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Abstract

The construction project for the developed area in Kaeng Khoi district, Saraburi Province,
Thailand, drafted by Chulalongkorn University has raised various concerns over environmental
impacts, particularly relating to public health and air quality. In order to investigate impacts of this
project, air quality sampling was conducted in Tan Diew sub-district, Huai Haeng sub-district,
Cham Pak Paew sub-district and some surrounding sites of Chulalongkorn developed area by
gravimetric method using a high volume air sampling machine. Two types of particulate matter
including total suspended particulate matter (TSP) and particulate matter < 10 pm (PM;() were
continuously monitored during all 3 seasons for a study period of 3 years in order to compare the
effect of seasonal variation on the amount of particulate matter generated in each study area, to
study the correlation between TSP and PM and finally to identify other causal factors related to
particulate levels. Results from this study indicated that TSP and PM,, both reached the highest
in winter followed by summer and appeared to be at the lowest level during the rainy season. In
addition, causal factors such as wind direction and human activities also influenced particulate
levels in each study area.

Keywords: Total suspended particulate (TSP); particulate matter (PM,); seasonal variation; air quality

Introduction prepared for the construction project of new edu-

Urban expansion has driven a major boom in cational centers in 3 sub-districts of Kaeng Khoi dis-
construction of basic infrastructure to serve a grow- ~ trict, Saraburi province, which are Tan Diew, Huai
ing population. Chulalongkorn University has also Haeng and Cham Pak Paew sub-district. However,
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concerns of inevitable impacts on air quality and
public health affected by this construction project
have been subsequently raised. Infrastructure con-
struction can be considered as a source of various
pollutants and also its impact on nearby commu-
nities also need to be considered. Therefore, the as-
sessment of environmental impact during project
construction and operation is necessary especially,
the start-up phase for construction. The majority of
particulate matters especially TSP and PM, found
within the project boundary as a result of construc-
tion have been studied by many researchers [2, 3].
Moreover, impacts of both particulate matters could
further exacerbate the situation as a result of other
human activities such as open-paddy field buming,
chemical spraying, and transportation. Furthermore,
natural factors such as seasonal variation and wea-
ther conditions may further elevate levels of air-
borne particulates [1], especially total suspended
particulates (TSP) and particulate matter <10 um
(PM)). Pengchai et al. (2008) [6] found that con-
struction sites in Chiang Mai have higher level
of TSP and PM, than other area resulting from
vehicle operation, cement mixing, and transport-
tation. Muangjai (2010) [5] also reported that con-
struction areas in Chiang Mai province have a high
level of TSP and PM in winter season (Novem-
ber to February) to decrease in summer (March to
April) and the rainy season (May to October), res-
pectively. This is due to slight wind and stable at-
mosphere in winter season. Human health can be
adversely affected by exposure to these particulates
since they can accumulate in the human body and
subsequently cause respiratory disorder to people
who live nearby the construction project [4].

It is to say that air quality is an important en-
vironmental issue because the particulate matter
can cause respiratory diseases and also acute dis-
order to frequently-exposed persons. It is confirmed
by Chang et al. (2005) [7] that workers who are
always expose to TSP and PM;, have a symptom
of respiratory disorder by 3.68 times more than
unexposed workers. Maddison (2005) [8] also found
that mortality rate of the TSP and PM,, on fre-
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quently-exposed persons is higher than unexposed
workers at about 1.86 fold. Therefore, it is necessary
to continuously monitor air quality and particulate
concentration, especially around the construction
project of Chulalongkorn University in Kaeng Khoi
district, Saraburi province. For this reason, this study
emphasized to investigate particulate concentrations,
most notably TSP and PM around the project area
during 2011-2013 in order to identify their impacts,
to understand the relationship between TSP and
PM,, and finally to find out emission sources of
particulate matters.

