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Abstract
This paper explored whether air pollutants influenced acute aortic dissection (AAD) incidence in a moderately polluted area. A
total of 494 AAD patients’ data from 2013 to 2016 were analyzed. The results showed that AAD had the strongest associations
with PM10, SO2, NO2, CO, and O3 on the day before an AAD incident (lag1) and with PM2:5 two days before an incident (lag2) in
single-pollutant model. In the three-pollutant model, PM10 was associated with the highest risk of adverse effects (RR = 1.37,
95% CI: 1.22, 1.53), whereas PM2:5 was associated with the lowest risk (RR = .83, 95% CI: .79, .88). Both PM2:5 and PM10 were
affected by season, and SO2 was significantly different between heating and non-heating seasons as well. This study revealed
significant associations between short-term PM2:5, PM10, and SO2 exposure and daily AAD incidence, showing that PM10 and SO2

were strong predictors of AAD incidence in a moderately polluted area.
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Introduction

Environmental pollution is an increasingly critical health
threat worldwide. Air pollution has been demonstrated to be
one of the major influencing factors of cardiovascular disease.
For instance, PM2:5 exposure has an adverse effect on con-
genital heart disease,1 ischemic heart disease,2 and hyper-
tension.3 However, few studies have investigated the
association between air pollution and acute aortic dissection
(AAD), a fatal cardiovascular disease.

Acute aortic dissection is an uncommon cardiovascular
disease. According to existing study and Chinese Cardio-
vascular Health and Disease Report, the estimated annual
incidence rate of AAD was .028%, far below that of CHD
(3.3%).4,5 However, AAD is fatal. Blood from the aortic

lumen enters the aortic media from a tear in the aortic intima,
disconnects the media and expands along the long axis of the
aorta to produce a true-and-false lumen separation state in the
aortic wall. Acute aortic dissection has an extremely high
mortality rate, with as high as 1% per hour direct mortality rate
at initial onset.6 Since AAD usually has no apparent symptoms
before onset, it is usually diagnosed after aortic rupture or the
onset of other AAD complications. Accordingly, identifying
potential risk factors is crucial in the prevention of AAD.

To date, the cause of AAD is not yet clear. Previous studies
have reached consensus on a few clinical risk factors, such as
hypertension, congestive heart failure, hyperlipidemia, and other
underlying diseases.3,7 Some studies have found that meteo-
rological factors have an impact on AAD incidence. For ex-
ample, Takagi et al.8 found that AAD incidence reached the
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highest (28.2%) in winter and lowest (20.6%) in summer.
However, few studies have considered air pollution as a po-
tential risk factor for AAD. Xie et al. studied 345 patients from
Chengdu city, and found that the air quality index (AQI) and
PM2:5 concentration were important risk factors for AAD in-
cidence.9 Chen et al found a significant and robust association
between short-term PM2:5 exposure and increased AAD hos-
pitalizations in Shanghai, China.10 However, evidence of AAD
risk associated with short-term exposure to air pollution in
different areas is limited.

Most studies have focused on the impacts of air pollutants
in heavily polluted areas, such as Beijing,11 Shenzhen,12 and
Delhi.13 Relationships between moderate levels of pollutants
and AAD incidence have been rarely studied. Since more and
more evidence estimated the associations between low-level
air pollution exposure and increased mortality, it is necessary
to fill the gaps in this area.14 Our study aimed to identify the
impacts of moderate pollution on AAD in Northwest China
by studying residents in Xi’an city, expanding the data to a
new study area. Meanwhile, existing research found AAD
incidence had seasonal variation,8 while others showed no
predictive power of season on AAD events.15 Since Xi’an
belongs to the winter heating zone, and the concentrations of
air pollutions are different between heating season and non-
heating season (Figure A-1), this paper also analyzed the
impact of seasonal variation on AAD incidence.

