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ABSTRACT

Carbonaceous compositions, water-scluble 1onic species and trace gaseous species were identified
and quantified in Hat-Yai city, Thailand. All samples were ccllected every 3 h consecutively
from 21 h December 17th to 21 h December 20th at Site 1 (30 m agl), Site 2 (60 m agl) and Site 3
(125 m agl). The averaged concentration of OC was significantly higher at the Site 1 than those
detected at Site 2 and 3 suggesting that anthropogenic activities at ground level might play a major
role in governing air quality at ground level. The morning peak of carbonacecus compositions
observed during the sampling period of 6-9 emphasized the main contribution of traffic emissions
on OC/EC contents in Hat-Yai city. In this study, it was found that aged maritime aerosols from
long-range transportation andfor biomass burning particles overwhelmed carbonaceous aeroscls
at the top of building. Whilst hierarchical cluster analysis and Pearson correlation analysis show
some considerable influences of night-time tourism activities on carbonaceous contents at ground
level, principal component analysis highlights the impacts of maritime aercsols, biemass burning
and possibly agricultural waster burning particles at higher atmospheric layer.

Key words: Carbonaceous aercsols, vertical distribution, tropical climate, principal component,
analysis, hierarchical cluster analysis

INTRODUCTION

Carbonacecus aerosols, generally recognized as Organic Carbon (OC) and EKlemental Carbon
(EC) particles, have been intensively studied in the past decades because these atmospheric
particles offer a wide range of impacts on both health and climate system ((YBrien and Mitchell,
2003; Penner et al., 1996; Shih et al., 2008). Carbonaceous aeroscl is detrimental to human health,
according to recent study on effects of fine carbonaceous particles containing high and low unpaired
electron spin densities on lungs of female mice (Repine et al., 2008). As a consequence of concern
over their existence in the atmospheric environment, several studies were conducted to investigate
its influences on gas-particle partitioning of carcinogenic and/or mutagenic substances such as
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polyeyelic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (FPCBs), polychlorinated
dibenzo-p-dioxing and dibenzofurans (FCDD/Fs) and pesticides (Dachs and Eisenreich, 2000;
Kaupp and McLachlan, 1999; Schummer ef al., 2010; Simeik ef al., 1998). These carbon-containing
compounds are often referred to as Persistent Crganic Pollutants (POPs) that are persistent to
photochemical degradation, biclegical decomposition and chemical reactions (Jones and Voogt,
1999).

According to circumstances, there have been a growing number of studies focusing on the
analysis of chemical compositions of carbonacecus aerosols collected at observatory sites around the
world (Cao ef al., 2004; Han et al., 2008; Na et al., 2004; Ram et al., 2008). During the last decade,
more studies are concentrating on the application of OC/EC ratic as an indicator of primary and
secondary carbonaceous particles (Fio et al., 2011; Yu et al., 2004; Zeng and Wang, 2011). In spite
of the presence of numerous scientific publications regarding the diurnal variation of carbonaceous
aerosols (Bhugwant ef «l.,, 1999, 2001; Grivas et al., 2012; Temesi ef al. 2003), only a limited
number of studies have been undertaken to simulate the vertical distribution of particulate OC/EC
in the urban atmosphere (Minvielle et al., 2004; (YBrien and Mitchell, 2003). Furthermore, the
knowledge of OC/EC compositions in tropical aerosols is extremely rare. According to our best
knowledge, there are only three studies under the topic of carbonaceous aeroscls in Thailand
collected at Phimai (central Thailand, Nakhon Ratchasima provinee), Hat-Yai city (southern region,
Songkhla province) and Bangkok metrepolitan (Ia et al., 2013; Pongpiachan et al., 2009;
Sahu et al., 2011). Unfortunately, there is no peer-reviewed paper published in international
journals regarding both the vertical distribution and diurnal variation of OC/EC compositions in
southern atmosphere of Thailand. Additionally, the impact of maritime aerosols on diurnal
variation of carbonaceous aerosols in Southeast Asia has not been well investigated. Overall, the
major aims of this research are to intensively evaluate the diurnal variations and vertical
distributions of carbonaceous aerosols collected at the city center of Hat-Yai. Air samples were
collected every 3 h for three days at three different levels (ie., Site 1. 30 m; Site 2. 60 m;
Site 3: 125 m above the ground level) at Novotel Centara Hat-Yai Hotel (Site 1) and Lee Gardens
Plaza Hotel (Site 2 and 3) in December 17th-20th, 2007, Diurnal variation and vertical distribution
of carbonaceous compositions in PM,, will be further discussed in detail.

