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Short-term population-based non-linear
concentration–response associations between fine
particulate matter and respiratory diseases in
Taipei (Taiwan): a spatiotemporal analysis
Hwa-Lung Yu1 and Lung-Chang Chien2,3

Fine particulate matter o2.5 μm (PM2.5) has been associated with human health issues; however, findings regarding the influence
of PM2.5 on respiratory disease remain inconsistent. The short-term, population-based association between the respiratory clinic
visits of children and PM2.5 exposure levels were investigated by considering both the spatiotemporal distributions of ambient
pollution and clinic visit data. We applied a spatiotemporal structured additive regression model to examine the concentration–
response (C–R) association between children’s respiratory clinic visits and PM2.5 concentrations. This analysis was separately
performed on three respiratory disease categories that were selected from the Taiwanese National Health Insurance database,
which includes 41 districts in the Taipei area of Taiwan from 2005 to 2007. The findings reveal a non-linear C–R pattern of PM2.5,
particularly in acute respiratory infections. However, a PM2.5 increase at relatively lower levels can elevate the same-day respiratory
health risks of both preschool children (o6 years old) and schoolchildren (6–14 years old). In preschool children, same-day health
risks rise when concentrations increase from 0.76 to 7.44 μg/m3, and in schoolchildren, same-day health risks rise when
concentrations increase from 0.76 to 7.52 μg/m3. Changes in PM2.5 levels generally exhibited no significant association with same-
day respiratory risks, except in instances where PM2.5 levels are extremely high, and these occurrences do exhibit a significant
positive influence on respiratory health that is especially notable in schoolchildren. A significant high relative rate of respiratory
clinic visits are concentrated in highly populated areas. We highlight the non-linearity of the respiratory health effects of PM2.5 on
children to investigate this population-based association. The C–R relationship in this study can provide a highly valuable
alternative for assessing the effects of ambient air pollution on human health.
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INTRODUCTION
Increased rates of mortality, cardiovascular disease, and respira-
tory disease associated with exposure to particulate matter have
been observed in numerous studies.1–7 In particular, a consensus
has confirmed the causality between elevated PM2.5 concentra-
tions and increased mortality rates for cardiovascular disease,
especially for fine particulate matter with aerodynamic diameters
of o2.5 μm (PM2.5).

8 Numerous studies have also suggested that
high levels of PM2.5 might elevate the risk of hospitalizations and
emergency admissions for respiratory diseases.9–12 For example,
an investigation has shown that a modest increased risk of
bronchiolitis is attributable to high PM2.5 levels, particularly for
infants born during peak respiratory syncytial virus seasons.13

Significant positive associations between PM2.5 levels and the
prevalence of both asthma and influenza were also revealed.14

Additionally, PM2.5 levels had a significant impact on pneumonia
mortality and hospitalizations.15,16 For people who suffer from
chronic obstructive pulmonary disease, significant relationships

between PM2.5 levels and hospital admissions, emergency room
visits, and mortality rates were assessed.17–20 However, to date,
the limited number of studies focusing on the association of PM2.5

levels and respiratory diseases resulting in minor health effects
have rendered inconsistent conclusions.10,21–23

Epidemiologic associations determined from assessing respira-
tory health effects that result from exposure to air pollutants
have been derived from a variety of statistical methods, such
as generalized linear models, logistic regressions, and Poisson
regressions.22,24–27 This methodology is primarily based on the
linear assumption that changes in any health measure are incre-
mentally related to exposure. However, studies have investigated
possible non-linear relationships between health measures and
exposure levels by using threshold-based models or generalized
additive models.3,28–37 Some of these studies have shown a non-
linear association between mortality and PM2.5 concentrations,
implying that the relationship between concentration change and
health responses is not proportional.30,31,38–40 In other words, the
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analysis of health outcomes that use models with linear assump-
tions to explain exposure variables might be influenced by the
variation of concentration–response (C–R) slopes at different
concentration levels, yielding inconsistent or unreliable results in
the previous studies. While the assessment of mortality was
discussed in Pope in 2000,39 analyzing non-linear C–R relation-
ships can help determine the threshold of environmental
pollution levels associated with a variety of selected health issues.
Very few studies have investigated the non-linear C–R relation-
ships of the health outcomes associated with respiratory diseases
(e.g., clinic visits).
Substantial geographic heterogeneity has been shown to be a