Material and Methods

Study Area

This study was carried out in Xi’an, the capital of China’s
northwestern Shaanxi province. Xi’an, with a population of
more than 7 million, has a sub-humid continental monsoon
climate. The mean annual temperature in Xi’an is 15.6 °C,
with relatively moderate humidity (60.8% ± 16.4%). Xi’an

is bordered by the Weihe River and the Loess Plateau to the
north and the Qinling Mountains to the south, resulting in
the dominant wind direction to the northeast. The unique
nature of the terrain makes Xi’an highly susceptible to the
accumulation of air pollution. Airborne dust, coal burning,
traffic, and industrial pollution are main sources of PM2:5 in
Xi’an.16 Since the Chinese Action Plan for Air Pollution
Prevention and Control was implemented in 2013, Xi’an’s
air quality has improved significantly. During the study
period, there were more than 50% of the days per quarter
were classified as mildly polluted, and more than 30% of the
days were classified as moderately polluted according to
both China and U.S. AQI standards17,18 (Figure A-2).
Therefore, it is reasonable to designate Xi’an as a moder-
ately polluted area.

Daily AAD Incidence Data

Hospital admissions were used to represent the AAD inci-
dence in our model. The electronic medical records (EMRs)
of patients with AAD admitted to the target hospital in Xi’an
were collected from December 1, 2013 to December 31,
2016. The target hospital is one of the largest hospitals in
Northwestern China, with 3.26 million outpatients and
emergency visits in 2019, accounting for nearly 26% of the
total number of general hospital outpatients in Xi’an ac-
cording to Xi’an Statistical Yearbook (2018–2019). There-
fore, our collected data are reasonably representative of the
patient population in Xi’an.

Acute aortic dissection patients were identified according
to the International Classification of Diseases Revision 10
(ICD-10) I71.0 diagnosis code. Each EMR record included
length of hospitalization, sex, age, date of birth, address, time
of admission, time of discharge, and medical diagnosis. The
exclusion criteria were as follows: (1). permanent residence

What We Already Know
1. Air pollutions had adverse effects on cardiovascular disease in heavily polluted areas, while evidence showed low-level
air pollution exposure is also harmful.

2. Acute aortic dissection is fatal but no apparent symbols before onset, and prevention of aortic dissection can save lives.
3. The associations between air pollutants and acute aortic dissection incidence are not fully understood.

What This Article Adds
1. This paper focuses on air pollution in a moderately polluted area and provides evidence for adverse effects of low-level
air pollutant exposure on cardiovascular diseases.

2. This paper reveals significant associations between short-term air pollutants exposure and daily AAD incidence, helping
cardiovascular patients to prevent the occurrence of AAD in their daily life.

3. This paper emphasizes the adverse effects of PM10 and SO2 on the incidence of AAD, complementing the existing
literature that mainly focused on PM2:5 and ignored other pollutants.

Implication of This Article Towards Theory, Practice, or Policy
1. The results of this paper supplement the literature on the health effects of moderately polluted areas.
2. This paper gives a new idea for the daily prevention of AAD in cardiovascular patients that they should pay more

attention to the possibility of onset with high concentrations of PM10 and SO2.
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outside of Xi’an; (2). endophytic aortic disease due to prior
cardiac surgery or interventional repair; and (3). patients with
chronic aortic dissection. In total, 494 AAD patients were
enrolled in our study. The protocol of study and accessing the
hospital admission data was approved by the ethics com-
mittee of First Affiliated Hospital of Xi’an Jiaotong Uni-
versity (Number XJTU1AF2021LSK-2021-114).

Air Quality and Meteorological Data

Hourly averaged concentrations of six criteria air pollutants
(PM2:5, PM10, SO2, NO2, CO, and O3) from December 1,
2013 to December 31, 2016 were downloaded from website
of China Ministry of Ecology and Environment (http://
datacenter.mee.gov.cn). The data were collected from 13
monitoring stations in Xi’an (Figure A-3). Selected pollutants
included fine particles with a diameter of 2.5 μm or less
(PM2:5, μg=m3), coarse particles with a diameter of 10 μm or
less (PM10, μg=m3), sulfur dioxide (SO2, μg=m3), nitrogen
dioxide (NO2, μg=m3), carbon monoxide (CO, mg=m3), and
ozone (O3, μg=m3). The missing measure rate was .2%.
Missing data were imputed by linear interpolation.

