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Abstract: Chiang Mai has been one of the most polluted cities globally, exceeding the PM, 5 quality
standards for decades and facing hazardous air pollution on an annual basis. As ambient PM; 5
strongly affects human health, this study aims to investigate the hotspots of PM; 5 and health impact
areas due to exposure to PM; 5 by illustrating a spatial distribution via a Chiang Mai health risk
map. The association between PM, 5 concentration and human health impact were assessed using
Pearson’s correlation, focused on the peak period from January to April 2021 in Chiang Mai. The
primary data on PM; 5 concentration were collected using low-cost sensors. The health impact is
based on the number of hospital admissions in all incidences of diseases due to PM; 5 exposure
following the ICD-10. The results showed that the highest polluted and health-risk areas were located
in the center of Chiang Mai, especially in the Mueang district. PM; 5 concentration was highly
correlated with the incidence of dermatitis (R = 0.84), conjunctivitis (R = 0.81), stroke (R = 0.74),
and lung cancer (R = 0.73). Thus, the increased PM; 5 concentration resulted in heightened hospital
admissions. The results provide insightful information for policymakers and local public health
organizations regarding priority areas in resource management.

Keywords: PM,5; Ambient Particulate Matter; PM, 5-related morbidity; health impact; spatial
distribution; health risk map

1. Introduction

In recent years, ambient particulate matter (PM; 5) has been a serious pollution prob-
lem worldwide that has adverse effects on human health. The reason for that, on the
one hand, relates to its aerodynamic diameter, which is less than or equal to 2.5 um, and
on the other hand, its ability to enter the human respiratory system through the nasal
passages. With particle size influencing the deposition in the respiratory system, the PM; 5
particles will be in contact with fluids and epithelia and thus be able to be dissolved in the
bloodstream causing damage to human health [1]. Exposure to PM; 5 can lead to significant
dangers to health both in the short and long term. Furthermore, a high PM; 5 concentration
heightens the risk of total morbidity [2] and mortality [3], including cardiorespiratory
diseases such as asthma, bronchitis, chronic obstructive pulmonary disease (COPD) [4],
ischemic heart disease, cerebrovascular disease, and lung cancer [5]. In addition, exposure
to PM, 5 can lead to premature death and increased morbidity [6].

In Thailand, the air pollution problem associated with fine particulate matter occurs on
a seasonal basis, which is different for each area of the country. For instance, Bangkok, the
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capital of Thailand, has a high concentration of PM, 5 between November to February [7].
The significant pollution in Bangkok is from cars on the road. In Chiang Mai, the biggest
city in northern Thailand, the period of haze starts at the beginning of January and ends in
April [8]. There are many driving factors related to a variety of different PM; 5 concentration
levels in Chiang Mai, such as topography, which includes being surrounded by high
mountains, wind speed, transboundary air pollution from nearby countries, and open
biomass burning from agriculture [9-11].

Furthermore, Chiang Mai has been ranked the most air-polluted province in Thailand,
exposed to levels exceeding the daily standard of the air quality index (15 pg/m?> as per
the World Health Organization; WHO and 50 pg/m? as per the Thai Pollution Control
Department; PCD). The high concentrations of PM; 5 are associated with human health
effects, especially in the sensitive group [12]. In 2019, the highest PM; 5 concentration
recorded in Chiang Mai by the Thai Pollution Control Department reached 241 pg/m? and,
in 2020, 276 pg/m3, which is considered a hazardous air quality level for human health.

For decades, studies on the health impact of exposure to ambient particulate matter
(PM; 5) have been getting more attention in many countries. Pozzer et al. [13] computed
the total deaths from respiratory and cardiovascular diseases due to long-term exposure to
PMj 5 in the Verona province, Italy. Stowell et al. [4] estimated the acute cardiorespiratory
diseases from PM; 5 in Colorado during the wildfire seasons. Kihal-Talantikite et al. [14]
analyzed the number of deaths attributed to the different levels of PMg, PM; 5, and NO; in
Paris. Zhu et al. [6] and Song et al. [15] estimated the relationship between PM, 5 pollution
and health impacts across 129 cities in China. Balakrishnan et al. [16] focused on the number
of deaths and life expectancy from exposure to the exceeded standard level of pollution
in India. Janssen et al. [17] investigated the association of PM; 5 and PMjg on all-cause
mortality rates such as cardiovascular disease, respiratory diseases, pneumonia, COPD,
and influenza in the Netherlands.

