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ABSTRACT 

Volatile organic compounds (VOCs) have been known as major precursors in the formation of 

photochemical smog and ground level ozone as well as primary health risk factor in both indoor 

and ambient air. Despite this fact, few studies on the ambient and indoor air levels of VOCs have 

been done for developing countries like the Philippines, where the VOC levels are expected to 

be high due to rapid industrialization and lenient regulations. At present, VOCs remains 

unregulated and are rarely monitored in the Philippines. 

 

In this study, presence and concentration levels of VOCs were investigated for urban (Manila) 

and industrial areas (Calamba and Binan) in the Philippines. Ambient and indoor samples from 

both areas were obtained by means of active sampling using Tenax TA tubes as sorbent 

material. Analysis and quantification were done by thermal desorption-gas chromatography-

mass spectrometry (TD-GC-MS) and internal standard calibration. A total set of 37 VOCs 

consisting of alkanes, aromatic hydrocarbons, halogenated compounds, oxygen containing 

hydrocarbons and terpenes were identified from the six sampling sites representing the urban 

and industrial environments. Aromatic compounds were observed to be the dominant VOCs in 

all the sampling sites. TVOCs was highest at 248 μg/m3, in one of the industrial areas where a 

nearby roof painting plant was situated, while roadside mean TVOC at urban area  was 129 

μg/m3. Diagnostic ratios and correlation analysis were utilized for source identification and 

based on the results, urban ambient area was seen to be influenced primarily by traffic 

emissions while industrial ambient area showed poor correlation which is indicative of multiple 

sources. Indoor samples was shown to be influenced both by outdoor and indoor sources. 

Ozone formation potentials were also estimated based on MIR-2010 (Maximum Incremental 

Reactivity) scale. Estimated values showed that 3 of the 4 outdoor sites exceeded the WHO 

recommended level of 100 μg/m3 for ozone. Based on this study, traffic and industries emit 

significant amount of VOCs that could cause immense health risks to population residing near 

the emission sources. 
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GENERAL INTRODUCTION 

Air quality has become a major issue specially in developing nations where the regulations to 

protect ambient as well as indoor air conditions is not yet well placed primarily because of the 

priority in improving industrial strength and national wealth over environmental conditions.  

Among the different anthropogenic pollutants emitted into the troposphere, volatile organic 

compounds (VOCs) are particularly important because they contribute to two of the most 

serious air quality problems. They have been known as major precursors for the formation of 

photochemical smog and ground level ozone. In addition several VOCs directly affect the health 

conditions of humans as some VOCs found in urban air such as 1,3-butadiene, benzene, 

formaldehyde and acetaldehyde are classified as carcinogens (Gee and Sollars, 1998; Barletta et 

al., 2008).  

Like many developing countries, rapid industrialization and increasing number of transport 

vehicles have caused detrimental effects on the air quality of the Philippines especially in the 

urban areas of the country. The number of transport vehicles in the country for instance has 

been increasing at the rate of 5 to 6 percent per year (ADB, 2006). Emissions from motor 

vehicles largely affect the urban air quality in addition to the emissions from rising number of 

industries. Having realized the implications of the deteriorating air quality in the country, the 

government started to take initiatives in regulating pollutant emissions. Laws, such as the 

Philippine Clean Air Act of 1999, were promulgated but they cover mostly criteria pollutants 

(e.g. Totals Suspended Particles (TSP), Particulate matter (PM), SO2, NO2) while VOCs remained 

unregulated and are rarely monitored in the Philippines (Balanay and Lungu, 2009). 

Several studies on the ambient and indoor air levels of VOCs in different environments such as 

industrial and urban areas have been done in many developed countries. However very few 

researches have been made for the  developing ones although VOCs are expected to be an 

important environmental and health risk factor for the rapidly industrializing countries (Han and 

Naeher, 2006). From the open literature, there are only two studies that deal with the ambient 

levels of VOC in the Philippines which were limited to roadside environments. On the other 

hand, there is no known published data yet to assess the indoor VOCs of residential houses in 

the Philippines. Beyond this, proper information on VOC levels for urban and industrial areas in 

the Philippines is still lacking.  

Knowledge of ambient and indoor levels of VOCs, their source profile identification and effect 

on health due to exposure are necessary in creating development programs, planning and 

implementing regulations and pollution reduction strategies. This study therefore aimed to 

investigate the levels and nature of VOCs in urban and industrial areas in the Philippines as well 

to provide information that would be useful in environmental and health policy making process 

in the Philippines.  
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CHAPTER ONE: LITERATURE REVIEW 

1.1 Volatile organic compounds 

Interest in volatile organic compounds (VOCs) in the atmosphere begun since Haagen–Smit 

recognized the importance of anthropogenic organic compounds in atmospheric chemistry in 

his pioneering studies of Los Angeles smog in the 1950s. In that study, it was shown that VOCs 

and nitrogen oxides (NOx) combine photochemically to produce tropospheric ozone (Derwent, 

1995; Goldstein and Galbally, 2007). With the growing concern for quality life in safe and clean 

environment, attention to ambient and indoor VOCs has been increased ever since (Kumar and 

Víden, 2007). 

