seo-gu measured PM concentration, and the highest PM10 and PM2.5 concen-
trations were recorded as of 2019.

2) PM Measurement Route Selection

This study aimed to measure the status of PM pollution that citizens are felt
and experienced in daily activities for the entire area of Dalseo-gu, Daegu Met-
ropolitan City. A route of about 47 km was planned for the PM measurement
route using a vehicle moving on the ground, comprehensively considering the
air pollution monitoring networks in Dalseo-gu, vehicle mobility, land use, etc.

(Figure 2).

‘ PM Monitoring Point
) ‘ Roadside Air Monitoring Station

| . Urban Air Monitoring Station

BN PM Monitoring Route

Figure 2. PM measurement route.
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3.3. PM Measurement Method Selection

The gravimetric method is the typical manual method for PM collection. Among
automatic measurement methods, the beta gauge measurement method and the
light scattering method are typical methods.

Currently, the Korean Ministry of Environment only recognizes the beta-ray
absorption method (BAM) for PM measurement, but BAM instruments are ex-
pensive and there is a limit to real-time measurement with fixed-point sampling.
Although the light scattering method that can be used for nearly simultaneous
detection at all angles is also recommended in the United States and Europe, the
Ministry of Environment has adopted the BAM because there may be an error in
the measurement value. Therefore, it is necessary to prepare a measurement
method for a mobile type rather than a fixed type. For the diversification of
measurement technology, the introduction of the light scattering method as a
measurement technology is also necessary.

As research data and a real-time measurement method are required for this
study, the establishment and operation of a portable PM monitoring system for
real-time PM measurement using a light scattering sensor was established and
operated. In the light scattering method, when laser light is irradiated onto par-
ticles having the same physical properties, the intensity of the scattered light is
proportional to the mass concentration of the particles. This is a method of
measuring the intensity of the scattered light using this principle and obtaining
the PM concentration from the value (Figure 3 [12]). The light scattering me-
thod has many advantages. Real-time measurement is possible, and the instru-
ment is easy to carry. Multiple particles such as PM1.0, PM2.5, PM10 and TSP
can be measured simultaneously using one instrument. On the other hand, there
is a disadvantage that an error may occur in the process of obtaining the particle
mass concentration through conversion after particle number concentration
(PNC) measurements. Nevertheless, with its portability, many types of dynamic

light scattering (DLS) instruments are on the market.

3.4. Establishment and Operation of Monitoring System

1) Establishment of monitoring system

ﬁ Detector
.

SOt

v Sample air

-
-
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.~ .~
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S«
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Figure 3. Principle of light scattering method.
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When monitoring PM pollution, the RF method was applied to establish a
smooth communication environment between the monitoring equipment and
the measurement instrument in order to grasp the measurement status in real
time. The RF method is a broadband communication method using a frequency
and has high stability because it is less affected by climate and environment. The
data collected in real time, including location information, is streamed and ex-
pressed as spatial data. The measured PM data can be visualized and the PM
concentration can be checked in real time. The related information can be stored
in the monitoring server and shared (Figure 4).

2) Data collection system

The PM monitoring system is largely composed of data collection, data visua-
lization, data analysis, and data storage. PM collection can be determined de-
pending on the type of system built. In this study, real-time video data was ac-
quired using a PM measurement instrument. A map-based real-time measure-
ment and monitoring system was established using the operating equipment
(laptop). The system was configured to enable simple data analysis and data in-
quiry by utilizing the measured data stored in the operating equipment in real
time. The acquired data was saved in CSV and TXT formats for universal use.
The data includes acquisition time, location information (X, Y and Z), humidity,

temperature, and PM concentration.

4. Results
4.1. Results of PM Measurement through the Monitoring System

To measure the PM concentration, a total of 19 PM measurements were carried
out using a vehicle (from July to November 2020). In order to measure PM con-
centration when atmospheric stability is secured and not to be affected by mov-
ing vehicles during measurement, 10 measurements were carried out at night af-

ter midnight. Nine measurements were carried out during the day while moving

Real-time communication connection using RF method Real-time data display

Figure 4. Real-time PM monitoring system operation.
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so as not to be affected by the vehicle’s moving speed and other moving vehicles
as much as possible. Based on the planned measurement route, PM was meas-
ured while moving at a speed of 40 km per hour or less. According to the data
from the roadside air quality monitoring station, the PM concentration on July
15, when it rained, was the lowest, while the PM concentration on November 17
was the highest.