factor in the adverse health responses that result from PM2.5

exposure across spatial locations in several multiregional
studies.7,23,25,26,41–44 This can be partially explained by the fact
that the measurement of particulate matter actually involves the
measurement of chemical compositions, which can vary across
geographical regions. Therefore, the toxicological effects and
associated health impacts of particulate matter can change even
at similar PM2.5 levels. Moreover, the average levels of PM2.5 that
vary depending on location can affect the C–R slope across the
study area if non-linearity exists in C–R relationships. As shown in a
report by the World Health Organization,45 it is not unusual that
long- or short-term PM2.5 levels in Asian countries are much higher
than those in the United States or Europe, particularly in heavily
populated metropolitan areas. In other words, the epidemiologic
analyses of the effects of PM2.5 levels on health obtained from
studies in Western countries at certain PM2.5 levels or with specific
chemical compositions may not be appropriate for direct applica-
tion to other countries. In particular, analyses that only consider
the linear association between health outcomes and air pollutant
levels may be skewed.
To uncover any short-term respiratory health effect associated

with specified levels of PM2.5 exposure, this study adopted a
Bayesian spatiotemporal modeling approach for investigating the
non-linear C–R relationship between PM2.5 concentrations and
children’s respiratory health outcomes while controlling for
temporal autoregressive correlation, spatial autocorrelation, and
copollutants.46 The health data were obtained from the National
Health Insurance database in Taiwan between 2005 and 2007. The
two main research objectives are as follows: (1) to establish the
C–R association between PM2.5 levels and children’s respiratory
diseases; and (2) to display the role of spatial impact in the
evaluation of the C–R curve.

METHODS
Clinic Visit Data
Children’s respiratory clinic visit data were obtained from the database of
Taiwan’s National Health Insurance program, which is contracted with
more than 97% of the hospitals and clinics in Taiwan and enrolls more than
96% of Taiwanese residents. Because it contains the information of more
than 99.6% of the insured inhabitants of Taiwan, the database is one of the
most comprehensive health insurance databases worldwide. The Taiwan
National Health Research Institutes maintains this database and has
established a standard procedure to guarantee the quality and accuracy of
claims data.47 Owing to personal confidentiality concerns, all individual
health informations such as personal and hospital identification numbers
are encrypted before release. The International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) is used to retrieve cause-
specific diseases. Children ≤ 14 years old with the following respiratory
diseases were recruited in this study: acute respiratory infections that
include the common cold, sinusitis, pharyngitis, tonsillitis, laryngitis and
tracheitis, bronchitis, and bronchiolitis (ICD-9-CM: 460–466); other diseases
of the upper respiratory tract that include allergic rhinitis, peritonsillar
abscess, and laryngotracheitis (ICD-9-CM: 470–478); pneumonia and
influenza (ICD-9-CM: 480–488). This population-based clinic visit data
includes both ambulatory and emergency room visits. In this study, we
analyze the clinic visit data of preschool children (o6 years old) and

schoolchildren (6–14 years old) that occur in the Taipei area from 2005
to 2007.

Study Area and Air Quality Data
Taipei is the largest metropolitan area in Taiwan and comprises two
administrative areas (i.e., Taipei City and New Taipei City) with a population
size of ~ 7 million. Traffic is the dominant emission source of air pollution in
the area.48 This study area is located in the Taipei Basin, which is bound by
the Yangming Mountains to the north, Linkou Mesa to the west and the
ridge of Snow Mountains to the southeast. The characteristics of the basin
landscape can constrain the diffusion of PM particles from emission
sources and exacerbate the poor air quality in the metropolitan area.49

Figure 1 shows the topography, main highways, and rivers of the Taipei
metropolitan area. The air quality monitoring network operated by Taiwan
Environmental Protection Agency regularly monitors the criteria pollutants.
As shown in Figure 1, the monitoring stations are mostly located in
populated areas. The spatiotemporal daily estimations of air quality data in
each district from 2005 to 2007 was based on the Bayesian maximum
entropy method. In our analysis, the air quality data that was under
detection limits were considered as the soft data with ranges between 0
and instrumental detection limits published by TWEPA. Details of the
Bayesian maximum entropy method used in air quality modeling in Taiwan
can refer to Yu and Wang.50 The substantial discrepancy of the estimated
PM2.5 measurements at the district level revealed that the PM2.5 level in the
urbanized regions of Taipei are ~ 1.7 times higher than those in the
surrounding areas (Supplementary Table S1).

