
ABSTRACT 

Air pollution has been recognized as the major environmental stimuli which may 

cause health effect of lung function decrement and asthma exacerbation. The 

researches for prediction and assessment of the air pollution impact on the respiratory 

system are also growing in recent years. Therefore, the purpose of this dissertation 

were: (i) to conduct an aerosol experiment in a constructed exposure system to 

understand the characteristics of the respiratory deposition for inhaled aerosols, (ii) to 

develop an integrated probabilistic risk approach to assess the risk of airborne dust- 

and ozone (O3)-induced lung function decrement, (iii) to quantify the time-varying 

dynamics of air pollutants to correlate the relationships between fluctuations in air 

pollution and asthma hospital admission, and (iv) to predict asthma hospitalization 

trends in Taiwan by statistical indicators-based regression model. 

This dissertation conducted the aerosol exposure experiment to quantify the 

deposition characteristics of exposure aerosols in human respiratory tract. The 

experimental aerosols included reference oil droplet and road dust particulate sample. 

This study developed an aerosol dynamic model to simulate time-dependent particle 

concentration in exposure chamber and respiratory system. The parameters of particle 

lose in exposure chamber and deposition in respiratory system can be estimated by 

experimental measurements. Thus, the deposition risk can be calculated through 

particle size distribution and size-dependent deposition fraction. This study also 

linked an integrated probabilistic risk assessment framework with published 

experimental data from airborne dust and O3 challenge in individuals. The 

toxicokinetic/toxicodynamic models were used to simulate the dose-response of lung 

function decrement as percentage forced expiratory volume in 1 second (%FEV1) 

under exposure. The highest air pollution events for dust aerosol and O3 exposure data 



in Taiwan regions were also collected for exposure assessment. Then, this study 

employed the time-series data based detrended fluctuation analysis (DFA) exponent 

and statistical indicators of coefficient of variation, standard deviation, skewness, and 

kurtosis to correlate the relationships between fluctuations in air pollution and 

age-specific asthma hospitalizations. Five major pollutants such as PM with 

aerodynamic diameter less than 10 µm (PM10), O3, nitrogen dioxide (NO2), sulfur 

dioxide (SO2), and carbon monoxide (CO) were included. This study further used the 

indicators-built regression model to validate and predict the impact of target air 

pollutants on asthma incidence.  

The experimental result found that the generated aerosols were polydisperse and 

both followed lognormal distribution with geometric mean diameter of 0.52 µm and 

0.26 µm for resuspended oil droplet and road dust, respectively. The predictable 

deposition rate ranged from 0.015 – 0.362 s-1 and 0.013 – 0.157 s-1 in particle size 

ranging from 0.3 – 3.0 µm and 0.3 – 4.0 µm for oil droplet and road dust, respectively. 

The experimental result also revealed that deposition risk in respiratory system for 

inhaled oil droplet was higher than road dust aerosol. The results of air 

pollution-induced lung function decrement indicated that there were 50% probabilities 

of %FEV1 decrement exceeding 16.9% (95% confidence interval (CI): 12.4 – 21.5%), 

18.9 % (14.3 – 23.4%), and 7.1 % (4.0 – 10.2%) in north, center, and south Taiwan 

during Asian dust storm period, respectively. In same study period, the 10% 

probabilities of %FEV1 decrement were estimated to exceed 5.5% (4.4 – 6.8%), 4.4% 

(3.5 – 5.3%), and 12.7% (11.4 – 14.0%) for exposed to O3 in north, central, and south 

Taiwan, respectively. The results from fluctuating air pollution-associated asthma 

exacerbation showed that standard deviation of PM10 time-series data was the most 

correlated indicators for asthma hospitalization for all age groups, particularly for 



elderly. The skewness of O3 time-series data gives the highest correlation to pediatric 

asthmatics. The results also indicated that the integrated DFA exponents were 

significantly correlated with pediatric asthma hospitalization rate. The variability and 

long-range correlation of air pollution can be implicated as the risk warning signals in 

asthma incidence prediction. The results for asthma prediction also showed that 

indicators-built regression model had a better predictability in annual asthma 

hospitalization trends among pediatrics. 