Meteorological data were obtained from the Xi’an Meteoro-
logical Service Center. For each day, the following parameters
were assessed: minimum temperature ð°CÞ, maximal temperature
ð°CÞ, diurnal temperature range ð°CÞ, mean relative humidity
(RH, %), AQI, and daily temperature, which was calculated by
averaging the maximum temperature and minimum temperature.

Statistical Analysis

Acute aortic dissection incidence data, daily air pollution
concentrations, and weather data were linked through calendar
data and then analyzed for exposure-response associations.
Discrete variables are presented as percentages. Continuous
variables are presented as means ± standard deviations (SD).
Categorical variables are expressed as total numbers and
percentages. The RR and its 95% confidence interval (CI) were
calculated for each 10-unit increase in each pollutant. Since the
daily number of AAD incidents had a quasi-Poisson distri-
bution, a generalized additive model (GAM) was adopted to
capture the short-term effects of air pollutants on AAD
incidence.19,20 All statistical tests were two-sided, and a P-
value < .05 was considered statistically significant. R software
version 3.6.1 was used to perform all statistical analyses. R
package mgcv V1.8-33 was used to build the GAM.

Since some of the pollutants had obvious non-normal dis-
tributions, the correlations between weather conditions and air
pollution factors were evaluated by the Spearman correlation
test. Locally weighted scatter plot smoothing (LOWESS) curves
with 95% CIs were used to present the seasonal, monthly, and
daily variations in the incidence of AAD.

Generalized additive models can reveal nonlinear rela-
tionships between health effects and environmental factors.20

The natural cubic spline function was used to adjust for long-

term trends of date and season. Dummy variables were used
to adjust for confounder variables such as seasonal trends,
day of the week, and public holidays. Single-pollutant models
were used to explore the individual effects of each pollutant.
A multiple-pollutant model was used to explore the joint
effects of all the pollutants. Degrees of freedom (df) were
selected by the Akaike information criterion (AIC). The
GAM model in our study was as follows:

Log½EðytÞ� ¼ αþ βXt þ sðcalendartime, df1Þ
þ sðtemperature, df2Þ

sðhumidity, df3Þ þ factorðseasonÞ þ factorðDOW Þ [1]

þfactorðholidayÞ þ ε

where EðytÞ represented the expected number of AAD in-
cidences on day t; Xt represented the concentration of pol-
lutants at day t; β was the regression coefficient and
represented the relative risk (RR) of AAD incidence asso-
ciated with a 10-unit increase in each pollutant concentration;
DOWwas a dummy variable representing the day of the week
(Monday to Sunday) used to control for short-term fluctua-
tions in daily AAD incident number; function s was a natural
cubic spline function; df1, df2, and df3 represented the DF for
the long-term trend of calendar time in the non-parametric
function to adjust for daily average temperature in the
smoothing function, and to adjust for daily RH in the
smoothing function, respectively; and ε represented the re-
sidual error.21,22 The basic model used 1–20 df , which was
selected with the AIC. Finally, we selected 9 df for the time
variable, 5 df for the temperature variable, and 5 df for the
RH variable.

Since the relationship between air pollution exposure and
the incidence of AAD indicated an “exposure-lag-response”
relationship,23 we selected a 4-phase lag (lag0 to lag4) to
estimate the short-term effects of air pollutants on AAD
incidence. We also took into account moving average lags
(i.e., lag 0:1, lag 0:2, and lag 0:3) to be consistent with
previous studies.19,24 Lag0 indicates that the exposure and
incident occurred on the same day. Lag1 indicates that the
effect of exposure on incidence was delayed by one-day.
Similarly, lag2, lag3 and lag4 represented 2-day, 3-day, and 4-
day delays, respectively. A moving average lag of 0:1 was the
average concentration of the present day and previous day.
Correspondingly, lag 0:2, lag 0:3, and lag 0:4 were the av-
erages of the present day and previous 2 days, previous
3 days, and previous 4 days, respectively.

