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ABSTRACT

Incense burning has been a common practice in Asian countries, which is found to
be one of major indoor air pollution sources. This study aims to 1) determine air
pollutants both in forms of particulates and gases emitted from incense burning 2)
investigate pollutant profiles and emission factors (EFs) of pollutants from burning of
different incense types and 3) measure air pollutants emitted from incense burning in
the selected shrines. Various types of incenses and their ingredients including sawdust,
wood powder (Chan Kao), plant-based glutinous powder, ground bamboo and dye
powder were chosen to perform the burning experiment in the constructed chamber.
Samples of particulate matter with diameters less than 2.5 um (PM2s) emitted from
incense burning were collected on quartz filters contained in a mini-volume air sampler
and analyzed for polycyclic aromatic hydrocarbons (PAHs) by GC-MS. Concentrations
of gases (CO, NO and SOy) were continuously measured using a gas analyzer. It was
found that the EFs values of PM2s from burning of different types of incenses in a
descending order were aromatic incense cones (20.8+3.6 to 30.0+4.7 g/kg) > traditional
incense sticks (5.0+0.2 to 17.9£0.9 g/kg) > aromatic incense sticks (3.4+0.2 to 13.0+0.5

g/kg). The smoke-free incense stick (H) belonged to the group of aromatic incense



sticks emitted the lowest amount of PM2s. The EFs of total 16-PAHSs (t-PAHS) released
from incense burning in descending order were tradition incense sticks (1.14+0.36 to
4.04+0.05 mg/kg) > aromatic incense cones (3.56+0.21 to 3.60+£0.49 mg/kg) > aromatic
incense sticks (1.42+0.05 to 2.72+0.02 mg/kg). Four and five rings PAHs were found to
be major constituents of PM2s. Dominant species of PAHs generated from incense
burning were FLA, PYR, BaP, BaA and CHR. The values of emission rates (ERS) of
PM2s (mg/hr) and PMazs-bound PAHs (pg/hr) from incense burning in a descending
order were aromatic incense cones > aromatic incense sticks > traditional incense sticks.
Longan peel based incense and smoke-free incense presented low values of ERs, while
aromatic incense cone showed relatively higher values.

Toxicity equivalent (TEQ) and mutagenic equivalent (MEQ) concentrations were
calculated to indicate human health risk from PAHs inhalation. Based on EFs values
(mg/kg), TEQ and MEQ were calculated. It was found that dried-flower based incenses
and aromatic incense cones showed high TEQ and MEQ values, while traditional
incense stick, longan peel based incense and smoke-free incense presented low
concentrations. Apart from that, TEQ and MEQ were also calculated based on ERs
values (pg/hr). It was found that longan peel based incense and smoke-free incense
presented low TEQ and MEQ values, while aromatic incense cones showed high values.
It can be concluded that burning of aromatic incense cone could induce high emission of
c-PAHSs, which adversely affects human health.

In the case of raw materials for incense production, EFs values of PM. s emitted
from the burning in a descending order were wood powders (44.7+£3.2 g/kg) > sawdust
(31.5£2.2 g/kg) > plant-based glutinous powders (24.7£0.9 g/kg) > ground bamboo
(13.9+2.2 g/kg) > dye powders (2.0£0.5 g/kg). The EFs of t-PAHSs values from sawdust
(1.44+0.09 mg/kg) and wood powder (1.46+0.19 mg/kg) were relatively high in
comparison with the rest. It should be noted that they are major ingredients used for
incense production in Thailand. In terms of gas emission, CO was the major gas
emitted from all types of incense and raw material burning followed by NO.

In order to monitor toxic pollutants emitted from incense burning in the real
environment, two shrines in Chiang Mai City were selected. PM2s samples were
collected inside the shrines for 8 hrs (8 am — 4 pm) and 24 hrs on Teflon filters packed

in the mini volume air samplers prior to PAHs analysis, while indoor and outdoor NO>



were collected by tube type passive samplers. The study was conducted to compare the
pollutant values obtained during special occasions (Chinese New Year and other special
occasions) and normal period. The highest average PM2s concentrations were found
during the Chinese New Year at both shrines (524+110 and 625+147 pug/m? (8 hrs) and
317+109 and 406+159 pg/m?® (24 hrs)). Their concentrations were significantly different
between occasions due to the number of visitors and amounts of incense being burned
(p>0.05). The highest total PAHs concentrations for 8 and 24 hours were also found
during the Chinese New Year at shrine 1 (168+60 and 90+41 ng/m®) and shrine 2
(102+26 and 45+29 ng/m®). The NO2 concentrations on the special occasions were
significantly higher than the values measured during the normal period (p<0.05).
However, no significant difference of indoors and outdoors was found. Concentrations
of NO2 and PM2s were well correlated (r = 0.658 - 0.843) in all occasions. Correlations
between concentrations of PM2s and total PAHs as well as carcinogenic PAHs were
relatively strong at both sampling sites. In addition, PM.s concentrations were highly
correlated (r = 0.451-0.802) with c-PAHSs indicated that carcinogenic compounds were
dominant in particulate PAHs and generated from incense burning. TEQ values were
also relatively high during the Chinese New Year (31-32 ng/m?® (8 hrs) and 10-20 ng/m?
(24 hrs)). It was clearly seen that levels of pollutants were significantly higher on
special occasions than during the normal periods. Therefore, it can be concluded that the
amount of incense being burned plays a significant role in the amount of emitted
pollutants and degrees of air pollution and human health risk. Moreover, isometric ratios
of some PAHSs revealed that the emission from incense burning was the main source of
PMzs and PMzs-bound PAHS.