In the case of PM data measured in this study, the average concentration of
PM10 was 39.3 pg/m’ and PM2.5 was 27.2 ug/m’>. The average PM concentration
measured by the roadside air quality monitoring station (Igok-dong) in Dal-
seo-gu on the same day showed 35.6 pg/m’ for PM10 and 23.8 pg/m’* for PM2.5.
The average PM concentration by measurement location was classified into day-
time, nighttime, and daily averages as shown in the following table, and the cur-
rent status of PM concentration was summarized (Table 1).

In order to easily understand the PM distribution based on the PM concentra-
tion data including location information collected in 1 second units, it was visu-
alized by grids maps with a resolution of 500 m x 500 m. The PM distribution by

measurement day is as follows (Figure 5).

Table 1. Current status of PM pollution by main location point.

Daytime Avg. Nighttime Avg. Total Avg.
Type (ug/m’) (ug/m’) (ug/m’)

PM1.0 PM2.5 PM10 PM1.0 PM2.5 PM10 PM1.0 PM2.5 PM10
A Commercial Area 12.8 23.1 343 154 272 391 138 246 36.1
B Wide Road 166 304 43.1 188 342 499 176 322 463
C Wide Road 171 29.6 428 13.7 247 366 156 274 40.0
D
E

Park 11.7 220 31.6 164 285 415 13.7 247 358
Park 119 223 312 148 279 409 13.0 245 349
Mixed Land
133 246 351 246 430 62.6 18.1 324 468
Use Area

G Residential Area 122 224 323 251 422 598 17.1 299 428
H Industrial Area 165 29.9 42.1 229 404 581 192 343 487

I Industrial Area 155 27.7 409 164 288 418 158 282 413
J  Industrial Area 129 23.6 333 16,5 300 428 144 262 373
K Park 10.1 187 284 83 155 230 94 174 26.1
L Wide Road 117 21.0 314 113 21.1 311 115 21.0 313
M Residential Area 114 208 309 105 192 276 11.1 202 29.6
N Residential Area 123 234 332 196 338 486 152 275 393
(@) Wide Road 183 315 455 181 33,5 495 182 323 472
P Commercial Area 14.9 279 400 25.0 43.1 623 19.0 341 49.0
Q Residential Area 13.2 245 369 173 31.1 444 146 267 395
R School 12.1 217 307 143 255 370 13.0 232 332
S Industrial Area 13.5 245 348 19.0 346 49.6 160 29.1 415
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Figure 5. Visualization of PM measurements results.

4.2. Analysis of Current Status of PM Pollution Based on Land
Cover by Monitoring Route

To prepare the PM distribution characteristics and improvement measures, un-
derstanding the current status of PM concentration by land cover was essential.
For this purpose, land cover maps and data provided by the Ministry of Envi-
ronment were used to understand how the PM concentration varies by land
cover. Measured PM data using a vehicle was also examined. The statistical value
of PM concentration according to land cover was calculated by matching the
measured PM data to the land cover data. At this time, the land cover was largely
classified into urban/built-up area, agricultural area, forest area, grassland area,
wetland area, bare area, and water area (Figure 6).

As a result of analyzing the PM concentration by land cover, the industrial
area showed the highest level, followed by the transportation area, residential
area, and public facility area. On the other hand, the PM concentration was
shown to be the lowest in the order of inland wetland area, coniferous forest
area, cultivated area, and broadleaf forest area, followed by the mixed forest area
with the lowest PM concentration. In other words, the PM concentration in for-
est areas such as the mixed forest area, coniferous forest area, and broadleaf for-
est area had a significantly lower PM concentration than that of other land cover
classification areas. It means that forestry and tree-related facilities effectively
reduce PM pollution (Table 2).
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Figure 6. Current status of land cover in the target sites.

Table 2. Current status of PM concentration by land cover.

Landcover PM1.0 (ug/m*)  PM2.5 (ug/m®)  PMI10 (ug/m?)