METHODOLOGY

Sampling sites: It is well known that Hat-Yai is the largest metropolitan area in southern part
of Thailand with a population of 157,359 (2008) in the city itself, occupying an area of 7,393 km?
on the eastern side of the Malaysian Peninsula. Hat-Yai is a business city located in the southern
part of Thailand (7°1'N 100°28'K) adjacent to the Malaysian border, approximately 30 km away
in the south of Gulf of Thailand. Hat-Yai is the largest city of Songkhla provinee, the largest
metropolitan area in southern and third largest metropolitan area of the country. Although, the
air quality levels in Hat-Yai are categorized as satisfactory in normal condition, the atmoespheric
concentrations of air pollutants exceeded the national air quality standard as a consequence of
trans boundary pellution from uncontrollable forest fire in Indonesia (Quah, 2002) (Fig. 1). Hat-Yai
city 1s categorized as tropical monsoon chimate (Type Am) based on the Koppen climate
classifications, with the 30 year average highest and lowest recorded temperature of 32.3°C
(90.1°F) and 22.9°C (73.2°F), respectively. The 30-year average precipitation was recorded as
1345 mm. Two observatory stations, namely Novotel Centara Hat-Yai Hotel (7°00°20.65"N
100°28'15.65"E) and Lee Gardens Plaza Hotel (7°00'21.39"N 100°28'15.94"E), were located in the
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Fig. 1: Description of air sample observatory sites

center of Hat-Yai city encompassed by schools, business buildings including cloth and snack shops
in Kim Yong market. Three different measurement sites were prudently selected according to its
elevation. Site 1 was placed at Novotel Centara Hat-Yai Hotel at 30 m above building basement,
whilst Site 2 and 3 were positioned at Lee Gardens Grand Plaza Hotel at 60 and 125 m above the
ground level, respectively. Intensive monitoring campaigns were performed at all measurement,
sites concurrently from December 17th-20th 2007 in winter. The PM,, samples were collected every
3 h consecutively from 21 h December 17th to 21 h December 20th by using Graseby-Andersen
High Volume Air Sampler. More detailed description of the air sampling method was provided in
“Compendium Method [0Q-2.2. Sampling of ambient air for PM,; using an Andersen Dichotomous
Sampler”.

Filter sample collection and meteorological data: In this study, Graseby-Anderson high
volume air sampler (PM10-TES001) was used to collect PM,; samples every 3 h consecutively with
the flow rate of 1.132 m® min™'. To avoid any contaminations, tweezers and aluminum foils were
cleaned by dichloromethane (DCM) prior to use. All quartz fiber filters (47 mm Whatman quartz
microfibre filters (QM/A)) were weighed gravimetrically on a microbalance Mettler Toledo AB204-8
(Columbus (Ohio), USA) before and after sampling to quantify PM,, mass load. It is also worth to
mention that all filters were pre-heated to 800°C for 3 h prior to use to avoid any potential
contamination. During the intensive monitoring campaign, all filters were kept in refrigerator at
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4°C to manimize the loss of volatile organiecs during sample preservation. Meteorological data
including barometric pressure, temperature, humidity, rainfall, wind speed and direction, UV/solar
radiation have heen collected at all sampling sites on an hourly basis by using a cabled weather
station with a versatile sensor suite, Davis Vantage ProZ2. The positive sampling artifacts caused
by adsorption of gas-phase carbonaceous components onto the filters during andfor sample
collection was investigated by using field blank filters. However, the negative sampling artifacts
due to the loss of volatile carbonaceous particles were not determined in this study. In addition, the
vertical atmospheric temperature, pressure, relative humidity and wind speed profiles were
monitored every six hours by using weather balloon coupled with radicsonde and carefully
analyzed by research staff from meteorological department of Thailand.

OC/EC analysis: Procedures for OC/EC analysis including calibrations and QA/QC were
conducted at the laboratory of the Department of Civil and Structural Engineering, Research
Centre for Urban Environmental Techneology and Management, The Hong Kong Polytechnic
University, China. These procedures are essentially the same as described earlier by Cao ef al.
(2003). Generally, OC and EC were defined as sum of OC fractions and EC fractions
(OC1+0C2+0C3+0C4) and EC fractions (EC1+EC2+EC3+0F) individually, based on the
Interagency Monitoring to Protect Visual Environments Total Organie Carbon protocol (IMPROVE
TOC) (Chow et al., 1993, 2001; Fung et al., 2002).