This study provided an integrated framework to assess the risk for air 

pollution-associated lung function exacerbations. The study quantified the 

mechanisms of aerosol deposition and lung function decrement by a dynamic model 

and the risk assessment was also conducted. The experimental and collected data can 

assist in estimating parameter and help the model development. Additionally, the 

proposed fluctuation analysis approach can also provide the novel indicators to 

predict the potential probability in asthma incidence. The statistical indicators inferred 

from time-series information of major air pollutants can further implicate for 

atmospheric environment monitoring and chronic respiratory disease care.  

 

Keywords: Air pollution; Asthma; Lung function; Particle deposition; Dynamic 

modeling; Fluctuation analysis; Statistical indicators; Exacerbations risk 



ύЎᄔाύЎᄔाύЎᄔाύЎᄔा    

фૈΠफ़ϷഹൾϯϐޤǴёԋނᐟڈख़ाϐᕉნࣁۓςᇡࢉԦޜ

଼நਏᔈǴ࣬ᜢܭႣෳϷຑޜԦࢉჹس֎ڥቹៜϐࣴزҭԃቚуǶӢ

ԜǴҁࣴزϐҞࣁޑ (i)ࡌᄬኪ៛سՉጤჴᡍǴаΑှ֎Εጤڥܭ֎

ၰ؈ᑈϐ܄Ǵ(ii)วӝ܄ᐒ॥ᓀϐБݤаຑᕉნύᝌლϷૌ਼

ԋޤфૈΠफ़ϐ॥ᓀǴ(iii)ᙖҗໆϯޜԦނࢉਔᡂϐᄊࡌᄬޜԦނࢉᘋ

܄ᆶഹՐଣϐ࣬ᜢ܄ǴϷ(iv)ᙖҗीࡰࣁ୷ᘵϐᘜኳԄаႣෳѠ

ഹՐଣϐᖿ༈Ƕ 

ҁࣴزՉጤኪ៛ჴᡍаໆϯኪ៛ጤܭΓᡏڥ֎ၰϐ؈ᑈ܄Ǵځύ