There has been increasing concern in Thailand about the health impact of PM; 5.
The studies of Fold et al. [18] concentrated on the consequences of particulate matter
on Bangkok’s annual cardiopulmonary and lung cancer mortalities. Pothirat et al. [19]
determined the increase of PM, 5 and the risk of death rate caused by COPD, cardiovascular
disease, death, and sepsis in Chiang Mai, Thailand. Chavanaves et al. [20] researched the
health effect of PM; 5 from vehicle emissions in Bangkok. Mueller et al. [21] calculated the
overall cost in Thailand from long-term exposure to PM2.5’s impact on health, including
lower respiratory infections (LRIs), stroke, COPD, lung cancer, and IHD diseases. The
empirical epidemiological studies of Johnston et al. [22] reviewed the health impact of level
of exposure to PM sources from biomass burning, such as cooking, agriculture burning,
and wildfire, and identified the toxicity of pollution from different sources. Moreover,
Ruchiraset and Tantrakarnapa [23] predicted the health impact in the case of the number of
pneumonia admissions related to pollution in Chiang Mai by using the ARIMA model.

Previous studies investigated PM, 5 pollution and its effect on health with respect
to some diseases. However, this is the first study on the analysis of the relationship
between PM, 5 and health impact covering all diseases caused by exposure to particulate
matter following the 10th revision of the International Statistical Classification of Diseases
(ICD-10) in the Chiang Mai area. The diseases caused by exposure to particulate matter
following ICD-10 include asthma, bronchitis, chronic obstructive pulmonary disease, acute
pharyngitis, acute ischemic heart disease (AIHD), cerebrovascular disease (stroke), chronic
rhinitis, conjunctivitis, dermatitis, influenza, pneumonia, and lung cancer. Such overall
coverage has not been found in other similar studies in the literature.

Moreover, there is an urgent need to respond to the public concerns over the health
effects of exposure to PM; 5 pollution in a specific area, especially in Chiang Mai, Thailand,
which has been affected by air pollution for many years. This study analyzed the health
effects of exposure to PM; 5 in a variety of locations and determined the hotspots in the
Chiang Mai province from January to April; moreover, the association of exposure to
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particulate matter and health impact from hospital admissions for serious diseases were
assessed. The results have also been presented in a spatial pattern as a health risk map.

2. Materials and Methods
2.1. Study Area and Data Sources

The Chiang Mai province was chosen as the focus area. It is the largest province
in the north of Thailand, covering 20,107 km?. The geographical location of the Chiang
Mai province is shown in Figure 1. The Chiang Mai province has 25 districts; based on
the Department of Provincial Administration of Thailand in 2020, the overall number of
residents is roughly 1.78 million.
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Figure 1. A geographic of the Chiang Mai province of northern Thailand.

According to the observations, the peak period of PM; 5 pollution in Chiang Mai
starts at the beginning of January and ends in April [8]. The quantitative data in this
study included PM; 5 concentrations, hospitalization due to PM; 5 exposure, population,
temperature, and rainfall, which were collected from January to April 2021.

Monitoring PMj; 5 concentration is an initial step in assessing the sources and levels
of PM,5. However, there is a limitation on the extent of available traditional ground
monitoring [24]. Thus, low-cost sensors were widely used to monitor the pollution level,
which allowed access to real-time data. Further, the advantage of small-size sensors
being less expensive than traditional sensors may contribute to the ease of carrying and
installation, even in remote areas.

Some countries have applied low-cost sensors to detect PM; 5 concentration, such
as the AEROCET 531S sensor in Dhaka (Bangladesh), Edimax Airbox and Alphasense
OPC-N2 sensor in Indonesia, Pocket PM; 5 sensor and AS-LUNG-O sensor in Myanmar
and Taiwan, and Plantower sensor in Thailand and Vietham. However, in Thailand, the
Plantower sensors measure PM; 5 in specific areas only in the Tak and Nan provinces [25].