Trace gaseous and water soluble ionic species analysis: The CO Analyzer Model 300K
{Teledyne Technologies Incorporated, USA) was selected to analyze ambient CO concentration in
this study. Several features such as “microprocessor controlled for versatility”, “multi-tasking
software for viewing test variables during operation” and “temperature and pressure compensation”
were included in the instrument. The instrumental sensitivity for CO determination ranges from
0-1 ppm to 0-1,000 ppm with the instrumental detection limit of 0.04 ppm. The UV adsorption O,
Analyzer Model 400 K (Teledyne Technologies Incorporated, USA) provides analytical ranges of
monitoring ozone of 0-100 ppb to 0-10 ppm with the instrumental detection limit of 0.6 ppb. Using
the chemical characteristic of ozone which absorbs UV light, performed the calculation of ozone
concentration. A chemiluminescence NO/NCO,/NO, Analyzer Model 200K coupled with state-of-the-
art microprocessor technology (Teledyne Technologies Incorporated, USA) was employed to monitor
NO-NO,-NO_ in this study. The analytical capability of Model 200K ranges from 50 ppb to 20 ppm
with the instrumental detection limit of 0.4 ppb. Three-hour Water-Soluble Tonic Species (WSIS)
in PM,, were also measured during the monitoring campaign.

RESULTS AND DISCUSSION
Diurnal variation of OC and EC: Diurnal variation of three-hourly PM,,, TC, OC and EC are
displayed in Table 1 and represent monitoring period of three days. During this cbservation period,

Table 1: Statistic description of concentrations of carbonaceous species and its percentage contribution in PM,, collected at Hat-Yai city

Sampling height (m) PM;, (g m—3) TC(ug m™?) OC (ugm™) EC (ug m™3) TC (%) OC (%) EC (%)
Level-1 (30) 42.5+11.0 8.8+3.1 8.3+2.5 0.5+0.8 23.4+14.7 21.8+12 1.6+3.3
Level-2 (60) 41.245.90 5.7£1.9 5.4+1.6 0.4+0.3 14.2+4.5 13.3£3.9 0.9+0.8
Level-3 (125) 46.6+£14.1 4.9+1.3 4.8+£1.3 0.1+0.1 12.5+8.6 12.3+8.6 0.2+0.3
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the correlation coefficients (R) between OC and EC were highest at Site 1 (R = 0.80) followed by
Site 2 (R = 0.60) and Site 3 (R = 0.070), respectively. The altitude decreasing pattern of R can be
explained by numerous factors. Firstly, the photolysis and heterogeneous chemical reactions with
trace gaseous species can be interpreted for this consequence. Since, there were no significant
differences (p<0.05) between solar radiation measured at Site 1 (109.3£149.9 W m™?) vs. Site 2
(98.7£115.9 W m™ and Site 2 vs. Site 3 (145.6£183.9 W m™), it would be safe to assume that
photolysis activities play a minor role in oxidizing carbonaceous aerosols and thus altering OC-EC
correlations at higher altitude. Secondly, wind speed might influence the correlations between OC
and KC due to the fluctuations in magnitude of dispersion occurred in different altitudes.
Significant differences of wind speed (p<0.001) found in Site 1 (2.5+0.55 m sec™) vs. Site 2
(3.5+£0.94 m sec™) and Site 2 vs. Site 3 (1.6+£0.46 m sec™!) support this idea. Thirdly, the strength
of individual emission sources varied with wind direction. Hence, significant differences of wind
direction (p<0.001) detected at Site 1 (252+17°) vs. Site 2 (100+11°) and Site 2 vs. Site 3 (152+£50°)
emphasize the importance of emission sources on variation of R-values.

As illustrated in Fig. 2, the maximum OC and KEC concentrations were detected during the
observation period of 21:00-00:00 on 17/12/2007 at Site 1 when Hat-Yai city showed the highest
vehicular density at these peak hours. Since, observatory sites are surrounded by restaurants and
encompassed by night markets, it appears plausible to aseribe the highest content of carbonaceous
aerosols from 21:00-00:00 as a mixture of traffic originated air pollutants. The overall declination
of carbonacecus contents of all sampling sites was prominent after mndnight of 17/12/2007. This can
be explained by some small contributions of wet-depositions caused by irregular light shower rain
occurred during the three days of moenitoring campaign. The morning peak of OC and EC found
during the sampling period of 06:00-09:00 reflected the crucial role of vehicular exhausts on
carbonaceous contents in Hat-Yai city.