Data Analysis
This study considered a structured additive regression model to describe
the non-linear association between air pollutants and clinic visits by
children owing to respiratory diseases imposed upon a spatiotemporal
pattern. Suppose the outcome Ydt is the number of clinic visits for children’s
respiratory disease at day t (t= 1, 2, …, 1095) in district d (d= 1, 2,…, 41),
following a Poisson distribution denoted by POI(μdt). This parameter can be
modeled via a Poisson model framework; however, the Ydt exhibits larger
variances than the one allowed in the theoretical Poisson model.51 Hence,
we adopted a quasi-Poisson model framework to accommodate the
observed overdispersion effects:

log μdtð Þ ¼ interceptþ DOWð Þt þ Holidayð Þt þ f PM2:5dtð Þ þ f TPdtð Þ
þ f tð Þ þ

X
f copollutantð Þdt þ f spat dð Þ þ offset

where (DOW)t contains six dummy variables for days-of-the-week from
Monday to Saturday (i.e., Sunday is the reference level), and a holiday
dummy variable for national holidays and summer/winter vacations. Σf
(copollutant)dt contains smoothers of copollutants only from NOx, O3, and
cPM (i.e., PM10− PM2.5). The smoothing function for PM2.5 was denoted by f
(PM2.5dt). The time smoothing function f(t) stands for calendar time-
adjusted long-term temporal trends during the study period. The
temperature smoother f(TPdt) adjusted the effects of weather. All
smoothing functions applied the B-spline with a second-order random
walk penalty,52 so the smoothing function f(PM2.5dt) was used to evaluate
the C–R association. A series of model selections was implemented to
determine whether copollutants should be linear or non-linear in the final
STAR model. The spatial influence was analyzed by Markov random fields
using a normally distributed conditional autoregressive prior: 53

f spat d
0ð Þjd≠d0 ~N

X
d0 Azd

f spat d
0ð Þ=Nd ; σ

2
d=Nd

� �

where the denominator Nd is the number of neighboring districts adjacent
to district d, and Θd is a subset of neighbors of district d. The variance σ2d
and unknown smoothing parameters are estimated simultaneously with
hyperpriors following inverse Gamma distributions IG(0.001, 0.001). The
offset was the logarithm of the district-level population of children.
The percentage increase of relative rate (RR) was calculated using (exp

(linear estimates)− 1) × 100%, whereas the C–R curve of PM2.5 was
demonstrated by the percentage increase of RR per 10 μg/m3 increase,
using (exp(non-linear estimates × 10)− 1) × 100%. The exponentiation of
spatial function can estimate the RR in each district compared with the
mean RR for all districts.54 Each spatial function has a 95% posterior distri-
bution to determine the significance of the spatial estimate in each district.
The visualization for RR from the spatial function with corresponding 95%
posterior probability was proposed to highlight the spatial pattern of
children’s respiratory clinic visits. The autocorrelation function for
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estimated parameters with the maximum lag number reveals that all the
lags were within − 0.1 and 0.1, suggesting that autocorrelations were well
controlled in the final model (data not shown here). The McNemar’s test
was applied to test whether the spatial significance among districts is
concordant between preschool children and schoolchildren. A sensitivity
analysis was performed by changing the number of knots in temperature
and time smoothers in the final model to identify whether the PM2.5

smoother has explicit changes. Data management, demographic statistics,
and categorical data analysis were generated using SAS v9.3 software (SAS
Institute, Cary, NC, USA). Spatiotemporal data analyses were conducted
using the BayesX v2.1 software package.55

RESULTS
Table 1 shows summary statistics for the four air pollutants used in
this study as well as temperature, revealing greater deviations,
especially in PM2.5 and NOx, which can have minimum values
below 1 μg/m3 or 1 p.p.b., but maximum values can be as large as
119.56 μg/m3 and 159.56 p.p.b., respectively. Figure 2 displays
district-level crude rates of children’s daily respiratory clinic visits
and reveals that the distribution of each crude clinic visit rate was
not uniform across the study area, especially for acute respiratory
infections.
Figure 3 presents the geographic distribution of the daily

average air pollutant measurements in Taipei over the 3 years of
the study period, displaying the varied spatial patterns among the
four air pollutants. Greater average PM2.5 values reached concen-
trations as high as 32.03 μg/m3 per day in eastern districts of