As Xi’an is a typic central heating city and air quality
varies from non-heating season to heating season,16 we also
analyzed the association between heating/non-heating season
and AAD incidence. According to the central heating pol-
icy,25 heating season begins from November 15th to March
15th next year and non-heating season begins from March
16th to November 14th.

Wang et al. 3
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Results

Descriptive Statistics

Time series trend of air pollutants and meteorological
parameters. Table A-1 presents the summary statistics of air
pollutants and weather conditions in Xi’an during the study
period. Based on the Chinese National Ambient Air Quality
Standards (CNAAQ) Class I (PM2:5 (35 μg=m3), PM10 (50
μg=m3), SO2 (50 μg=m3), NO2 (80 μg=m3), O3 (100 μg=m3),
and CO (4 mg=m3)), PM10 and PM2:5 accounted for the
majority of pollutants on 75.8% and 96.7% of the polluted
days (973 days and 1183 days, respectively), followed by
NO2 (55.6%) and SO2 (46.9%). Obviously, PM10 and PM2:5

were the dominant pollutants in Xi’an. NO2 and SO2 also
accounted for heavy pollution due to residential heating and
industrial production. The seasonal variation in air pollutants
is shown in Figure A-4, in which all pollutants except O3 had
higher concentrations in spring and winter than in fall and
summer, whereasO3 peaked in summer. One potential reason
for theO3 trend was the presence of strong solar radiation and
its formation mechanism.26

The results of the Spearman correlation analyses between
air pollutants and meteorological parameters showed that
PM2:5 and PM10 were highly correlated with each other (r =
.91); SO2 and CO were both weakly negatively correlated
with O3 (r = �.66 and �.61, respectively); both SO2 and CO
had moderate correlations with daily average temperature (r =
�.76, and �.72, respectively); PM2:5, PM10, and NO2 had
relatively weak negative correlations with daily average
temperature (r =�.46,�.45, and�.37, respectively); O3 was
moderately correlated with average temperature (r = .79),
which was consistent with the formation mechanism of O3;
and all pollutants except PM2:5 and CO were negatively
correlated with RH (Table A-2).

Study population and AAD incidence trend. The study enrolled
494 AAD patients, including 372 males (75.42%) and 122
females (24.58%). The average age was 55 ± 13 years. The
average length of hospital stay (LOS) was 12.42 ± 9.6 hours,
indicating that AAD patient’s hospital stay was shorter than
other cardiovascular diseases (e.g., 6 days for congenital heart
disease27), and implying that AAD was developing rapidly
given the high lethality.

Figure A-5 shows the hourly, daily, and monthly trends of
AAD incidence. It is clearly that the AAD incidence had a
seasonal trend, with a high occurrence in cool weather (i.e.,
the heating season) and a low occurrence in warm weather
(i.e., the non-heating season). The monthly variation shows a
clear “V”-shaped pattern, with a tendency to moderately
increase from January to May and sharply decrease from June
to August, followed by a rapid increase from summer to
winter. Specifically, AAD incidence was 1.7 times lower in
July than in the rest of the year, and the difference was
significant (P = .03). For 24-hour incidence, AAD incidents
mostly occurred between 10 AM and 2 PM.

The diurnal temperature range and AAD incidence
followed an inverted U-shaped pattern (Figure A-6). As
the LOWESS curve shows, AAD incidence increased
when the daily temperature was 5-9 °C , remained steady
when the daily temperature was 9–13 °C, and then dropped
sharply when the daily temperature reached 12–15 °C.
This trend suggests that both small and large daily tem-
perature differences did not significantly affect the inci-
dence of AAD.

Table A-3 shows the differences in meteorological con-
ditions between the days with AAD and without AAD in-
cidents. The average temperature and diurnal temperature
range were both significantly lower on the days with AAD
incidents than on those without AAD incidents. In contrast,
PM2:5, PM10, and SO2 were all significantly higher on the
days with AAD incidents. RH CO, NO2, and O3 were not
significantly different between the two groups.