OCIEC ratios: Overall, the average OC/EC ratios observed in this study were 16.243.1, 13.5+4.0
and 48.0£13.0 for site 1-3, respectively. Site 3 averaged OC/EC ratio was significantly three times
higher than those of Site 1 and 2 with the confidence level of 95%. These three-day averaged
OC/EC ratios all were much higher than those of 1.140.9, 2.2, 2.441.1, 2.5, 2.6 and 2.942.7 detected
at Chongju, South Korea (Lee and Kang, 2001), Thessaloniki, Greece (Terzi ef ¢l., 2010}, Zhuhai,
China (Cac et al., 2003), Beijing, China (He ef al., 2001), Borgerhout, Belgium (Vercauteren ef al.,
2011) and Xi'an, China (Cao ef al., 2005), respectively but somewhat close to the average ratio of
14.443.5 reported for Kosan, Korea (Kim et al., 2000). The existence of extremely high QC/EC
ratios observed in Hat-Yai city can be interpreted as a consequence of the relatively low EC
background in the coastal atmosphere coupled with the formation of Secondary Organic Carbon
(SOC) during the long range transportation of maritime aerosols. It is also worth to mention that
biomass and agricultural residue burnings play a significant role in enhanecing the OC/EC ratios
as previcusly mentioned 1in several reports (Cao ef al., 2007, Goncalvesa ef al., 2011;
Pongpiachan et al, 2009). Since, Hat-Yai city 1s surrounded by numerous para-rubber sheet,
factories, it seems rationale to attribute the relatively high OC/EC ratios as a result of emissions
derived from biomass-fired utilities using during the manufacturing process. It is also crucial to
stress that open burning of rice straw after harvesting is a common practice in Thailand and other
Asian countries and thus to some extent enhance the OC/EC ratios. In addition, the relative high

OC/KEC ratios detected at agricultural area of Korea, Kosan, support these interpretations.
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Fig. 2(a-b): Diurnal variation of (a) OC and (b) EC in PM,, collected at Hat-Yai from 17/12/07 to
20112107

Impact of aerosol types on variation of SOC: Because of the geographic configuration of
Hat-Yai city which possesses more than 50% of the surface area adjacent to coastal lines, it is
curious to investigate the impact of maritime aeroscl on the variation of carbonaceous compositions.
For decades, the chemical characteristics of water-soluble ionie species in aerosols have been
intensively studied in various parts of the world. Despite of differences in both meteorological
constraints and emission sources, several studies concluded that Cl~ and SO,*” are major
contributors of WSIS mostly found in maritime aerosols whilst K" and NH," have tended to be the
main compositions of those particles originated from biomass and agricultural waste burnings
{Allena et al., 2004; Kocaka et al., 2007; Matsumoto ef al., 1998; Osada et al., 2002; Park and Cho,
2011). Since, particulate NO,™ is a good indicator of those aerosols derived from traffic emissions
and other imperfect combustions of fossil fuels, one can take advantage of binary ratios between
maritime and biomass burning WSIS to traffic exhaust originated NO,™ to classify aerosol types.
In order to categorize various types of air masses, the ratios of C17/NO,~, SO,*/NO,~, K*/NO,™ and
NH,/NO,~ were carefully employed by using the concept of outlier {i.e., the values lie within two
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standard deviations of the mean). For instance, those outliers of CI7/NO,~, SO,2/NO,, KYNO,™ and
NH,"NO_™ can be considered as represents of maritime aerosols, biomass burning and agricultural
waste burning particles, respectively.

Further estimation of secondary organie carbon in Hat-Yai PM,, was performed by using the
concept. of Na ef al. (2004). The 1dea is based on the assumption that samples having the lowest,
OC/EC ratios contain almost exclusively primary carbonaceous compounds (Castro ef al., 1999). For
this study, OC/EC ratios of 6.0, 8.8 and 12.6, (the average of the three lowest OC/EC ratios), were
employed to estimate the Secondary Organic Carbon (SOC) content of Hat-Yai PM,, at Site 1-3

sampling sites, respectively. The concentration of secondary Organic Carbon (OC_) can be
estimated using the subsequent equation:
OC,,= Octot-ECX(OC/’EC)pmw (1

where, (OC/EC)
organic carbon.