Taipei, whereas districts located in the mountain area (i.e.,
southern and western Taipei) exhibited smaller averages as low
as 14.27 μg/m3 per day. Similar situations also occurred with
regard to cPM. NOx was distributed uniformly across most districts,
but three districts exceeded the average levels of the other
districts, with the Sanchong District having the highest levels
(66.29 p.p.b. per day).
The RR percentage change for each day of the week compared

with Sunday for children’s respiratory clinic visits is shown in
Supplementary Table S2. The results suggest the following: (1) the
highest RR percentage increase for clinic visits involving three of
the three respiratory diseases studied occurred on Mondays in

Table 1. Summary statistics of air pollutants (PM2.5, NOx, O3, cPM) and
temperature.

Mean SD Min Q1 Q3 Max

PM2.5 (μg/m3) 25.75 14.79 0.76 14.82 33.23 119.56
NOx (p.p.b.) 38.81 16.10 0.07 27.81 45.58 159.56
O3 (p.p.b.) 25.89 9.15 0.24 19.48 31.77 75.10
cPM (μg/m3) 20.86 9.62 0.02 14.74 25.27 82.33
Temperature (°C) 23.76 5.36 8.74 19.50 28.48 32.82

Abbreviations: cPM, particulate matter o10 μm minus particulate matter
o2.5 μm; NOx, nitrogen oxides; O3, ozone; PM2.5, fine particulate matter
o2.5 μm.

Figure 1. Map of Taipei City (surrounded by green boundaries) and New Taipei City.
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both age groups investigated. However, upper respiratory tract
disease clinic visits occurred with a greater RR percentage increase
on Saturdays; (2) pneumonia and influenza clinic visits exhibited a
significant RR percentage increase on each day of the week,
ranging from 4.00% (95% CI: 2.76, 5.25) on Wednesday to 48.89%
(95% CI: 47.35, 50.44) on Monday for preschool children, and from
3.93% (95% CI: 2.52, 5.36) on Thursday to 50.15% (95% CI: 48.38,
51.95) on Monday for schoolchildren. Moreover, national holidays
and summer/winter vacations had significantly decreased RR
percentages up to − 6.03% (95% CI =− 6.93, − 5.12), except for
other upper respiratory tract diseases in schoolchildren.
For acute respiratory infections, the C–R curve of PM2.5

concentrations in Figure 4a exhibited a strong association of
increasing RR percentages for both groups with respect to PM2.5

concentration increases at relatively lower levels. The RR
percentage for preschool children visits exhibits an increasing
trend from negative to positive at relatively low PM2.5 levels in the
range between 0.76 and 7.44 μg/m3. Similarly, an increasing trend
of RR percentage for schoolchildren clinic visits also presented
from 0.76 to 7.52 μg/m3. No significant association was found
between PM2.5 concentration changes and acute respiratory

infections at relatively higher PM2.5 levels, except at extremely
high PM2.5 concentrations. For preschool children, a high PM2.5

concentration (493.44 μg/m3) caused the RR percentage of clinic
visits to greatly increase from 7.50% to 42.11% when PM2.5

concentrations reached 100.33 μg/m3. A significant impact on
clinic visits by schoolchildren are noted when PM2.5 concentra-
tions are 490.52 μg/m3. With extreme increases in PM2.5

concentrations 497.92 and 95.91 μg/m3, RR percentage increases
in clinic visits were observed in other diseases of the upper
respiratory tract for both preschool children and schoolchildren, as
shown in Figure 4b. While Figure 4c indicates that preschool
children’s clinic visits for pneumonia and influenza did not exhibit
explicit variations on the C–R curve for PM2.5, the significant
impact of extremely high concentrations of PM2.5 on the clinic
visits of schoolchildren still appeared.
Figure 5 displays the varied spatial pattern of RR computed

from the estimated spatial function among three types of
respiratory diseases for preschool children’s clinic visits in Taipei.
For acute respiratory infections in Figure 5a, 32 of 41 districts
(78.05%) have RRs that are significantly higher than the average.
The RRs in the other districts, which are all located in the outskirts