Single-Pollutant Models

Figure 1 shows the lagged effects of the air pollutants on
AAD incidence. The RR for AAD associated with PM2:5

peaked on lag2 (RR = 1.2, 95% CI: 1.19, 1.21). The RRs for
AAD-associated PM10, SO2, NO2, CO, and O3 were statis-
tically significant on the day of exposure (i.e., lag0), increased
on lag1, and attenuated substantially from lag2 onward.
Among all the pollutants, SO2 was associated with the highest
RR at lag1 (RR = 1.43, 95% CI: 1.14, 1.72), followed by
PM10 (RR = 1.21, 95% CI: 1.05, 1.35). The increase in every
10-unit concentration of PM10, SO2, CO, and O3 on lag1
corresponded to 1.15% (95% CI: .25%, 2.05%), .84% (95%
CI: .26%, 1.41%), .51% (95% CI: .19, .83), and .87% (95%
CI: .33%, 1.41%) increases in AAD incidence, respectively,
and every 10-unit increase in PM2:5 on lag2 led to a 1.07%
(95% CI: .17%, 1.97%) increase in AAD incidence (Table
A-4).

Multi-Pollutant Models

The single-pollutant models revealed significant associations
between air pollutants and the daily incidence of AADs. The
combined influence of air pollutants was tested with multi-
pollutant models. Since PM2:5, PM10 and SO2 were associ-
ated with the highest RRs (Figure 1) and were also the major
pollutants of Xi’an (Table A-1), our research focused on the
combined effect of these 3 pollutants.

Figure 2 presents the RRs associated with PM2:5, PM10,
and SO2 in the single-pollutant, two-pollutant, and three-
pollutant models. Figure 2(a)–(c) show that (1) adding either
PM10 or SO2 decreased the effect of PM2:5 on AAD incidence
and (2) there was no fundamental distinction between the
effects of PM10 and SO2 on PM2:5. Conversely, Figure 3(d)
and (e) show that the RR for AAD associated with SO2

increased from 1.2 to 1.39 when SO2 was added. Figure 2(c),
(e), and (f) show that after adding PM2:5 and PM10 , the RRs
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associated with SO2 decreased from 1.43 to 1.38 and .94,
respectively. Finally, Figure 2(g) shows that when all 3
pollutants were introduced into the model simultaneously, the
effect of PM2:5 declined sharply, and PM10 dominated the
combined adverse effect (RR = 1.37, 95% CI: 1.22, 1.53)
(Table A-4).

Comparison Between the Heating Season and
Non-heating Season

Xi’an’s AQIs in the heating season and non-heating seasons
varied. This section discusses the different influences of
PM2:5, PM10, and SO2 on AAD incidence in both the heating
and non-heating seasons. As shown in Figure 3, the RRs for
AAD associated with PM2:5 showed the greatest change
between the heating and non-heating seasons, peaking on
lag1 in the non-heating season and on lag0 in the heating
season. The influence on other lag days was also greater than
that in the non-heating season (P < .05). In contrast, the RRs
associated with PM10 did not change drastically between the
heating season and non-heating season. The RR associated
with SO2 in the heating season was significantly higher than

that in non-heating season (P < .05), but there were no critical
differences among other lag days.

Discussion

Based on the data of 495 AAD patients in Xi’an from De-
cember 2013 to December 2016, the present study analyzed
the relationships between 6 air pollutants and daily AAD
incidents in a moderately polluted area. The largest group of
patients was farmers, followed by retirees (176 and 118,
respectively) (Table A-5). Potential reasons are that farmers
are more accustomed to physical discomfort due to the nature
of their work, and elderly individuals (including retirees) are a
major source of cardiovascular disease.28

The results showed that both air pollutants and temper-
atures affected AAD incidence. In general, the incidence of
AAD showed a seasonal trend. The incidence rate was higher
in heating season than in non-heating season. One possible
reason is that the concentration of air pollutants is higher in
heating season than in non-heating season due to central
heating. The 24-hour incidence rate showed an inverted “U”
pattern, where the incidence gradually increased from 6 AM to

Figure 1. RR (with 95% CIs) for AAD incidence per 10-unit increases in PM2:5, PM10, SO2, NO2, CO and O3 on different lag days.
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11 AM, peaked at noon, decreased subsequently, and valleyed
at night, in line with existing research. Suárez-Barrientos
et al. found that patients who suffered from heart attacks
between 6 AM and noon had higher blood pollutant levels than
those who had heart attacks later in the day.29 We speculate
that this was because the patients’ blood pressures increased
quickly in the morning to prepare them for the day; moreover,
the blood vessels were thick, stiff, and difficult to bend, which
increased the risk of arterial plaque formation. Arterial plaque
along with high blood pressure in the morning resulted in a
ruptured artery.