Methodology and apparatus
1) Methodology

Four sites surrounding the construction project
in Kaeng Khoi district, Saraburi province were se-
lected for this study which include 1) Tan Diew sub-
district 2) Huai Haeng sub-district 3) Cham Pak Paew
sub-district and 4) the construction area of Chula-
longkorn university in Ban Wang Pae, Cham Pak
Paew sub-district (Figure 1). Air quality sampling
by gravimetric method using a high volume air
sampling machine was conducted continuously in
all selected sites with 3 duplicates in each site. In
order to identify different types of particulate mat-
ter from air sampling, a glass fiber air filter was used
for TSP and a quartz fiber air filter was used for PM.
Air samples had been collected continuously for 3
years between 2011 and 2013 taking into account
the timeline of this construction project in order to
cover all construction phases and all 3 different sea-
sons (winter, summer and rainy season). Each air
filter was used for 24 hours continuous air sampling;
then replaced with a new filter. After the sampling
was completed, the air filters were 24 hour-dried in
a desiccator. Subsequently, the concentration of TSP
and PM,y were analyzed by following the air samp-
ling equation for Gravimetric Method. Results ob-
tained from air sample analysis were compared to
the standard levels of air quality for TSP and PM,
set by the Pollution Control Department of Thailand
which is at 0.33 mg/m’ for TSP and 0.12 mg/m’ for
PM,, respectively [9].
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2) Statistical analysis

In order to investigate air quality during the
construction project, results of TSP and PM were
statistically analyzed by a non-parametric test using
the Statistical Package for the Social Science (SPSS)
version 17 employing the following methods;

¢ Comparing the effect of seasonal variation on
TSP and PM generated in each study area by con-
ducting Chi-Square tests.
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o Investigating the relationship between TSP and
PM) in each selected site by calculating Corre-
lation Coefficients.

¢ Analyzing the correlation of TSP and PM;,
with the number of respiratory disorder patients in
Kaeng Khoi hospital by calculating Correlation Co-
efficients.
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Figure 1 Site sampling areas

Results and discussion
Results from air quality monitoring around the
construction project for the developed area of Chu-

lalongkom University in Kaeng Khoi district, Sara-
buri province can be summed up as followings:
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1) The concentration of TSP and PM;, in the
different study areas of Kaeng Khoi district,
Saraburi province

After air sampling was completed, TSP and PM;o
contained in air filter samples were analyzed. The
results clearly indicate that TSP concentrations in
filters collected from Tan Diew sub-district, Huai
Haeng sub-district, Cham Pak Paew sub-district and
the construction area of Chulalongkorn University
in Ban Wang Pae, Cham Pak Paew sub-district were
all lower than 0.33 mg/m’, the standard TSP level
in ambient air set by the Pollution Control Depart-
ment of Thailand during every season along the
study years of 2011-2013 (Table 1). For PM, con-
centrations, as presented in Table 2, the results show
that PM o in Huai Haeng sub-district and Cham Pak
Paew sub-district during the entire study period was
within the acceptable level of 0.12 mg/m3 for PM;o
i ambient air. However, in the winter of 2011, it
appeared that PM in the area of Tan Diew sub-
district and the construction project in Ban Wang
Pae exceeded the standard PM level. The average
PM; level in Tan Diew sub-district was at 0.1283
mg/m’ which is 1.06 fold higher than the standard.
This might be a result of open-paddy field burn-
ing by local farmers during that period [10]. How-
ever, it later decreased to be within the standard
level in 2012-2013 because plough up and over
method for rice straw was used in that area instead
of rice field burning. This is also in accordance to
Pimonsri et al. (2008) [11] who found that open burn-
ing would generate PM( and other air pollutants
about 2.1 fold higher than the pollutants generated
from plough up and over method for com cultiva-
tion. The average level of PMj in the construction
area of Chulalongkom University in Ban Wang Pae
was found to be at 0.1722 mg/m’ in 2011 which is
1.43 fold higher than the standard resulting from
various construction activities during the start-up
period of the project in 201 1. However, Chulalong-
kom University created a mitigation plan to alleviate
such higher level of PM)y in that period. Conse-
quently, PM, in the construction area subsequently
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decreased to be within the standard level in 2012
—2013 [12].