By employing Eq. 1 to compute OC
of OC__ to OC

8560 tot

is the average value of the three lowest QC/EC ratios and OC_, is the total

primary

«, contents in Hat-Yai PM,,, the percentage contributions
were found to be 67.8423.0, B6.7+27.6 and 66.8423.2% for Site 1, 2 and 3,
respectively. The total average value of OC_ at all levels was 63.8+24.6%. This average value is
approximately 1.6 and 2.8 times higher than those observed in Kachsiung (40.0%, Lin and Tai,
2001) and Birmingham, UK (17%, Castro et al., 1999), respectively but similar to those detected
in Claremont, US PM, . (65%, Na ef al., 2004).

As clearly illustrated in Table 2, the estimated percentage contributions of OC_ as categorized
in maritime aerosol group by using the binary ratios of C17/NO,~ and SO, /NO,™ are approximately
1.44 times higher than those of none-maritime aerosol group at the confidence level of 95%.
Correspondingly, biomass burning originated aerosols as defined by the binary ratio of K'/INQ; is
significantly 1.38 times higher than those of non-biomass burning group. In addition, the
calculated percentage contribution of OC_ . which is classified in agricultural waste burning

Table 2: Percentage contributions of carbonaceous compositions in maritime, terrestrial and biomass-burming aerosols as categorized
by using the ratios of C17/NO;~, 8O, /NO;~, KNNO; and NH,YNO;~

Wind direction PM;, TC (%)2 OC (%)= EC (%)? S0C (%)t
C17/NOs~
Maritime aerosol® 2665+3 40.9+7.23 17.0+3.61 16.9+3.56 0.194+0.180 89.5+0.103
Non-maritime aerosol® 164+3 44.1+11.9 16.6+11.4 15.7£9.88 0.930+2.01 62.2+25.0
Significant difference (p<0.05) S NS NS NS S 3]
SO27INO™
Maritime aerosol® 184.7£91.0 46.9+15.1 13.646.5 13.446.5 0.240.2 88.845.1
Non-maritime aerosol® 167.0+69.8 43.7+11.6 16.8+11.4 15.9+9.9 0.9+2.0 61.7£24.9
Significant difference (p<0.05) NS NS NS NS S 3]
K'/NOs~
Biomass burning aerosol® 220£70 34.446.2 7.04£2.5 T.7+2.3 0.240.2 85.4£12.3
Non-biomass burning aerosol?® 166+70 44.5+11.7 6.4+2.8 6.1+2.4 0.3+0.6 61.9+25.0
Significant difference (p<0.05) NS S NS NS NS 3]
NH,'/NO;~
Agricultural aerosol® 228467 36.446.8 23.2411.4 22.6+£10.7 0.6£0.7 82.2£7.5
Non-agricultural aerosol? 164+69 44.5+11.8 16.1+11.1 15.2+9.49 0.9+2.1 61.7+25.3
Significant difference (p<0.05) NS NS NS NS NS 3]

2Percentage of carbonaceous compositions in PM;,, *Percentage mass of SOC in OC, *Value higher than the average plus two times of

standard deviations, “Value lower than the average plus two times of standard deviations
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aerosol group by applying the binary ratios of NH,/NO,7, is 1.33 times higher than those of
non-agricultural waste burning group. Overall, this indicates the highly complicated mechanisms
of SOC formation in the atmospheric environment of Hat-Yai city.

Correlation and cluster analysis: An average linkage (rescaled distance cluster combine) mode
Hierarchical Cluster Analysis (HCA) was applied to the data matrix composed of 24 samples and
17 meteorological and chemical variables for all sampling sites. The construction of HCA includes
24 members which represent the sample collected at each sampling period {.e., sample 1 for
monitoring period of 21:00-00:00, 17/12/07 and sample 2 for monitoring period of 00:00-03:00,
18/12/07). The first cluster contains an association of sample 1, 2, 3, 8, 9, 10, 17, 18, 19, sample 1,
2,8, 8 9, 11, 16,17, 18, 19, 24 and sample 1, 2, 3, 8 9, 10, 11, 16, 17, 18, 19, 24 for Site 1, 2
and 3, respectively (Fig. 3a-c). This distribution pattern reflects the impact of traffic ermssions

Site 1 Site 2
Case 5 10 15 20 25 Case 5 10 15 20 25
label No. label No.
8 18 -
104 @ 24 ] b
19
17 7]
18 7 16
2 - 5]
2] 5
9 4 37
1 4 9
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20 23
7 ]
23 o
15 - 20 -
13 - 57
14 22 1
5 - 6 |
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21 14 -
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) Site 3
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label No.

