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Abstract

This work aims to 1) monitor and classify biomass burning (BB) area in nine
provinces of Northern Thailand in 10-year period (2006 - 2015), 2) calculate emission
factors of pollutants including particulate matters and their chemical composition by
simulation of open biomass burning, 3) assess pollutant distribution and ratios of
pollutants emitted from BB in forest area and agricultural areas, 4) analyse and
display risk maps of pollution based on concentration of ambient air particles, 5)
analyse index based on meteorological parameters for BB management and 6)
construct data base and website to display BB area, pollutant movement and
distribution in local scale as an input for air pollution management plan in Northern
Thailand. According to hotspot data during 2006 — 2015 extracted from satellite
showed that the highest number of burning was found in March and the highest
accumulated number was found in 2010. The burning pattern in each year was
similar. It starts in December and continually increases until its peak in March and
reduces in April. Analysis of open burning based on provincial boundary revealed that
there were high number of open burning in Mae Hong Son, Chiang Mai, Tak and Nan
provinces during January to March. Analysis of 10-year burning frequency in Northern
Thailand showed that Nan was the province with the highest re-burned activity of
around 6-7-year continuum, while Mae Hong Son was the area with 2-5 years burning
frequency. In terms of burned area, Chiang Mai was the province with the highest
burned area. Overlaying the burning frequency with the land use pattern showed
three burning patterns which were burning in forest area for agricultural purpose, non-
pattern burning in agricultural area (similar to slash and burn) and re-burned at the
same location in the forest area. To assess pollutant emission factors (EFs), open
burning was simulated using the constructed combustion chamber. Biomass samples
from two main areas; agricultural area (maize and rice fields) and forest area (mixed
deciduous forest and dry dipterocarp forest), were randomly collected from the upper
Northern Thailand in relation to the land use types. Four biomass types including rice
straw, maize residues and leaf litters from those two forest types were burned. The
particulate matters with a diameter less than 2.5 um (PM,5) emitted from the burning
were collected and they were not significantly different among biomass types. Their
EFs were 2.2 — 4.4 g/kg dried biomass. Analysis of PM, 5 composition showed high

content of K (BB tracer) and Cl in all biomass types. Moreover, burning of
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agricultural biomass provided significantly higher amount of K" than the forest leaf
litter burning. Sources of those two ions were probably from application of fertilizers
and pesticides in the field. Polycyclic aromatic hydrocarbons (PAHs) content in PM, 5
was not significantly different among biomass types. However, considering the ratio of
carcinogenic and non-carcinogenic PAHs, maize residue burning provided slightly
higher value than another biomass types. These values could be used for cancer risk
assessment based on exposure of pollutants originated from BB.

Analysis of PM ratio originated from BB in agricultural and forest areas
revealed that burning in the agricultural area was found in January to April. These
burnings were mostly found in Nan and Phayao provinces. BB activity in forest area
was normally found in February to April, and was highest in March. Mae Hong Son
and Chiang Mai provinces have high forest area and therefore high burning number
in the forest. Analysis of health risk due to smoke haze pollution was done by using
ambient PM,, concentration. During January and February, only 1-5 days/ month that
PM,, level was high and could cause health impact. In March, the pollution situation
was the most serious, particularly in Chiang Rai, Phayao, Nan, Mae Hong Son and in
some parts of Chiang Mai. PM,, value for the whole month was high and can cause
high health impact. In April, PM;, level was lower and only has high value in some
days. Ventilation index, which is an index of air ventilation capacity based on wind
speed and mixing height, was calculated in daily basis using 5-year data to predict air
ventilation in each month during the dry season. It was found that January was the
month with the worse ventilation because most of the area in 9 provinces in Northern
Thailand has bad ventilation (longer than 15 days). The ventilation is getting better in
February, March and April, respectively. In February, most of the area still has bad
ventilation, but better ventilation in some areas. In March and April, most of the area
has good air ventilation (more than 15 days a month). Obviously, ventilation index is
better in April. In order to provide community and farmers the options for fuel
management, burning system can be an option. Weather forecast for weather
condition prediction and daily air ventilation assessment are needed. However, strictly
control of open biomass burning is recommended. In this study, data base in form of
the website is provided. Data such as 10-year record of open burning in Upper
Northern Thailand, movement and distribution of pollutants in local scale are provided.

These data can be used for air pollution plan and management in the area.