Figure 2. Geographical distribution of the crude rate (/100,000 children) of children’s clinic visit for (a) acute respiratory infections, (b) other
diseases of the upper respiratory tract, and (c) pneumonia and influenza.
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close to mountains and coastal lines, are significantly lower than
the average. A similar spatial pattern was also observed in other
diseases of the upper respiratory tract in Figure 5b, but the highest
RR located in the Jhongjheng District was elevated to 9.26 (95% CI:
8.65, 9.90). Fewer districts with significantly higher RRs for
pneumonia and influenza are shown in Figure 5c.
Figure 6 displays the spatial pattern of RR for schoolchildren’s

respiratory clinic visits. Compared with preschool children, over a
half of districts had a smaller RR for schoolchildren, especially in
those districts of Taipei City for other upper respiratory tract
diseases (9 of 12 districts) and pneumonia/influenza (11 of 12
districts) shown in Figures 6b and c. Nonetheless, the significant
spatial patterns were similar for both groups. In particular, upper
respiratory tract diseases had identical significance maps between
preschool children and schoolchildren (Figure 5b versus 6b). For
the other two types of respiratory diseases, we also found no
statistically significant difference between two groups because all
P-values are 40.05. Sensitivity analysis results show that the PM2.5

smoothers were robust with respect to the varying of the number
of knots in temperature and time smoothers in each of the
respiratory disease categories studied in both preschool children
and schoolchildren. These findings imply that the proposed model
in this study can adequately capture the non-linear C–R asso-

ciation between PM2.5 concentration levels and children’s
respiratory clinic visits.

DISCUSSION AND CONCLUSIONS
This was the first spatiotemporal study to assess a population-
based C–R curve evaluating the occurrence of respiratory disease
in relation to PM2.5 exposure. We focused on the short-term
associations between children’s daily clinic visits and concurrent
PM2.5 concentrations with additional consideration of other
ambient air pollutants. The availability of National Health
Insurance (data in Taiwan enables this population-based C–R asso-
ciation analysis, and yields more representative results than those
obtained in previous studies, which have analyzed local hospital
admissions and mortality data.12,27,34,40,41,56 In addition, hospital
admissions and mortality data review severe illnesses, which
implies that the results from previous analyses might have
underestimated effects in the general population.57,58 In other
words, the C–R relationship for clinic visit data in this study can
provide a highly valuable alternative for assessing the effects of
ambient air pollutant exposure on human health.
This study revealed a non-linear association between health

outcomes and different levels of PM2.5. Children’s respiratory

Figure 3. Geographical distribution of the average air pollutant measurement for (a) PM2.5, (b) NOx, (c) O3, and (d) cPM.
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health is sensitive to increments of PM2.5 concentration primarily
at relatively low and high ranges, which are concentrations lower
than 10% and higher than 75%, respectively. Specifically, in acute
respiratory infections, this study reveals the increasing RR of
respiratory clinic visits that may have been impacted by PM2.5

concentration levels in both preschool and school children
populations. This finding is consistent with the results of previous
studies that have shown an association between the incidence of
respiratory infections and elevated PM2.5 levels.25,27,59 Further-
more, this paper reveals the non-linear behavior for associations

between PM2.5 levels and respiratory health outcomes. These
findings might partially explain the high discrepancy in the slope
of health changes regarding PM2.5 levels and emission character-
istics that were noted in previous studies.21,22,56 For example, no
significant association between PM2.5 concentration levels and the
incidence of respiratory diseases were identified in a multicity
study conducted in France.56 These findings can possibly be
attributed to the high heterogeneity of the study population and
the emission patterns within the studied cities. In this study, there
was also a high variance of topography and medical resources in

Figure 4. C–R curve of PM2.5 for (a) acute respiratory infections, (b) other diseases of the upper respiratory tract, and (c) pneumonia and
influenza. Shaded areas and blue dashes represent 95% and 80% CIs, respectively.
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Figure 5. Maps of relative rate calculated by spatial function for preschool children’s clinic visits for (a) acute respiratory infections, (b) other
diseases of the upper respiratory tract, and (c) pneumonia and influenza.
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Figure 6. Maps of relative rate calculated by spatial function for schoolchildren's clinic visits (a) acute respiratory infections, (b) other diseases
of the upper respiratory tract, and (c) pneumonia and influenza.
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the areas studied. In addition to acute respiratory infections, our
results reveal that PM2.5 concentrations can increase the risk of
other upper respiratory diseases, pneumonia and influenza.9,27,59