©

—_ ——
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Fig. 3(a-c): Hierarchical dendrogram of meteorological and chemical variables collected at

{a) Site 1, (b) Site 2 and (¢) Site 3
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during the monitoring period of 18:00-21:00, 21:00-00:00 and 00:00-03.00 suggesting that
nighttime tourism activities crucially play a major role in governing the air quality of Hat-Yai city.
The second cluster which includes sample 4, 7, 12, 15, 20, 23 for Site 1, sample 7, 12, 15, 20, 23 for
Site 2 and sample 5, 7, 13, 14, 15, 22 for Site 3, appears to be a group of samples asscciated with
daytime anthropogenic activities, like release by vehicular exhausts, fossil fuel combustions from
industrial activities, biomass and agricultural waste burnings. For Site 3, the association of sample
4,12, 20 and 21 characterizes the third cluster. This last cluster indicates the morning activities
{06:00-09:00) possibly related to the traffic emissions during the rush hour.

The strong Pearson correlation coefficients between TC and OC were observed at all altitudes
with the E-values of 0.99 at all observatory sites (Table 3). This emphasizes that carbonaceous

Table 3: Pearson correlation coefficients of meteorological parameters and chemical compositions in PM;, collected at Site 1-3

Variables T* RH®* SR°* WS* PM;, NO;y- Na S04 NH/ K Ca? TC oC EC cO Q3 NGO

Site 1

T= 1.00

RH* -0.92  1.00

SR° 0.82 -067 1.00

W 0.73 -055 067 1.00

PM,, 0.00 -0.13 -0.19 -0.23 1.00

NOs~ -0.05 -013 -032 -019 081 1.00

Na* 0.05 -015 001 -0.21 013 0.18 1.00

SO -0.07 -015 -035 025 046 094 026 1.00

NH,* -0.19 009 -035 -040 033 033 039 042  1.00

K -0.28 033 -033 -0.20 -034 -006 0.16 013 030 1.00

Ca* 031 -031 034 040 005 0.08 -0.25 0.05 -0.30 -0.37 1.00

TC 0.06 -0.26 -0.17 -0.20 057 0587 010 057 023 032 039 1.00

ocC 012 007 026 033 039 -033 038 -029 -005 020 -0.25 099 1.00

EC 018 004 033 038 038 -039 031 -034 -008 022 -0.22 068 098 100

cO 008 013 -001 o011 031 -007 051 -005 006 010 -028 -027 083 071 1.00

O -0.11 -006 -0.12 -0.22 027 032 -0.12 031 003 -0.36 033 0.75 -053 -059 -0.24 1.00
NO, 027 -021 026 014 008 -015 039 -011 007 021 -037 -048 048 051 029 -0.78 1.00
Site 2

T= 1.00

RH* -0.92  1.00

SRe 0.73 -064 1.00

ws¢ 0.71 -056 031 1.00

PM;, -0.08 025 -013 006 1.00

NO;~ 051 -058 025 021 -0.09 1.00

Na* 0.15 -0.10 017 -0.05 010 054  1.00

SO 0.06 -0.05 -0.05 023 017 047 072 1.00

NH,* -0.10 018 -0.13 -0.35 038 017  0.52 0.75 1.00

K* -0.26 055 -008 000 027 -039 0.03 010 026 1.00

Ca* 034 -034 020 030 -0.27 0.23 009 -008 -032 -027 1.00

TC 0.2 -027 028 032 -0.15 038 0.24 014 -0.06 -0.13 012 1.00

ocC 0.28 -026 026 030 -0.14 033 014 0.10 -0.06 -0.1Z2 0.10 099 1.00

EC 025 -0.22 027 030 -0.14 0.47 061 028 001 -0.13 018 0.64 050 1.00

CcO 027 014 -0.14 -032 002 -004 006 -004 000 -003 -029 -014 -013 -015 1.00

O 041 -036 029 014 -0.15 0.04 -0.32 0.05 018 -0.04 -0.03 0.24 030 -0.17 -053 1.00
NO, -0.33 021 -0.15 -0.24 -0.01 015 0.39 007 -015 014 018 -018 -027 032 041 -0.88 1.00