VOCs stands for a very large and heterogeneous group of organic chemicals that includes 

aliphatic and aromatic hydrocarbons, alcohols, aldehydes, ketones, esters and halogenated 

compounds that share a common characteristic of high volatility in the ambient environment 

(Demeestere et al., 2007; Van Langenhove, 2010; Talapatra A., 2011). Methane is an organic gas 

that is much less reactive than other hydrocarbons in the troposphere, so it is often considered 

separately (Demeestere et al., 2007; U.S.EPA, 2010). 

1.2.1 Definitions and classifications 

A wide range of definitions can be found for VOCs. Generally definition can be categorized as 

either effect oriented or based on the compound’s physical property.  

According to EU Directive 1999/13/ EC or Solvent Emissions Directive (EU, 1999), VOCs are 

functionally defined as organic compounds having at 293.15 K (i.e., 20°C) a vapor pressure of 

0.01 kPa or more, or having a corresponding volatility under particular conditions of use. The EU 

Paint Directive, 2004/42/EC (EU, 2004) on the other hand, uses the boiling point, rather than its 

volatility in its definition of VOCs and defines VOC as an organic compound having an initial 

boiling point lower than or equal to 250 °C at an atmospheric pressure of 101.3 kPa. Similarly, 

the European Eco-labelling scheme, 2002/739/EC (EU, 2002) for paints and varnishes defines 

VOCs as any organic compounds having a boiling point (or initial boiling point) lower than or 

equal to 250°C.  

United States Environmental Protection Agency (US EPA) in their regulations for outdoor air, 

uses an effect oriented definition and defines VOCs as any compound of carbon, excluding 

carbon monoxide, carbon dioxide, carbonic acid, metallic carbides or carbonates, and 

ammonium carbonate, which participates in atmospheric photochemical reactions (U.S.EPA, 

2009). EU National Emissions Ceilings Directive 2001/81/EC (EU, 2001) also uses an effect 

oriented definition, where a VOC is any organic compound of anthropogenic nature, other than 

methane, that is capable of producing photochemical oxidants by reaction with nitrogen oxides 

in the presence of sunlight.  
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The effect oriented definition however is rather limitative. For instance, chloromethane and 

tetrachloroethylene are exempted compounds for outdoor regulation on the basis of their 

relative non-reactivity, but they could pose serious health risks to exposed individuals if present 

indoors (IARC, 2012; U.S.EPA, 2012). Therefore, this study used the more broad definition of 

VOCs to include such toxic VOCs in the discussion. 

1.2.2 Major Sources 

Emission sources for VOCs include both anthropogenic and biogenic sources (Mintz and 

McWhinney, 2008; Kansal, 2009; Van Langenhove, 2010). On the global scale however, biogenic 

emissions far exceeds anthropogenic emissions by approximately a factor of 10. Biogenic 

emission rates are estimated to be about 1150 Tg C/yr while anthropogenic sources emit 

approximately 142 Tg C/yr (Guenther et al., 1995; Goldstein and Galbally, 2007; Talapatra A., 

2011; Sahu, 2012). 

Global budget for atmospheric VOCs was estimated and proposed by Goldstein and Galbally 

(2007). Formation of secondary organic aerosols, which are eventually removed either by 

deposition or oxidation to CO was suggested to account for the loss of approximately half of 

non-methane volatile organic compounds (NMVOCs) entering the atmosphere. This is shown in 

Figure 1.1.  

 

 

 

 

 

 

 

 

 
Figure 1.1 Proposed mass-balanced based estimate of the global budget for atmospheric VOCs;  
Units in Tg C/yr (Goldstein and Galbally, 2007) 
 
1.2.2.1 Natural sources 

Natural sources of atmospheric VOCs include emissions from vegetation, specifically rural 

forested areas, oceans, marine phytoplanktons, soil microbiota and geological hydrocarbon 

reservoirs (Guenther et al., 1995; Stavrakou et al., 2009; Van Langenhove, 2010; Sahu, 2012). 

Among these, the major natural source of NMVOCs is terrestrial vegetation. Predominant 

NMVOCs emitted from vegetation include isoprene (2-methyl-buta-1,3-diene), monoterpenes 

and oxygenated terpenes. Annual global (VOCs) flux from plants was estimated to consist of 

44% isoprene, 11% monoterpenes, 22.5% other reactive hydrocarbons and 22.5% other non-

reactive hydrocarbons (Guenther et al., 2000; Kansal, 2009; Van Langenhove, 2010). 
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Biogenic VOCs (BVOCs) are important in atmospheric chemistry because of their large impact on 

both regional and global air quality. They have high reactivity in the atmosphere and thus have 

shorter atmospheric lifetimes than anthropogenic VOCs due to faster reaction rates with 

hydroxyl (•OH) radicals. BVOCs have been reported to have disproportionately large impact In 

tropical photochemistry, compared to higher latitudes (Sahu, 2012). BVOCs can be a major 

influence in ozone chemistry in a variety of ways. It can act as a source through oxidation 

products like ketones, aldehydes and carbon monoxide, or as a direct sink of oxidants by 

competing with ozone as a sink for NO (Guenther et al., 2000). In some urban environments, 

BVOCs emissions were shown to have the same degree of importance as anthropogenic VOCs 

emissions in terms of regional photochemical ozone production (Goldstein and Galbally, 2007).  

