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Atmospheric pollution is a very serious problem in the world, especially in developing countries such
as Vietnam. Organic pollutants have been a concern because they are persistent, can transform into more
toxic pollutants and travel to other areas from the pollution sources. Polycyclic aromatic hydrocarbons
(PAHs) are one of the most well-known atmospheric organic pollutants. PAHs are formed from the
incomplete combustion of organic materials including biomass, gasoline, diesel, and coal. In Antarctica,
diesel engines are used for research, travel and life; therefore, it is possible that very clean environment in
Antarctica is polluted easily by PAHs. There are 12 priority PAHSs in the Environmental Protection Agency

of Unites States, which are carcinogenic and mutagenic to human health. In this thesis, the effects of



sources and weather conditions on the PAHs concentrations in Vietnam (polluted area) and Antarctica
(clean area) were researched.

In Vietnam, the public has been aware of the air pollution; however, details of pollutants,
concentrations, and health effects are not well-informed. Moreover, the scientific data based on the
chemical characteristics of air pollution is deficient and poor-managed in Vietnam. The reasons are due to
the lack of sampling equipment and the high-cost of analytical processes. Even in Ho Chi Minh City
(HCMC), the center of economy of Vietnam, the pollution has not been well-investigated. Therefore, in
this thesis, an attempt to find alternative sampling methods and analysis methods was performed for
acquiring more information of the air pollution in HCMC.

PM. s is defined as particulate matter (PM) in the atmosphere which have the aerodynamic diameter
equal or smaller than 2.5 um. PM2s becomes a concern for human health because of not only its ability to
penetrate the respiratory system but also toxic compounds attached on its surface. There are many
sampling methods to collect PM2s in the atmosphere. High-volume-air-sampler is the most popular one,
but it is heavy and big. In the search of more flexible and mobile method, the low-volume-air-sampler was
used to collect PM2s in our previous study. However, both methods have low resolution (8-hour to 3-days)
and semi-continuous or discontinuous. To have better resolution and continual sample source, the
monitoring tape from air monitoring station was considered.

This study had an access to the monitoring tapes from the HCMC air monitoring station. PM; 5 of the
old monitoring tapes from HCMC were used for analyzing PAHSs. Interestingly, the PAHs concentrations
can be obtained from the monitoring tape, despite the inevitable loss of PAHs during sampling and storing.
The resolution of the sample is 24-hour; thus, daily variation as well as seasonal trend of PAHs can be
observed. Moreover, a unique event happened during sampling period, Viethamese New Year holidays,

gave a special effect to the air quality. The data gained from the monitoring tape opens more opportunities



to learn further information of chemical composition in particles.

The span of sampling period is one year; thus, around 200 samples were available. With a large
quantity of samples, the conventional analysis process for PAHs was not suitable. Gas
chromatography/mass spectrometry (GC/MS) and high-performance liquid chromatography (HPLC) are
common methods for analyzing PAHs. The analysis time of GC/MS or HPLC for one sample is
comparable, and ranges from 45 to 90 minutes. However, the extraction and clean up processes take up
many times and solvents as well as human labor. The extraction time can take from 60 minutes to one day
per one sample, depended on the extraction methods. The clean-up process, which is necessary when the
air is highly polluted, takes a period of time depended on how contaminated the sample is. Thus, there is a
need for a simpler extraction method to shorten the analysis of PAHs. The thermal desorption is used for
extracting volatile organic compounds (VOCs) from PM samples, and recently used for semi-VOCs and
PAHs. Therefore, the thermal desorption-gas chromatography/mass spectrometry (TD-GC/MS) was
employed with the advantage of simplicity and quickness.

In Chapter 1, the general knowledge about PM.s and PAHSs including sources, abundance,
characteristics and effects on environment and human is introduced. The introduction of the air pollution
in HCMC, the necessity of continuous samples and quick analysis method are presented. Two common
analysis methods of PAHSs, which are HPLC and GC/MS, are explained and compared. For the extraction
process used for HPLC, liquid-liquid extraction was used. For the GC/MS method, the thermal desorption
method was used for extraction. The comparison of both analysis methods and extraction methods was
investigated. The TD-GC/MS method and the optimization for analyzing PAHSs are briefly described in the
chapter. In addition, the factors affecting the PAHs concentrations including the burning of incense stick
for religious in Vietnam, and the activities of research, expedition and life in Antarctica are examined. In

both places, the weather conditions showed a strong impact on the air quality.