The DustBoy low-cost sensor is a project established by the National Research Council
of Thailand (NRCT) in collaboration with the Ministry of Higher Education, Science,
Research and Innovation. The DustBoy sensor detects fine particles in the air through
light scattering methods using the commercial sensor PMS5003. For calibration purposes,
the data based on the DustBoy were co-located with the Pollution Control Department’s
(PCD) standard sensor with a percent precision error of less than 15 to ensure acceptable air
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pollution measurements, guided by the U.S. Environmental Protection Agency (The U.S.
EPA). DustBoy monitoring stations with low-cost sensors are located at 105 site stations
across the Chiang Mai province; PM, 5 concentration data in real-time are available at
https:/ /www.cmuccdc.org, accessed on 30 May 2021.

PM; 5 concentrations were gathered from the 105 DustBoy monitoring sites. The PM; 5
concentration of each district was from processing the daily PM; 5 concentrations, which
were averaged monthly and grouped by district. Then, the average concentration of PM; 5
in each district was calculated using the population-weighted mean method.

In addition, the human health impact was measured through the number of hospital
admissions related to diseases linked to exposure to particulate matter. The hospital
admission data were obtained from the Chiang Mai Provincial Public Health Office. The
data are available at the website: https://www.moph.go.th (accessed on 15 November
2022). The hospitalization of one admitted patient was counted as one case, and return
patients were also similarly counted. All-cause morbidity by exposure to particulate matter
used for the analysis in this study was classified by the International Statistical Classification
of Diseases (ICD-10) to include acute pharyngitis, acute ischemic heart disease (AIHD),
asthma, bronchitis, cerebrovascular disease (stroke), COPD, chronic rhinitis, conjunctivitis,
dermatitis, influenza, pneumonia, and lung cancer.

The temperature data were collected from the Ministry of Energy of Thailand’s report,
which is published on their website. The rainfall data were collected from the Thai Meteo-
rological Department. The data utilized in this study and relevant sources are summarized
in Table 1.

Table 1. Details of data and sources.

Data Collection Data Source Unit Location Frequency
Provincial Administration of Thailand
Population (Online data: https:/ /www.dopa.go.th, person Chiang Mai Annual
accessed on 30 May 2021)
Particulate matter Gl.*ound—based monitoring; DustBoy 3 105 stations in .
(PM ncentration) (Online data: https://www.cmuccdc.org, pg/m Chiane Mai Daily
25 conce ° accessed on 30 May 2021) &
Hospital admission d Chiang Mai Provincial Public Health
toosa}:rt?ctfla te rsrs{aiter ue (Online data: https:/ /www.moph.go.th, case 25 districts Monthly
p accessed on 30 May 2021)
Ministry of Energy of Thailand
Temperature (Online data: http:/ /www.energy.go.th, degree Celsius Chiang Mai Monthly
accessed on 30 May 2021)
Thai Meteorological Department
Rainfall Intensity (Online data: https:/ /www.tmd.go.th/, 103 m Chiang Mai Monthly

accessed on 30 May 2021)

2.2. Estimation of Population Exposure

A recent study has considered the distribution of PMj 5 concentration and the morbid-
ity of each disease in individual sub-city areas such as a district. There are 105 ground-based
stations across the 25 districts in Chiang Mai. The spatial values in each district area are cal-
culated using the mean weighted by population. The population-weighted mean denoted
by ¢ can be calculated by Equation (1) [9].

£= 2?:1 (Pi X Cj)/PO (1)

where Py is the overall population in the domain area (unit: case), P; is the population
in the i th sub-area, where i denotes each sub-area in the domain area, C; is the ambient
particulate matter concentration (unit: pg/m?) in i th sub-area, and n is the overall number
of sub-areas in the focus area.


https://www.cmuccdc.org
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2.3. Estimation of Correlation Coefficient

The relation between PM, 5 concentration and the variety of diseases was estimated
by Pearson’s correlation coefficient. The correlation coefficient value, represented by R,
measures the correlation between two variables, can be calculated by Equation (2) [9], and
provides the R-value between —1 and 1. A positive correlation coefficient value indicates
that as one variable increases, the other one does the same, and an R-value closer to 1
means a greater correlation. A negative correlation coefficient value indicates that two
variables are related but in an opposite trend, and R-value closer to —1 means a strong
correlation in negative way. A value equal to zero means there is no correlation between
the two variables.

R= Y0, (=R~ 9)] / W Yo 6P (v —9) @)

where, x; and y; are the values of the variables x and y at the i th location. The means of
variables x and y are represented as X and y, and n is the total number of locations.