368



Asian J. Applied Sei., 7 (5): 360-374, 2014

Tahble 3: Continue
Variables T2 RH* SR® WS PM,, NO;- Na 50,2 NH,* K* Ca®* TC oC EC [810) 0O;  NOg

Site 3

T= 1.00

RH® -0.92 1.00

SR* 0.85 -0.75 1.00

W 0.73 -061 048 1.00

PM;, 012 -042 -0.01 -0.08 1.00

NO;~ 031 -0.24 016 -0.06 0.08 1.00

Na* -0.06 -009 -026 -0.26 043 0.45  1.00

S0, -0.29 014 -034 -023 024 0.02 052 1.00

NH* -0.22 022 -030 -0.20 000 0.46  0.08 0.28 1.00

K -0.06 -005 -005 -0.12 048 015 0.30 0.23 010 1.00

Ca®* 0.25 -0.24 039 -0.07 006 013  0.03 023 -0.30 037 1.00

TC 0.23 -0.05 028 021 -0.36 0.27 -040 -006 036 -0.02 027 1.00

oC 0.20 -0.02 025 021 -0.37 0.24 -042 -004 038 -001 027 099 1.00

EC 038 -035 033 011 011 0.29 013 -017 -0.09 -0.09 001 018 008 1.00

CcO 032 035 -011 -039 -015 -0.08 -0.18 0.06 033 -0.06 -011 -021 -0.16 -0.51 1.00

O3 0.00 -0.04 004 -024 005 0.21  0.04 022 016 -0.15 0.20 038 037 012 -019 1.00
NO, 029 015 -017 031 030 -024 004 -019 -012 033 -021 -058 -058 -010 034 -0.72 1.00

“Temperature, *Relative humidity, *Solar radiation, *Wind speed. Bold No. represents R-value higher than 0.70

compositions are overwhelmed by OC at all sampling altitudes and the contribution of EKC can be
considered as a minor of importance during the monitering period. The relatively high correlation
coefficients of SO, vs. NO,” (R =0.94), OC vs. CO (R = 0.83) and EC vs. CO (R =0.71) measured
at Site 1 emphasize the major influence of vehicular exhausts at ground level. On the contrary, the
considerably strong correlations of SO vs. NH," (R = 0.75) and SO,* vs. Na' (R = 0.72) indicate
a shift in origin of sampled air to other non-vehicular sources, as also indicated in the change of
wind distribution pattern observed at Site 2 (Fig. 4). Indeed, it may be seen that during the
observatory period, most air samples of Site 2 originate from the east-to-southeast, whilst Site 1
exhibits the majority of air masses from west-to-southwest wind sectors.

Principal component analysis: Table 4 displays the principal component patterns for Varimax
rotated components of the carbonaceous composition data set at all sampling sites, coupled with
WSIS and meteorological parameters. In order to enable further investigation of possible QC/EC
emission sources at Site 1, a PCA model with three significant PCs, each representing 31, 21 and
15% of the variance, thus accounting for 67% of the total variation in the data, was computed. The
first component (PC1) shows high loading on OC, EC, CO and NO, with the correlation coefficients
of 0.85, 0.83, 0.73 and 0.75, respectively. Since, urban area is a major source of CO and NO, and
thus the positive loading of these trace gaseous species coupled with OC and EC observed in PC1
can be attributed to vehicular exhausts. Significant positive correlations of TC, NO,~, SO, and
PM,, were observed in PCZ indicating that vehicular road dust particles which were immediately
conveyed to receptor close to ground level and/or soot particles emitted by and/or soot particles
emitted by cocking fire from Chinese restaurants (i.e., wood combustion) are probably two main
sources found in Site 1-PC2. There 1s no correlation between meteorclogical parameters and
carbonaceous compositions which might imply that Site 1 is mainly governed by vehicular emissions
rather than meteorological factors.
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Fig. 4. Percentage contributions of wind directions in Hat-Yai from 17/12/07 to 20/12/07