Chapter 2 introduced the application of TD-GC/MS for analyzing PAHs from the monitoring tape. The
study evaluated the possibility of using the tape from air monitoring station for PAHs data. Seasonal
variation of PMzs-bound PAHs in HCMC, Vietnam, was investigated by using TD-GC/MS for analyzing
filters from an air monitoring station. The optimization of TD-GC/MS parameters showed good results
with linearity for most of the measured PAHs, method limit of detection (0.016 — 0.352 ng), and
desorption efficiency (95.9 — 100 %). The analysis of PAHs was performed 4 years after the sample
collection. To evaluate loss of PAHs in 4 years, the loss under different temperatures and time was
examined. The PAHSs in real samples were less prone to evaporation than the standard spiked samples at
both 25 °C and 100 °C. The concentrations of PM,s and PAHs were lower in the rainy season and higher
in the dry season. The toxic equivalent quantity (TEQ) was higher in the dry season than in the rainy
season. Meteorological parameters had a powerful effect on both PM2s and PAH concentrations, as well
as TEQ values, especially wind speed, wind direction, and rainfall. The primary emission source was the
exhaustion of gasoline vehicles in both seasons, with a mixture of biomass combustion and industrial
sources in the dry season.

Chapter 3 showed the influence of cultural activities during Vietnamese New Year holidays on
PM. s-bound PAHs. TD/GC-MS was utilized to analyze 12 PAHs in PM2s samples. This is the first study
about the change in air quality due to the cultural activities in Vietnam. The PAHs concentrations were
depended intensely on traffic patterns, with the decrease of PM2s and PAH concentrations throughout
holidays. In addition, wood/coal combustion related to the firework, domestic combustion, and burning
incense/candle were important sources during holidays. The value of the indeno[1,2,3-cd]pyrene /
(indeno[1,2,3-cd]pyrene + benzo[ghi] perylene) ratio was 0.72 in VNY, which was similar to that from
cooking, candle, and incense burning. The average incremental lifetime cancer risks were also evaluated.

In this chapter, the cultural activities had shown their effect on PAHs concentrations, especially burning



incense stick during traditional holidays.

In Chapter 4, the chemical characteristic, burning rates and ash emission factor of PM s from Japanese
and Vietnamese incense sticks were evaluated. The PAHs concentrations were positively correlated with
the burning rate, and negatively related to the ash emission, especially high-molecular-weight PAHs. The
Japanese incense sticks had lower concentrations of PAHs compared to the Vietnamese incense sticks. The
3- and 4-ring PAHs occupied 0 —81.53 % and 17.66 — 92.88 % of the total PAHSs, respectively. The
variation of ingredients is the most important factor for the PAHs concentrations. Organic compound (OC)
was the dominant carbonaceous contents of the PM2 s from incense stick compared to elemental compound
(EC). The PAHSs had strong relation with EC. The char/soot ratio larger than 1, indicating most of the EC
was char-EC. Inorganic components in PM2 s were also investigated.

Chapter 5 showed the effect of human activities, especially diesel engine, to the Antarctic environment.
Instead of collecting air, the snow sampling was conducted during the research, and the PAHSs
concentrations in snow were measured. The sources of these PAHs were the snow mobiles and diesel
electric generators used for scientific research from 29th December 2015 to 4th February 2016. Most of
the measured PAH concentrations were low before the research campaign (lower than the detection limit
or quantification limit), then increased due to the research activities, and finally decreased to a low level,
probably because of strong blizzard winds. In addition, photolysis of the PAHs in the polluted snow
samples under Antarctic conditions was investigated. However, a decrease in PAH concentration was not
observed in 11 days. It was concluded that photolysis was not the main sink of the PAHSs in the Antarctic

snow, but the occurrence of blizzard/drifting snow decreased the PAH concentration.

Chapter 6 concludes all the information in the thesis and summaries the previous chapters.
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