3. Results and discussion
3.1. Spatial Distribution of PM; 5 Concentration

The monthly average distribution of the PM; 5 concentration across Chiang Mai is
shown in Figure 2. The spatial analysis presents the variation of PMj; 5 pollution levels in
each district; the red color in the map indicates the highest concentration of PM; 5, followed
by orange, yellow, light green, and dark green, respectively.

The haze pollution time in 2021 started in January with a monthly average PM; 5 con-
centration across the Chiang Mai province of 44.97 pg/ m?3. The PM; 5 concentration ranged
between 18.30 ng/m? and 71.86 pig/m3. The spatial distribution of PM, 5 concentration in
January is displayed in Figure 2a. It shows that the highest polluted areas were the San
Kamphaeng and Samoeng districts. In February, the monthly average PM; 5 concentra-
tion level increased to 61.23 pg/m3. The highest polluted areas were the Fang, Chiang
Dao, and San Kamphaeng districts, with an average PM, 5 concentration of 98.33 ug/m?,
94.70 ug/m?3, and 86.42 pg/m3, respectively. The lowest polluted area was the Hot district,
with 21.53 ug/m?3. The PM, 5 spatial distribution of February is displayed in Figure 2b.
March was the highest haze smog period in Chiang Mai, for which the monthly average
PMj, 5 concentration increased from February, reaching 98.56 ng/m? (Figure 2c). The high-
est PM; 5 concentration was 187.6 ug/ m?3 in the Chiang Dao district, followed by the Chai
Prakan district with 167.87 ug/ m?, and the Phrao district with 158.86 ug/ m3. The lowest
pollution areas were the Hot and Doi Tao districts, with 37.88 ug/m? and 46.52 pug/m3,
respectively, PMj 5 concentrations. Even the lowest level in March is far above the rec-
ommended new WHO air quality guidelines in 2021 (The WHO’s recommended long-
and short-term AQG for PM, 5 are 15 ug/m? and 5 pg/m? on a daily and annual basis,
respectively) and at a dangerous level to humans.

The PM; 5 pollution decreased in April, but the monthly average PM, 5 concentration
remained at serious pollution levels. In April (Figure 2d), the monthly average PM; 5 con-
centration was 42.69 ug/ m?3, and the PM, 5 level ranged from 14.16 pg/ m?3 t0 92.73 ug/ m3.
The highest polluted areas were the Mae Taeng, Chiang Dao, and Fang districts, with a
monthly average PM, 5 concentration of 92.73, 74.9, and 72.27 ug/m?3, respectively. The
lowest polluted areas were the Doi Tao, Hot, Doi Lo, and Saraphi districts, with a monthly
average PM; 5 concentration of 14.16, 18.58, 21.17, and 22.08 pg/ m3, respectively.

In terms of the spatial distribution of the pollution map, the highest level of PM; 5
pollution occurred in similar areas between January and April in the north of the Chiang
Mai province, and the concentration decreased from the north to south areas. Based on
the spatial maps, the most PM; s-polluted district was Chiang Dao; this is consistent with
the study of Supasri et al. [10], who also observed that Chiang Dao is a pollution hotspot,
having the highest PM; 5 concentration as a result of open burning from maize cultivation
during February and March. Moreover, the monthly average PM; 5 concentration from
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January to March was much higher than the WHO-recommended long- and short-term air
quality guideline (15 pg/m? in daily and 5 pg/m? in annual) in all areas, indicating that
everyone in Chiang Mai lived with bad air quality hazardous to human health. While the
air quality was better in April, only 4.2 percent of the population lived in acceptable air
conditions as per the WHO guideline.

Monthly Average PM, . concentration in Ch@{\g Ma}\ Monthly Average PM, ; concentration in %l\% \(b)

January 2021 = (a) February 2021

S

Monthly Average PM, Monthly Average PM, ;

(ug/m?) (ug/m’)

I 18.30-22.51 2153

2252 - 3547 % I 2154 - 54.14

[ 135484492 A [ 15415-67.49

I 44.93-61.38 [ 67.50 - 81.22

61397186 | 5123 -98.33 .

( C) Mor}thly Average PM, ; concentration in Chiggg {/[421/1(\ ( d)
March 2021 April 2021 b
MaeAi
J -
e

Monthly Average PM, ; Monthly Average PM,

(ug/m?) (ug/m?)