Table 4: Principal component analysis with Varimax rotation using meteorological parameters with carbonaceous compositions and other

chemical parameters in PM;, collected at Site 1-3

Site 1 Site 2 Site 3
Variables PC1 PC2 PC3 PC1 PC2 PC3 PC1 PC2 PC3
T= 0.14 0.03 0.93 0.42 0.60 -0.48 0.95 0.09 -0.06
RH® -0.04 -0.28 -0.87* -0.41 -0.46 0.60 -0.92 0.04 -0.17
SR 0.15 -0.27 0.86 0.33 0.42 -0.40 0.83 0.08 -0.20
W 0.14 -0.30 0.79 0.17 0.44 -0.51 0.69 -0.01 -0.34
PM;, -0.23 0.65 0.03 0.01 -0.01 0.48 0.22 -0.28 0.72
NO;~ -0.12 0.85 -0.05 0.78 0.07 -0.21 0.21 0.46 0.44
Na* 0.64 0.49 -0.02 0.86 -0.27 0.23 -0.04 -0.08 0.86
80, -0.04 0.88 -0.10 0.70 -0.01 0.56 -0.31 0.25 0.60
NH,* 0.25 0.58 -0.35 0.39 0.10 0.82 -0.40 051 0.18
K+ 0.39 -0.08 -0.50 -0.18 0.05 0.55 0.02 -0.05 0.58
Ca* -0.48 0.02 0.53 0.18 0.00 -0.58 0.31 0.28 0.24
TC -0.54 0.72 0.13 0.58 0.35 -0.21 0.18 0.86 -0.31
oC 0.85 -0.28 0.10 0.49 0.41 -0.19 0.13 0.85 -0.33
EC 0.83 -0.36 0.14 0.76 -0.08 -0.23 0.50 012 0.14
coO 0.73 0.02 -0.06 -0.03 -0.58 0.03 -0.52 -0.17 -0.15
0 -0.68 0.39 0.02 -0.07 0.92 0.10 0.00 0.69 0.17
NO, 0.75 -0.09 0.15 0.24 -0.91* -0.20 -0.22 -0.78* 0.11
Percentage of 30.76 20.99 14.77 27.87 18.22 14.24 25.64 17.99 15.25

total variance

“Temperature, *Relative humidity, *Solar radiation, *Wind speed. Bold No. represents R-value higher than 0.70

A similar PCA was performed for Site 2 (Table 4). Three components were identified from the
principal component matrix each representing 28, 18 and 14% of the variance, thus accounting for
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60% of the total variance. PC1 shows high loading on Na' (R = 0.88) followed by moderate loading
on NO, (R =0.78), KC (R = 0.76) and SO, (R =0.70). Na"is a typical biomarker of sea-salt
aerosols whilst 50,> may have originated from both maritime and biomass burning aerosols. Hence,
the relatively high loadings of EC coupled with Na*, SO,*” and NO,™ in PC1 can be attributed to
both local traffic emissions and long-range transportation across over the sea. On the other hand,
the principal component patterns for Varimax rotated components of Site 2 composed of three
components which account for 59% for the variance. These represent similar variance with those
seen for Site 1 and 2 and moreover PC1 (26% of variation) 1s almost identical to those of Site 2
(28% of variation) and Site 3 (31% of variation). The negative loadings on NO, (R = -0.78) and
positive loadings on TC (R = 0.86) and OC (R = 0.85) were observed in Site 3-PCZ2 which might
imply that carbonaceous compositions detected in PC2 is probably originated from non-vehicular
sources. It is also worth to mention that EC is to some extent positively correlated to air temperature
(R =0.95), solar radiation (R = 0.83) and wind speed (K =0.69) but negatively associated to relative
humidity (R = -0.92) as displayed in PC1. It would be reasonable to assume that an increase in
wind velocity during the daytime promotes re-suspension of soot. dust particles and light shower
rain can significantly reduce EC contents during the ocbservatory period.

CONCLUSION

An 1mportant day-to-night difference in the magnitude of tourism activities might have
explained the large discrepancy observed between day and nmight time of carbonaceous composition
levels in PM,, samples during the monitoring peried. Despite of its moderate level of OC and KEC
contents, Hat-Yai PM,, contains relatively high OC/EC ratios indicating the strong influence of
either aged particles derived from long-range transportation and/or biomass and agricultural waste
burning aerosols. While traffic emissions play a major role in governing carbonaceous contents at
ground level, wind speed and emission source type significantly influence OC and EC levels at
higher altitudes. The concept of binary ratios using WSIS highlights the contribution of both
maritime and biomassfagricultural waste burning aerosols on formation of SOC at the Southern
coastal city of Thailand.
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