2) Effects of seasonal variation on TSP and
PM10 generated in each study area

In order to investigate the effect of seasonal va-
riation, TSP and PM10 levels in each season (winter,
summer and rainy season) from different study areas
are compared in this part. Both TSP and PM, levels
in Tan Diew sub-district, Huai Haeng sub-district,
Cham Pak Paew sub-district and around the con-
struction project of Chulalongkom University in Ban
Wang Pae (Figure 2 and 3) were at the highest level
in winter, then decreased in summer and followed
by rainy season accordingly. In addition, statistical
analysis clearly revealed that TSP was significantly
higher at P<0.05 in winter as compared to the other
seasons. Also, the data of PM;, was in the same
direction as TSP. Puangthongthub et al. (2007) [13]
suggested that the higher level of TSP observed in
the winter might be the result of low moisture and
high pressure which has subsequently made a long
period suspension of TSP in ambient air. However,
a significantly high TSP at P<0.05 was observed
at Huai Haeng sub-district during the rainy season
rather than the summer of 2011. This is because rain
storms bring particulate matter from the hills to this
area. Moreover, other related factors such as incom-
plete combustion of open field burning in a high hu-
midity atmosphere during the rainy season could be
a source of high particulate matter. Pimonsri (2010)
[14] also stated that wildfires occurred during a high
moisture atmosphere, such as in the rainy season,
would create more particulate matter; about 1.5 fold
than complete combustion occurred in winter due to
the product from complete combustion being in the
form of gases rather than particulates. The PM;, con-
centration of the construction project in Ban Wang
Pae also appeared to be above the acceptable level
in the winter of 201 1. This was resulting from acti-
vities of local farmers who normally bum rice straw
in a paddy field after harvesting [12].
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Overall, it can be concluded that seasonal varia-
tion directly affects the distribution of particulates
in ambient air of the study areas in Kaeng Khoi
district. Pimonsri (2009) [15] also stated that this
variable affects the behavior of particulate matter.
Her study in Chiang Mai province confirmed that
concentrations of TSP and PM,oin winter were 1.25
fold higher than summer and 2.3 fold higher than
rainy season. Similar to the winter in Saraburi pro-
vince, the winter in the northern Thailand also has
a characteristic of low air pressure coupled with a
high dryness which is an important combination
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that affects the concentration of generated particu-
lates. Regarding the rainy season which has a cha-
racteristic of an unstable air pressure the level of par-
ticulates can decrease by many related factors such
as rain storms or strong winds. This is also supported
by Viroj (2008) [16] who studied the effect of sea-
sonal variation on the concentration of air pollutants
in Mae Hong Son province. He/She found that TSP and
PM levels in winter were higher than in summer
and rainy season. Moreover, open field buming which
is nomally done in winter led to higher detected levels
of air pollutants in winter rather than other seasons.
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Figure 2 Air qualities within areas of study (TSP)
A) Tan Diew sub-district B) Huai Haeng sub-district
C) Cham Pak Paew sub-district and D) Chulalongkorn construction area in Ban Wang Pae

In addition, there are many other factors such as
activities of local people and wind characterristics
that can directly affect the concentration and dis-
tribution of particulate matter in the construction
area of Chulalongkom University [17]. Results from
the study show that the level of air pollution is mostly
affected by human activities [19] such as construc-
tion, the operation of machines, transportation, field
burning, and also chemical fertilization. After the
particulate matter has been generated, it will spread

out from the source by natural factors, especially
wind. Also, the direction and velocity of wind has
an impact on pollution distribution in the construc-
tion area. Karim et al. (2009) [20] confirmed that wind
is a key factor that can disperse and reduce the con-
centration of air pollutions. Wind characteristics can
be different in each area. Therefore, to identify the
impact, specific information is required such as lo-
cal wind direction, monsoon dynamics, etc. More-
over, other natural factors including temperature and



App. Envi. Res. 37 (3): 91-101

air pressure can also reduce the particulate concen-
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solve into rain drops then fall out to ground level

tration. For, instance, rain can decrease particulate by gravimetric method.

level in ambient air as it allows particulates to dis-
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Figure 3 Air qualities within area of study (PM)
A) Tan Diew sub-district B) Huai Haeng sub-district
C) Cham Pak Paew sub-district and D) Chulalongkorn construction area in Ban Wang Pae
Note: STD means stantard level of TSP and PM;,

3) The relationship between TSP and PM;,
in the study areas of Kaeng Khoi district,
Saraburi province