I 37.88 - 54.56 I 14.16 - 22.08

I 54.57 - 81.95 I 22,09 - 34.92

[ 181.96-100.76 134,93 - 40.00

I 100.77 - 123.71 [ 40.01 - 56.62

B 12372-187.60 - I 56.63 -92.73 5

Figure 2. The spatial distribution of PM; 5 across Chiang Mai during January-April 2021 (a) January,
(b) February, (c) March, and (d) April.

3.2. Health Impact Due to PM, 5 Exposure

The distribution of health impact caused by exposure to fine particulate matter from
January to April in the Chiang Mai area is shown in Figure 3 as spatial health risk maps.
The health risk maps reveal the hospital admissions related to 12 diseases due to exposure
to PMj 5, categorized by the ICD-10, including acute pharyngitis, acute ischemic heart
disease (AIHD), asthma, bronchitis, cerebrovascular disease (stroke), chronic obstructive
pulmonary disease (COPD), chronic rhinitis, conjunctivitis, dermatitis, influenza, pneumo-
nia, and lung cancer. The colors on the maps differentiate the hazard level of the PM; 5
impact on population health. The most affected areas with over four cases per square
kilometer admitted to the hospital are displayed in red color, followed by lower risk areas
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indicated by orange, yellow, green, and the least affected, blue, which means no hospital-
ization. The case per area of the health risk map would be an insight into the information
guide for local public health organizations to manage and prepare the resources to respond
to the patient demand, which is expected to increase rapidly in the peak period of haze; for
example, the patient beds, medicines, and physicians.

In January, the total number of hospital admissions caused by PM; 5 in Chiang Mai
was 26,495 patients; the highest risk area had 5877 hospitalizations, with approximately
38 hospitalizations per square kilometer in the Mueang district. Figure 3a shows the spa-
tial distribution of all incidence diseases due to PM; 5 exposure in January; the all-cause
hospital admission rate was high in the center of Chiang Mai. Most people admitted to
the hospital in this month were admitted due to acute pharyngitis, bronchitis, conjunc-
tivitis, COPD, dermatitis, and cerebrovascular disease. In addition, the map shows that
no hospitalization was caused by AIHD or chronic rhinitis disease in the northeast and
suburban areas of the province. Regarding the number of hospitalizations for each disease,
the Mueang district had the highest number in January, with 11 hospitalizations per square
kilometer due to dermatitis, followed by conjunctivitis and cerebrovascular disease, with
8 and 7 hospitalizations per square kilometer, respectively.

In February, the total hospital admissions in all-causes morbidity were 23,485 patients;
the Mueang district was the highest risk area with 5210 patients and approximately
35 hospitalizations per square kilometer. Furthermore, the numbers of some disease cases,
such as asthma, dermatitis, pneumonia, and cerebrovascular disease, were increasing
in February. The spatial distribution of health risk in Figure 3b shows that the highest
risk is still clustered in the center and spreading to the suburban areas. In addition, the
hospitalization for each disease was high in the case of dermatitis, conjunctivitis, and
cerebrovascular diseases in the Mueang district, with 10, 6, and 7 hospitalizations per
square kilometer, respectively.

In March, the spatial maps displayed decreasing blue areas and colors changing into
higher levels in some districts (Figure 3c), which means that the number of all-cause incident
hospitalizations was more elevated than in January and February. The total hospital
admissions in Chiang Mai reached 30,581 patients. The Mueang district was ranked the
highest risk area, with 6600 people admitted to the hospital or about 44 hospitalizations
per square kilometer. In view of each disease, the highest hospitalization rate was due
to the same diseases as in January and February, and still high in the Mueang district.
Nevertheless, the number was raised to 13 hospitalizations per square kilometer due to
dermatitis diseases, nine hospitalizations per square kilometer due to cerebrovascular
diseases, and eight hospitalizations per square kilometer due to conjunctivitis diseases.

2 Asthma e Bronchitis Chronic rhinitis [ Conjuctivitis . (a)
< N 5 N i N = N = N
e b o B o Alb s B e A b w AR e Al o B e A
B Influenza Lung cancer = Pneumonia Stroke
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= & = o/ £ b S = i S
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Figure 3. Cont.
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Figure 3. The spatial distribution of health risk map in all-cause morbidity in Chiang Mai from
January to April 2021 (a) in January, (b) in February, (c) in March, and (d) in April.