The single-pollutant models showed that PM2:5, PM10,
SO2, NO2, CO, and O3 had transient lag effects on the in-
cidence of AAD. The highest RR associated with PM2:5

exposure occurred on lag2, and the highest RRs occurred on
lag1 for the other pollutants. Similar to previous studies, our
findings showed that PM2:5 had a significant association with
the incidence of AAD after controlling for confounding
factors, such as long-term trends, weather conditions, and
other gaseous pollutants.9 It was also found that in areas with

the same pollution and temperature conditions as Xi’an, both
SO2 and PM10 had more significant effects on the increase in
AAD incidence than PM2:5. The three-pollutant model
showed that PM10 had a stronger association with adverse
effect than the other 2 pollutants, indicating that serious at-
tention should be given to PM10 when considering the overall
effects of pollutants in moderately polluted areas. The re-
search results are biologically credible since recent literature
has shown that short-term exposure to PM2:5, PM10, and SO2

is a risk factor for hypertension,30 and elevated blood pressure
is an important cause of AAD.7

This study has three limitations. First, this was a retro-
spective study with data selection bias. Second, this work
used hospital admissions to reflect morbidity, so those who
died before arriving at the hospital were excluded, which may
cause data deviation. Third, the air pollutant monitoring sites
were fixed, leading to regional limitations, and the impact of
air pollution may be underestimated.

Our research makes the following contributions to the
prevention of AAD. First, residents of a moderately polluted

Figure 2. RRs (with 95% CIs) for AAD incidence with a 10� μg=m3 increase in PM2:5 on lag2, PM10 and SO2 on lag1 in the single- and multi-
pollutant models.
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city/area with basic cardiovascular diseases, such as high
blood pressure, should take preventive measures when the
daily temperature difference is 9–13 °C. Second, during the
heating season, patients should reduce outdoor activities,
practice indoor air purification, and wear masks to protect
themselves from air pollution. These measures have been
proven to be effective in reducing the impact of air pollution
on cardiovascular disease.31 Third, during the heating season
or when the daily temperature difference is relatively large,
hospitals need to increase their manpower dedicated to
cardiovascular disease and outpatient services to address the
potential increase in patients. Fourth, this research provides
supporting evidence that Xi’an city may not need to spend
billions in the winter season each year to replace the use of
coal for heating with gas. Instead, the saved money could be
used to further support the city government’s existing policies
and regulations to reduce vehicle exhaust emissions and
encourage the use of new energy-efficient vehicles. In a large

city with a population of more than 7 million, these measures
could benefit hundreds of thousands of residents.

Conclusion

This retrospective cohort study explored the adverse effects
of air pollutants on AAD incidence in the moderately polluted
city of Xi’an. The results provide evidence that cold atmo-
spheric temperatures and relatively large daily temperature
changes significantly increase the risk of AAD. The results
demonstrated that increased PM2:5, PM10, and SO2 were
significantly associated with increased risks of AAD in the
multi-pollutant models, in which PM10 and SO2 had greater
influences than PM2:5. The research further found that the
associations between PM2:5, PM10, SO2 and AAD incidence
were stronger in the heating season than in the non-heating
season and that PM2:5, PM10, and SO2, especially PM10 and
SO2, could be strong predictors of AAD incidence.

Figure 3. RRs (with 95% CIs) for AAD incidence in association with PM2:5, PM10, and SO2 on different lag days in the heating season and the
non-heating season.
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Appendix

Figure A-1. Boxplot of AQI and air pollutants between heating season and non-heating season during study period.