Statistical results showing the relationship bet-
ween TSP and PMy is illustrated in Figure 4. It
was found that at the significance level of P<0.05,
the correlation coefficient of determination (R?) equals
to 0.63 which mdicates that TSP and PM o have a
positive collation. This implies that if the
concentration of TSP increases, the PM;, level
will also increase. Considering Table 1 during
2011-2013 at every single sampling point, it
obviously shows that if TSP is high, PM) in that
area will also be high. Pimonsri (2010) [14] studied
the changing of parti-culate levels in the north of
Thailand and found that high PM,y levels are
associated with high TSP levels as well as high
levels of other air pollutions.
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Figure 4 Relation of TSP and PM; concentration
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4) Potential sources of particulate matter in
each sampling site in Kaeng Khoi district,
Saraburi province.

The PM, /TSP ratio in Table 3 represents the
concentration of particulate matter in the study
areas. It was found that the PM /TSP ratio in the
area of Cham Pak Paew sub-district is similar to
the ratio in the construction area of Chulalongkom
Univer-sity in Ban Wang Pae. This implies that
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construction activities in the area of the university’s
project can subsequently affect particulate levels
as detected in Cham Pak Paew sub-district. This is
due to wind flows from the construction area of the
university toward Cham Pak Peaw sub-district
[22]. In addi-tion, it was found that the calculated
PM, /TSP ratios of these areas are less than 0.5
which means that the majority of particulate
matter generated in these two areas is Total
Suspended Particulate (TSP); not particulate
matter <10um (PMy). It can be implied that the
potential source of parti-culate found in Cham
Pak Paew sub-district and the construction area
of Chulalongkorn Univer-sity in Ban Wang Pae
are from various activities related to the land
development project of the Uni-versity such as
transportation and construction. These activities
generate higher TSP levels compared to PM;o. In
contrast, the result shows that Tan Diew sub-
district and Huai Haeng sub-district had a PM,¢/ TSP

Table 3 PM; /TSP Ratio
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ratio more than 0.5 indicating that both areas had a
higher level of PMj, than TSP. Agricultural
activities in these two sub-districts cause the rela-
tively high PM levels, mostly as a result of in-
complete combus- tion of paddy field burning,
trash burning and spraying of chemical fertilizer.
Cicero-Fernandez et al. (1993) [23] studied the con-
centration of TSP, PM, as well as PM, /TSP ratio
within metropolitan and rural areas of Mexico and
found that PM, (/TSP ratio varied according to sea-
sons because of uncontrolled natural factors such
as wind, rain, temperature and humidity as well as
human activities such as construction and transport-
tation. Moreover, they found that PM;¢/TSP ratios
in metropolitan areas were low because of construc-
tion and transportation while in rural areas the ratios
were high due to agricultural activities, open field
burning and trash burning.

Year Season PM, /TSP Ratio
Tan Diew  Huai Haeng Cham Pak Paew Chulalongkorn construction area
sub-district ~ sub-district sub-district in Ban Wang Pae
Winter 0.6563 0.4325 0.3911 0.5493
2011  Summer 0.4388 0.5591 0.4508 0.4057
Rainy 0.4000 0.2237 0.3841 0.5092
Winter 0.5322 0.5170 0.5140 0.3731
2012 Summer 0.5088 0.4747 0.3068 0.2746
Rainy 0.4931 0.5032 0.5191 0.3185
Winter 0.4413 0.5275 0.4200 0.2298
2013 Summer 0.4495 0.5768 0.3671 0.3266
Rainy 0.5490 0.7934 0.5207 0.4036

Note: PM,o/TSP Ratio > 0.5 means PM,, > TSP
: PM, /TSP Ratio < 0.5 means PM,, < TSP

5) Correlation of TSP, PM;, and the number of
respiratory disorder patients in Kaeng Khoi
district, Saraburi province