Atmosphere 2023, 14, 261

90f13

In contrast, the blue areas increased in April, and there was no red spot on the spatial
risk map, implying a decrease in human health impact. The overall hospitalizations were
down to 16,241 patients, and the highest impact area was the San Pa Thong district, with
2694 hospitalizations and only eight hospitalizations per square kilometer. While the overall
hospitalization decreased, with the hospital admission rate dropping to three patients per
square kilometer, the disease cases for dermatitis were still high in the center of Chiang
Mai, especially in the Mueang district.

The highest health impact areas show similarities across the January to April period
and were highest in the center of Chiang Mai, especially in the Mueang and San Pa Tong
districts; moreover, the incidence of health impact decreased from the center to the suburban
districts. In addition, the overall spatial health risk maps revealed that exposure to PM; 5
causes high incidence disease rates of conjunctivitis, COPD, dermatitis, and cerebrovascular
disease but a low hospitalization rate in cases of AIHD, asthma, chronic rhinitis, and
influenza. Moreover, the high number of cases of morbidity related to bronchitis existed
only in the Mueang district. However, there were exceptional cases, including areas with a
high monthly average PM; 5 concentration but lower population density, such as suburban
districts located in the high mountains, which had lower population exposure to PM; 5
pollution and, thus, a lower incident morbidity rate. These cases were consistent with Shen
and Yao’s [9] study in China that showed a lower population exposure to PM, 5 in the high
pollution areas, such as industrial parks with fewer employees.

3.3. The Spatial Area of All-Cause Morbidity from PM, 5 Exposure

The spatial area of all-cause morbidity due to PM, 5 in Chiang Mai is shown in Figure 4.
The different color areas on the maps illustrate the PM, 5 concentration and its impact on
human health, as indicated by the Thailand Pollution Control Department (PCD). The blue
spatial area indicates clean air quality and no risk to health, with a PM; 5 concentration
between 0-25 ug/m?, followed by the green spatial area with a PM, 5 concentration of
26-37 pg/m3. This air quality level is considered satisfactory, posing little or no risk to
health; however, sensitive groups should be careful. The yellow spatial area indicates
acceptable air quality (38-50 pg/ m3). This level of PM;5 may lead to negative health
effects in sensitive groups. The orange spatial area shows a PM, 5 concentration between
51-90 pg/m3, indicating an air quality level considered dangerous to the health of the
general public. The spatial area with a PM, 5 concentration over 90 pg/m? is illustrated in
red color. It is considered a dangerous air quality level with severe health effects for the
general public.

Figure 4 shows that the number of hospitalizations caused by exposure to PM; 5 was
high in the central areas of Chiang Mai, as noticed from the heights of the stacked bar charts.
Although the average PM, 5 concentration in Chiang Mai between January and April was
different, the number of hospitalizations due to exposure to PM; 5 was still higher in the
central areas than in border areas. Furthermore, March demonstrates a severe level of PM; 5
concentration that highly affects human health in all diseases, as shown by the yellow,
orange, and red colors around Chiang Mai. The total number of hospital admissions due to
exposure to PM; 5 was also the highest in March compared to January, February, and April.

Moreover, the number of hospitalizations in all-cause diseases is presented as stacked
bar charts. From January to April, the Mueang district had the highest number of hospital
admissions caused by exposure to PM; 5 compared with other districts, as shown in the
stacked bar chart in Figure 4. The major causes of hospital admission were dermatitis,
stroke, conjunctivitis, COPD, and acute pharyngitis, as seen in the stack length on the maps.
In addition, hospitalization caused by lung cancer was most prevalent in the Mueang, Mae
Rim, and San Pa Thong districts, as illustrated by the dark green portion of the stacked
bar chart.
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Figure 4. The distribution of PM, 5 and its health impact in Chiang Mai from January to April 2021
(a) in January, (b) in February, (c) in March, and (d) in April.

3.4. Correlation Coefficient between PM, 5 Concentration and Health Impact

The correlation between PM, 5 concentration and hospital admission caused by PM; 5
is presented in Figure 5. The correlation coefficient (denoted by R) showed a positive
value in all disease cases, indicating that the increase in PM; 5 concentration is positively
correlated with the increase in the incidence of diseases.