Figure A-2. Monthly AQI trend and quarterly AQI range from 2013 to 2018 in Xi’an. Green: AQI 0∼50, good; yellow: AQI 51∼100,
moderate; orange: AQI 101∼150, unhealthy for sensitive groups; red: AQI 151∼200, unhealthy; purple: AQI 200∼250, very unhealthy.
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Figure A-3. Distribution of air quality monitoring sites and location of the target hospital in Xi’an.
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Figure A-4. Time series distribution of pollutants in Xi’an from 2013–2016. Solid line: Class I standard of air pollutant concentration
according to the CNAAQS; dashed line: Class II standard of air pollutant concentration according to the CNAAQS.
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Figure A-5. Daily, hourly, and monthly AAD incidence trends from December 2013 to December 2016.

Figure A-6. LOWESS regression curve of AAD incidence based
on diurnal temperature range.

Wang et al. 11



Table A-1. Summary statistics of annual air pollutants and meteorological conditions in Xi’an from December 2013 to December 2016.

Variables Mean ± SD Min P25 Median P75 Max C1 (%) C2 (%)

PM2:5, μg=m3 70.0 ± 53.8 12 36 53 82 437 75.8 29.8
PM10, μg=m3 138.4 ± 80.4 18 82 118 173 581 96.7 83.2
SO2, μg=m3 26.8 ± 22.1 3 12 19 34 155 46.9 8.2
NO2, μg=m3 43.8 ± 20.8 0.8 32 43 56 109 55.6 19.6
O3, μg=m3 71.3 ± 48.5 7 31 57 107 244 28.2 4.7
CO, mg=m3 5.3 ± 12.4 0.6 1.2 1.6 2.4 81 9.2 9.2
Average temp C 15.3 ± 9.5 �6 6.5 16.3 23.5 33.5 — –

Diurnal temp C 9.2 ± 3.1 1 7.9 10 11 19 — –

RH (%) 60.9 ± 16.5 18 49 60 73 97 — –

*C1, C2: the ratio of the number of days when concentration exceed the Class I/II standard to the number of total study days.
*P25, P75: 25th percentile and 75th percentile.
*Class I 24-hour average value standard: PM2:5 (35 μg=m3), PM10 (50 μg=m3), SO2 (50 μg=m3), NO2 (80 μg=m3), O3 (100 μg=m3, 8-hour average), and CO (4
mg=m3).
*Class II 24-hour average value standard: PM2:5 (75 μg=m3), PM10 (150 μg=m3), SO2 (150 μg=m3), NO2 (200 μg=m3), O3 (160 μg=m3, 8-hour average), and CO (4
mg=m3).

Table A-2. Results of spearman correlation analyses between air pollutants and meteorological conditions.

Variables PM2:5 SO2 CO NO2 O3 Average Temp RH

PM2:5 .91* .69* .73* .65* �.46* �.46* .03
PM10 .71* .72* .67* �.39* �.45* �.19*
SO2 .80* .62* �.66* �.76* �.27*
CO .59* �.61* �.72* �.04
NO2 �.29* �.37* �.14*
O3 .79* �.23*
Average temp .02*

*: P value < .05; RH: relative humidity.

Table A-3. Comparisons of the meteorological conditions on days with and without AAD incidents.

Variables Days with AAD (n = 275) Days without AAD (n = 949) P value

PM2:5, μg=m3 83.16 ± 49.73 66.27 ± 56.56 <.01*
PM10, μg=m3 130 ± 79.68 110.56 ± 86.19 <.05*
SO2, μg=m3 25.68 ± 21.18 21.18 ± 20.02 .03*
CO, mg=m3 2.77 ± 7.34 3.12 ± 8.81 .1
NO2, μg=m3 45.23 ± 18.93 42.95 ± 21.58 .14
O3, μg=m3 67.75 ± 48.12 69.37 ± 51.11 .53
Ave. tempC 19.35 ± 10.07 20.09 ± 10.09 .03*
Diurnal temp C 9.80 ± 8.72 11 ± 9.31 <.05*
RH, % 60.79 ± 17.36 60.94 ± 16.14 .75

*: P<.05; RH: relative humidity.
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