From the literature review, it was found that
particulates in ambient air would affect the respi-

ratory system of humans since they easily get into
the respiratory system by inhaling, accumulate and
then cause illnesses. Aran (2010) [24] affirmed that
particulate matter is one of the important air pol-
lutants because of its small size of particles and long
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periods of suspension in the atmosphere. Conse-
quently, humans are easily exposed. After exposure
to particulate matter, some people can develop al-
lergic symptoms immediately. In addition, particu-
lates can subsequently cause chronic diseases to the
respiratory system for frequently-exposed workers
by 2.1 fold higher than other factors [24]. However,
results from this study indicate a non-significant
relation between TSP concentration and the num-
ber of patients who have respiratory disorder symp-
toms in Kaeng Khoi district (P>0.05). This can be
explained and supported by Agapol’s et al. (2009)
[25] work who found that TSP can reach the ground
level faster than PM because of its higher weight.
Therefore, TSP less affects human respiratory sys-
tem as compared to a very small particulate matter
which can suspend in ambient air for a very long
period. It is obvious that particulates which can cause
respiratory disorder in humans are very small par-
ticulates with a dimension of less than 10 pm (PM).
Because of the very small size of PM as compared
to TSP, it therefore easily passes through the respi-
ratory mechanics. Many researchers also pointed
out a same pattern of very small and respirable PM;
pariculates irritating human respiratory systems.
Wiwanitkit (2008) [19] studied the impact of parti-
culates on human health during the critical situa-
tion of a smog problem in 2007 and found that the
number of patients is significantly related to PM;,
concentration. The higher the PM;, concentration,
the more respiratory patients in the hospital. Nantawan
et al. [26] also suggested that the reduction plan of
PM level in Bangkok from 60 to 50 ug/m3 can
save medical costs of about 8.7- 44.3 billion baht.
However, it is unfortunate that various activities in
construction areas generate more PM;, than TSP
which is the opposite situation compared to normal
areas. For this reason, the number of respiratory dis-
order patients from construction areas was found to
be 1.43 fold higher than other areas.

The relation between PM;, and the number
of respiratory patients in Kaeng Khoi hospital
is pre-sented in Figure 5. It shows that the
correlation coef-ficient (R?) is at 0.746. Such a
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positive value indi-cates that the concentration of
PM) in the study area is related to the number of
patients in the hospital. There-fore, it can be
implied that if PM; level is reduced, the number
of hospital patients should decreased. It is
interesting that the highest PM level was found
in the whole year of 2011. Therefore, it is not
surprising that the number of respiratory patients
was higher in 2011 than other years. Aran [24]
mentioned that high concentration of particulates
lead to a higher severity of respiratory disorder
symptoms for frequently ex-posed persons.
Consequently,  mitigation for
particulate reduction such as reducing field
burning, rice straw burning, and using chemical
fertilizer should be established in order to reduce
the concentration of particulates in ambient air
and also to eliminate respi-ratory disorder
problems in the long run.
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Conclusion

The Chulalongkom Development Project start-
ing in 2011 led to many construction activities es-
pecially the construction of infrastructure systems,
road and buildings in the study areas. The concen-
tration of TSP and PM, levels in the study areas,
their correlation as well as the effect of seasonal
variation were investigated. Both types of particu-
lates were continuously monitored starting from the
beginning of the project in 2011 until the comple-
tion in 2013. Overall, it can be summarized that a
positive relation between the concentration of TSP
and PM,, was observed in this study. This obser-
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vation means that a high level of TSP will also re-
sult in a high level of PM . In addition, the results
indicate that the highest level of TSP and PM;,
occurred in winter due to dry weather conditions,
low air pres- sure, and stable and weak winds. How-
ever, the level of both TSP and PM;o subse-
quently decreased in summer and the rainy season.
Furthermore, human activities such as paddy field
burning, trash burning, spraying of chemical ferti-
lizer, machine operations, factory operations as well
as infrastructure construction are major sources of
TSP and PM;,. A continuous decrease of both TSP
and PM,o from 2011 to 2013 was also observed.
This indicates that human activities directly affect
the concentration of overall particulates in the study
areas. Therefore, it can be implied that lowering of
construction activities can reduce particulate con-
centration. The results from this study also indicate
a positive relation between particulate concentra-
tions and the number of respiratory disorder patients
in Kaeng Khoi hospital. Consequently, particulate
concentrations should be further monitored in order
to design and implement proper mitigation plans
and to subsequently eliminate respiratory disorder
problems.
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