Table 2 shows the association of PM; 5 concentration, rainfall, temperature, population,
and hospital admissions due to PM; 5 exposure. As can be anticipated, the correlation
coefficient between PM; 5 concentration and rainfall was negative (R = —0.57), indicating
that PM; 5 concentration decreased when there was an episode of rain due to the washout
of PM;5 by the rainfall. This was consistent with the observation of Fold et al. [18].
On the contrary, the correlation coefficient between the population and the population
exposure to PM, 5 was 0.51, which means the population and the population exposure to
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PMj; 5, as the number of hospital admissions was related; this signifies a high number of
hospitalizations in the area with a large population. For example, the Mueang district has a
high population density and high population exposure to PM, 5. Vice versa, areas with low
population density, such as the mountain or parks, also have fewer hospital admissions,
even in polluted areas. Furthermore, the PM; 5 concentration was highly associated with
population exposure to PM; 5 with a correlation value was 0.74, indicating the increase of
PM, 5 concentration contributing to the rise of the population exposure to PM; 5, which was
derived from the hospital admission data in all-cause morbidity. In addition, the correlation
between temperature and PM; 5 concentration was associated with a positive value equal to
0.49. This assured that the temperature level was associated with the PM; 5 concentration.

8000 ~ ° = COPD,R=0.68
. 7000 Dermatitis (R = 0.84) ° Asthma, R=0.58
8 6000 4 ° ) COPD G048 A Pneumonia, R=0.51
7 n
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Figure 5. Correlation of PMj; 5 concentration and hospital admissions due to PM; 5 in each morbidity.

Table 2. The correlation coefficient values.

PM; 5

Concentration Rainfall Temperature Population
PM, 5 concentration N/A —0.57 0.49 N/A
Population exposure to PM; 5 0.74 N/A N/A 0.51

4. Conclusions

Chiang Mai experienced a high PM, 5 concentration exceeding the air quality standard
(15 pg/ m?> and 5 ug/ m? are the WHO recommended values for daily and annual bases
updated in 2021) from January to April, with the highest average PM; 5 concentration level
in March. PM; 5 was highest in the north of Chiang Mai, including the San Kamphaeng,
Fang, and Chiang Dao districts. The PM; 5 concentration decreased from the north to
the south, and the lowest polluted area was the Hot district. This study demonstrated
that exposure to PM, 5 is associated with human health in all-cause morbidity following
the ICD-10. The human health effects attributable to exposure to PM; 5 pollution were
presented in a spatial pattern as health risk maps highlighted the different levels of health
impact for each district in the Chiang Mai province.

As shown by the spatial health risk maps, the population in the center of Chiang Mai,
especially in the Mueang District, was highly affected by exposure to PM; 5 though there
were lower health impacts in the suburban districts. Moreover, most hospital admissions
related PM, 5 in Chiang Mai were due to dermatitis, conjunctivitis, cerebrovascular disease
(stroke), and chronic obstructive pulmonary disease (COPD). Notably, dermatitis was the
first-ranked disease for hospital admissions from January to April, with the number of
hospitalizations per square kilometer equal to 11, 10, 13, and 3, respectively. The number of
cases of dermatitis was higher than other diseases because dermatitis symptoms usually
occur within a few hours after exposure to an irritant such as PM; 5, and the symptoms,
such as inflammation of the eyes and skin, are easily noticeable.
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The findings of this study show the effects of PM; 5 and distinguish the high health
risk areas of each morbidity. It suggests priority areas to the policymakers to make suitable
environmental regulations for the province. In addition, it provides decision information
for the provincial control department, for example, in planning to locate dust-free rooms
in areas that have high risk from PM; 5 to avoid increasing the number of population
exposure and hospitalizations due to exposure to PM; 5. Therefore, the management of
this data could be significant for preparing and handling the rapid increase in adverse
health effects and associated problems, such as inadequate numbers of beds or insufficient
hospital services, including medicine and medical equipment. As seen from the results,
when the PM, 5 increased, the highest number of cases was of dermatitis; this information
can guide the local public health department to organize the expert staff and medicines
for satisfactory treatment service in each area. Additionally, the results support better
decision-making for future economic planning of each area, including the prevention and
reduction of costs associated with PM; 5, such as surgical masks and air purifiers, treatment
costs due to diseases, and hospital service costs. The data collection are limited to a short
period because the hospital admission data due to PM; 5 were only available in 2021. The
impact of age and gender are not considered in this study but will be analyzed in the future.
Furthermore, the economic impact will be examined in more detail and proposed in the
spatial distribution pattern.
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