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ABSTRACT

Occurrence of air pollution in Chiang Mai has reached crisis during the past few
years, causing public worry and concern on the health impact among residents in the
Chiang Mai-Lamphun valley. Acute effects of this crisis correlated prominently to an
increased number of patients with respiratory diseases. However, chronic effects,
especially genotoxic ones, after human exposure to fine particulate matter (PM) of
0.5, 1.0 or 2.5 microns in Chiang Mai, have not been reported. Therefore, the aim of
this study was to investigate whether exposure to fine PM caused DNA damage and
induced formation of 8-hydroxy-2'-deoxyguanosine (8-OHdG), a by product of DNA
damage resulting from hydroxyl radical production.

A high volume cascade impactor was installed in front of Saraphi Hospital in
Chiang Mai to collect fine PM for 4 months from August to November, 2007. The

PM was weighed and calculated for concentrations in five PM sizes before being



extracted with ultrapure water and methanol for 60 minutes, and lyophilized to
dryness. PM solution was prepared at each concentration before the A549 human lung
epithelial cells were given a genotoxicity test. Comet assay was used to evaluate DNA
strand break analysis and the enzyme immunoassay was used to quantitate 8-OHdG.

The results showed that concentrations of PM>10, PM10-2.5, PM2.5-1.0,
PM1.0-0.5 and PM<0.5 were 283, 467, 280, 227 and 139 ug/m3, respectively, in
which PM10-2.5 had the highest proportion of total PM (33.4%). In addition, the
amount of PM>10, PM2.5-1.0, PM1.0-0.5 and PM<0.5 was 20.3%, 20.1%, 16.2% and
10.0%, respectively.

DNA strand break analysis on the AS549 human Ilung epithelial cells
demonstrated that PM10-2.5 could significantly induce DNA damage at
concentrations of 150, 300, 600, 1,200 and 2,400 pg/ml (p<0.001). In addition,
PM2.5-1.0, PM1.0-0.5 and PM<0.5 could also induce DNA damage at concentrations
of 75, 150, 300 and 600 pg/ml (p<0.001), except for PM2.5-1.0 at the concentration
of 75 pg/ml. When concentrations of PM1.0-0.5 and PM<0.5 were decreased, in order
to find the lowest one that could induce DNA damage, it was found that
concentrations of 10, 20, 40 and 80 pg/ml could induce DNA damage significantly
(p<0.001). However, PM1.0-0.5 at the concentration of 10 pg/ml could not. Thus, the
results showed that PM2.5-1.0, PM1.0-0.5 and PM<0.5 at concentrations of 150, 20
and 10 pg/ml, respectively, were the lowest concentrations of each PM that could
induce DNA damage on A549 human lung epithelial cells. These low concentrations
of PM were approximately the same as those that could be inhaled and accumulate in

the human alveoli.
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Aphidicolin (APC), a DNA repair inhibitor, was used at concentrations of 1.0
and 2.0 pg/ml, with PM2.5-1.0 at concentrations of 75 and 150 pg/ml in the comet
assay. The results showed that the A549 human lung epithelial cells had greater DNA
damage after treatment with PM2.5-1.0 and either concentration of APC than after
experiments without APC. This meant that at a PM2.5-1.0 concentration of 75 pg/ml,
which could not induce DNA damage, the cells may be protected by a repair
mechanism within them.

Quantitation of 8-OHdG on the DNA of A549 human lung epithelial cells
showed that only PM2.5-1.0 at concentrations of 75, 300 and 600 ug/ml, and PM<0.5
at concentrations of 150 and 600 ng/ml could significantly elevate the 8-OHdG levels
(p<0.05). In contrast, PM1.0-0.5 at concentrations of 75, 150, 300 and 600 pg/ml
could induce 8-OHdG formation on the A549 human lung epithelial cells (p<0.05) at
all concentrations.

In conclusion, fine PM (0.5, 1.0 and 2.5 microns) collected at Saraphi Hospital in
Chiang Mai could induce DNA damage and increase 8-OHdG formation. The
mechanism of DNA damage is possibly involved with the generation of hydroxyl
radicals caused by fine PM itself, or chemical constituents that are adsorbed onto the
PM and attack the guanine base on the DNA strand. The elevation of 8-OHdG might
be implicated in the progression of lung cancer. Long term exposure to fine PM may
be responsible for chronic adverse effects among Chiang Mai’s inhabitants, who are

reported to have the highest incidence of lung cancer in Thailand.
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