Mixed Forest 9.0358 16.6733 23.7173
Inland Wetlands 10.6093 19.7928 28.3784
Conifer Forest 10.5776 19.7811 28.6932
Cultivatio Area 10.7009 20.1550 29.5854
Broadleaved Forest 11.0657 20.8787 30.3553
Artificial Grassland 13.3764 24.4029 34.7726
Cultural Facilities 13.6025 24.5004 35.3778
Inland Water 14.0059 24.9977 35.7625
Other Bare Land 14.8400 26.5969 38.2799
Commercial Area 14.9813 27.4096 39.3741
Public Facilies Area 15.6063 27.7621 39.9107
Residential Area 15.4800 28.1577 40.0701
Transportation Area 16.8418 31.3070 41.6179
Industrial Area 18.0113 33.0473 46.8087
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4.3. Results of Correlation Analysis between PM Concentration
and GAR

According to the previous results in terms of land cover, it was found that the
concentration of PM was relatively lower than that of areas without green-related
land cover.

In order to find a more detailed correlation between PM concentration and
green-related land cover, a correlation analysis was performed on the concentra-
tion of PM and the green area ratio.

Correlation analysis was carried out to investigate the relationship between
PM concentration and GAR. The GAR refers to the ratio of land cover related to
green areas based on a radius of 500 m centered on the PM measurement point,
that is, the ratio including mixed forest, inland wetlands, conifer forest, cultiva-
tion area, broadleaved forest, artificial grassland and inland water. The GAR was
expressed in a grid of 500 m x 500 m, and correlation analysis was carried out by
matching the PM concentration value to the measurement location (Figure 7).

As a result of the analysis, both PM10 (-0.211) and PM2.5 (—0.192) showed a
significant negative correlation with the GAR. Looking at the results of the cor-
relation analysis for each time period, no correlation was found in the daytime
time zone, but in the nighttime zone, PM10 showed a significant negative corre-
lation of -0.431 while PM2.5 showed -0.434. Therefore, the GAR is correlated

PM10 PM2.5

80+ 60
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Figure 7. Scatter plot for PM concentration according to GAR.
DOI: 10.4236/jep.2022.131005 94 Journal of Environmental Protection


https://doi.org/10.4236/jep.2022.131005

K. Son et al.

Table 3. Correlation between PM concentration and GAR.

Type Total Daytime Nighttime
PM10 -0.211* —-0.128 —0.431**
PM2.5 —-0.192% -0.100 —0.434**

*p < 0.05, **p < 0.01.

with the PM concentration especially at the nighttime. That is, as the GAR in-
creases, the PM concentration decreases. In particular, such a trend was promi-
nent in the nighttime zone when the atmosphere was stable. However, there was
no correlation between the GAR and the PM concentration during the daytime,

when there were many variables affecting the atmosphere (Table 3).

5. Conclusions

This study analyzed the relationship between the measured PM concentration
and the GAR in order to investigate the effect on the green area ratio, a spatial
factor affecting the urban PM concentration. At this time, a portable or mobile
PM monitoring system using a vehicle was built and operated to measure PM
pollution.

As a result of performing correlation analysis between the GAR and the PM
concentration using the measured PM data, it was found that as the GAR in-
creased, the PM concentration decreased. This means that the introduction of
spatial elements with a high GAR score, such as parks and forests in the city, is
effective in reducing PM concentration. However, no correlation was found
during the daytime, which is presumed to be due to various variables (traffic vo-
lume, industrial activities, relatively high temperature, etc.).

In addition, in order to mitigate the PM concentration, it is important to un-
derstand the sources and distribution of PM. To effectively and practically re-
spond to PM pollution, it is necessary to provide proper data on PM sources. To
this end, it is necessary to lay the groundwork for a PM monitoring system di-
rectly linked to the daily activities of people from the macro-level in the city unit
to the micro level. As a result of establishing and operating a mobile PM moni-
toring system and the measurement of PM concentration using a vehicle in this
study, it is judged that PM pollution monitoring can be used effectively at the
local government level using the method stated above.

This study suggests that the GAR in the city is a factor affecting the reduction
of PM concentration. A follow-up study is needed to identify the PM mitigation
functions according to the detailed characteristics of green areas as well as vari-
ous environmental factors. The efforts of these improvement activities can be
used as basic data for important policy decision making in the field of environ-

mental planning related to particulate matter.
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