The potential non-linear PM2.5 C–R association for pneumonia and
influenza can be primarily observed in schoolchildren, but not in
preschool children. The results document that the changes in
PM2.5 levels have less impact on the respiratory health status of
preschool children compared with the respiratory health status of
schoolchildren. In particular, no association is observed in school-
children, especially in pneumonia and influenza. Although our
study was population-based, some uncertainty remains in our analysis
owing to the potential scaling issue in space. Both the environmental
and clinic data are averaged with respect to townships, which can
smooth out the C–R associations in the analysis.
The evaluation of C–R curves has been widely used for

identifying the potential PM2.5 threshold under which no health
outcomes can be observed. Such an approach has primarily been
applied to investigate the relationship between mortality and air
quality levels.30,31,38,43,60 Our results document no PM2.5 threshold
for health effects that can be identified for respiratory infections
and diseases. This result is similar to previous findings for other
conditions such as mortality and cardiovascular diseases.3,39

In addition, when PM2.5 concentrations are low, the association
between the respiratory health responses and PM2.5 levels are nearly
linear, which is similar to previous findings regarding mortality.31 This
study further revealed that respiratory health effects can be saturated
as long as PM2.5 levels do not exceed 90.52 μg/m3. The occurrence of
PM2.5 levels 490.52 μg/m3 is relatively rare, but does occur during
events such as Asian dust storms. During these dust storms, chemical
compositions of PM2.5 concentrations are completely different from
those of regular days.61–63

The spatial function using a conditional autoregressive prior in
Markov random fields in this study notes the existence of a
significant geographic disparity in children’s respiratory clinic
visits, and this disparity was unable to be identified by unstruc-
tured random effects. The spatial distributions of all respiratory
health measures are closely associated with the topography of
Taipei, where districts with a higher RR for respiratory clinic visits
are more urbanized and populated. The geographical distribution
of RR is associated not only with the spatial variation of exposure
levels, but also with other confounding factors, such as the dis-
tribution of medical resources and population characteristics.64,65

The geographical heterogeneity among the urbanized districts is
lower for upper respiratory infections than for more severe health
conditions (e.g., pneumonia), and this holds particularly true for
schoolchildren.
This study highlights the importance of accounting for the non-

linearity of C–R relationship in understanding the possible health
impact of PM2.5 concentrations on respiratory diseases. In other
words, this non-linearity can make the interpretation of the short-
term respiratory health effects of PM2.5 concentrations difficult.
Comparing the linear PM2.5 concentration results with the non-
linear PM2.5 concentration smoother results, more detailed PM2.5

impacts are demonstrated. This gives more accurate scientific
meaning to the diverse variation of PM2.5 affecting children’s
respiratory disease. Through the use of a population-based health
data set, this study provides information on the health effects of
PM2.5 exposure, and displays the high variability of the C–R
relationship with PM2.5 that is verified in this analysis. Other
confounders associated with clinic visits for respiratory diseases
(e.g., prevalence of cold and flu) may also impact the findings.
Furthermore, complex physical and chemical interactions asso-
ciated with high PM2.5 concentrations can occur in a variety of
environmental conditions, which can additionally strengthen or
weaken any acute respiratory effects. Further analysis is required
to determine the interaction between PM2.5 concentrations and
other environmental and air pollution conditions. Moreover, it
would be valuable to perform further assessments when more of

the NHRI data set is available, as this analysis was only based upon
the 2005–2007 data. In addition, this study did not investigate the
lagged effects of PM2.5 exposure on health responses because the
inclusion of multiple-time non-linear functions in this analysis
might induce an overparameterization issue. However, when
additional health data sets are available, lagged effect analysis
should be performed.
This study focused on a highly vulnerable population to

investigate any substantial effects of PM2.5 concentration levels
on three types of respiratory diseases. Access to daily clinic visit
data from the National Health Insurance in Taiwan provided the
most complete medical records and also encompassed a broad
geographic area over a lengthy time period. Our findings can be
indispensable for policy makers when considering the potential
effects of air pollution on children’s health, and can help
them establish appropriate interventions for protecting vulnerable
residents living in areas where extreme air disasters, such as Asian
dust storms, occur.
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