ኪ៛ϐጤхୖࡴԵݨᅀϷຉლ༾ಈኬҁǶҁࣴزวጤᄊኳԄаኳᔕΓ

πኪ៛ጃϷس֎ڥϣਔᡂϐ༾ಈᐚࡋǶၸჴᡍ่݀ϐၗё༾ಈܭኪ៛

ᑭϷڥ֎ၰϐ෧ཞϷ؈ᑈϐୖኧǶӢԜǴ؈ᑈ॥ᓀёၸ༾ಈಈᮕϩѲϷಈ৩࣬

ᜢϐ؈ᑈϩीᆉளǶҁࣴزҭаӝ܄ᐒ॥ᓀຑࢎᄬᔈҔܭΓว߄

ϐᝌლϷૌ਼ϐΓᡏኪ៛ჴᡍኧᏵύǴ٠ᙖҗࢥΚϷࢥᄊኳԄኳᔕ

ኪ៛ΠޤфૈಃࣾமڥڋໆΠफ़ԭϩׯᡂϐᏊໆϸᔈᜢ Ǵ߯ҁࣴزҭԏ

ଯޜԦ٣ࢉҹΠѠӦ܄ϐლጤϷૌ਼ኪ៛ᐚࡋၗբࣁኪ៛ຑǶԶ

ࡋϷঢ়ࡋϐྗৡǵᡂ౦߯ኧǵୃࡰኧϷीࡰаѐᖿ༈ᘋϩزǴҁࣴࡕ

ǴԵቾϐѠϖᅿЬा܄ᆶόӕԃសဂഹՐଣϐ࣬ᜢނࢉԦޜҥᘋࡌ

ܭ৩λޔࡴх߾ނࢉԦޜ 10 ༾ԯϐ༾ಈނ፦(PM10)ǵૌ਼ǵΒ਼ϯේǵ

Β਼ϯ౷Ϸ਼ϯᅹǶҁࣴزаीࡰബࡌϐᘜኳԄᡍϷႣෳޑ

 ჹഹวғϐቹៜǶނࢉԦޜ

ჴᡍ่݀วౢғጤࣣࣁ಄ӝჹኧதᄊϩթϐӭϩթǴځӆᝌੌݨᅀϷຉ



ლϐ൳Ֆѳ֡ኧϩձࣁ 0.52Ϸ 0.26 µmǴݨᅀϷຉლ؈ᑈځӧёႣෳಈ৩ጄൎ

0.3 – 3.0 µm Ϸ 0.3 – 4.0 µm ϩձࣁ 0.015 – 0.362 s-1 Ϸ 0.013 – 0.157 s-1Ƕჴᡍ่

݀ҭᡉҢس֎ڥ֎Εݨᅀϐ؈ᑈ॥ᓀଯܭຉლጤǶޜԦࢉԋޤфૈ

Πफ़่݀ࡰрǴӧчǵύǵϷࠄѠࢪ٥ლය໔ϣϐლ༾ಈኪ៛Ԗ 50%ᐒ

ໆΠफ़ԭϩϩձຬၸڥڋಃࣾமځ ǵ(ᒘ໔Ǻ12.4 – 21.5%ߞ95%) 16.9%

18.9 % (14.3 – 23.4%)ǵϷ 7.1 % (4.0 – 10.2%)Ƕܭӕኬϐࣴزය໔ϣǴܭчǵύǵ

Ԗ߾៛Ѡϐૌ਼ኪࠄ 10%ᐒᏤठಃࣾமڥڋໆΠफ़ԭϩϩձຬ

ၸ 5.5% (4.4 – 6.8%)ǵ4.4% (3.5 – 5.3%)ǵϷ 12.7% (11.4 – 14.0%)ǶᘋޜԦࢉ

࣬ᜢഹൾϯ่݀ᡉҢǴჹܭӚԃសϐഹဂǴPM10 ਔ໔ׇӈၗϐྗৡ

߾ࡋଞჹԴԃഹဂǶԶૌ਼ਔ໔ׇӈၗϐୃࢂǴձࡰϐ܄ᜢ࣬ڀനࣁ

ჹู࠸ഹԖന٫ϐ࣬ᜢ܄Ƕ่ ݀ҭวӝϐѐᖿ༈ᘋϩࡰჹู࠸ഹ

ϐՐଣڀԖനᡉϐ࣬ᜢ܄ǶӢԜǴޜԡނࢉϐᡂ౦Ϸߏය࣬ᜢ܄ёբࣁႣ

ෳഹวғϐ॥ᓀҢࡰǶഹႣෳ่݀ҭᡉҢаीࡰࡌᄬϐᘜኳԄ

ჹู࠸ഹՐଣϐԃᖿ༈ڀԖၨ٫ϐႣෳૈΚǶ 

ҁࣴزගٮӝࢎᄬаຑޜԦ࣬ࢉᜢޤфૈൾϯ॥ᓀǶҁࣴزаᄊ

ኳԄໆϯጤ؈ᑈϷޤфૈΠफ़ϐᐒ٠ڋՉځ॥ᓀຑǶჴᡍϷԏϐኧᏵ߾

Ԗշܭख़ाୖኧϐϷኳԄวǶԜѦǴҁࣴࡌزᄬϐᘋϩݤҭёගٮཥ

ᑉϐࡰаႣෳഹวғϐወӧёૈ܄ǶҗЬाޜԦ܌ނࢉीᆉϐीࡰё

ᔈҔܭεᕉნᅱෳϷᄌ܄֎ڥ܄੯ੰྣៈǶ 

 

ᜢᗖӷǺޜԦࢉǹഹǹޤфૈǹ༾ಈ؈ᑈǹᄊኳᔕǹᘋϩǹीࡰǹ

ൾϯ॥ᓀ 