 

1.2.2.2 Anthropogenic Sources 

Anthropogenic sources of ambient VOCs primarily include mobile sources emissions (transport 

sector), and stationary sources (industrial solvent use, production and storage processes, 

combustion processes). Vehicle emissions is often the main source of VOCs in urban areas 

(Barletta et al., 2005; Theloke and Friedrich, 2007; Van Langenhove, 2010; Huang et al., 2011).  

Anthropogenic emissions are important in urban areas because of the higher potential for 

tropospheric ozone formation. Unlike the rural areas where there are also significant BVOC 

production, industrial and vehicular pollution in urban atmosphere also contribute to increased 

NOx level that promotes production of tropospheric ozone even in small concentration of VOCs 

(Talapatra A., 2011).  

 

(a) Mobile Sources 
 
At present, traffic is the predominant source of ambient VOCs in many urban areas in 

industrialized countries. Among the exhaust VOCs, approximately half of the mass emitted is 

unburned fuel (Caplain et al., 2006). Traffic related VOCs include alkanes, alkenes, alkynes and 

aromatic hydrocarbons. Among traffic related VOCs, aromatic compounds, including benzene, 

toluene, ethyl benzene, and isomers of xylene (BTEX), have public health importance and are of 

great concern because of their relative abundance (Han and Naeher, 2006; Buczynska et al., 

2009).  

Vehicular VOC emission depends on a variety of factors. Rubin et al. (2006) reported that 

exhaust contribution to VOC levels varies depending on time of day and day of week and that 

there is positive association between the headspace vapor contribution and ambient air 

temperature for afternoon hours. Composition of exhaust was also found to be dependent on 

the type of vehicle and use of catalytic converters (Verma and des Tombe, 2002). For instance, 

light alkanes and alkenes were reported to constitute the highest proportions of VOCs from 

catalyst-equipped, gasoline-driven passenger cars (Stemmler et al., 2005; Lai and Peng, 2012). 

Vehicles using unleaded fuels without catalytic converters on the other hand were observed to 

generate more VOCs (Wang and Zhao, 2008). The influence of the type of fuel and fuel 
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composition was also reported. Chemical composition and magnitude of vehicle exhaust 

emissions was shown to be directly related to the gasoline composition used (Schuetzle et al., 

1994). Decrease of aromatic compounds in vehicle exhaust was reported by shifting from Euro 1 

to Euro 3 fuel standards (Caplain et al., 2006). BTEX level in exhaust was also reported to 

decrease for all vehicles fueled with methanol/gasoline blends but increase in formaldehyde 

levels was also noted (Zhao et al., 2011). 

(b) Stationary sources 

Stationary anthropogenic sources of VOCs are grouped into several categories which include 

energy production, industries, solvent evaporation, waste treatment and disposal and 

agriculture and food industries. Among the anthropogenic stationary emission sources, use of 

organic solvents is the most important. Solvents can belong to any of these classes: aliphatic 

hydrocarbons, aromatic hydrocarbons, halogenated hydrocarbons, alcohols, ketones, esters, 

amides (Van Langenhove, 2010).  

 
Industrial zones can thus be a significant source of stationary VOCs as it involves emissions from 

all these categories. Industrial power plants, combustion and a broad range of industrial 

processes are extensive in industrial zones. Use of solvents in metal surface coating, degreasing, 

printing and fabric coating and flatwood-panelling are common in many manufacturing activities 

(Van Langenhove, 2010). Indeed industries can be a significant source of VOCs. For instance high 

concentrations of BTEX were observed at many industrial locations (Tiwari et al., 2010). 

Emission of VOCs from dye industry (Jo et al., 2004), printing industry (Leung et al., 2005), and 

petroleum refinery (Lin et al., 2004) have been published. Polymer industry, rendering industry 

and pulp and paper industry were also cited as important industrial sources of VOCs (Van 

Langenhove, 2010). 

 
1.2.2.3 Indoor sources of VOCs 

The main sources of VOCs in the indoor environment are building materials, furnishings, 

cleaning products, dry cleaning agents, paints, varnishes, waxes, solvents, glues, aerosol 

propellants, refrigerants, fungicides, germicides, cosmetics and textiles, appliances, air 

fresheners and clothing (Weschler, 2009; Sarigiannis et al., 2011; Talapatra A., 2011). Human 

activities such as cooking and smoking also contribute to indoor VOCs (Talapatra A., 2011). 

Other contributors had been cited which includes, solid fuel combustion (Duricova et al., 2010), 

emissions following house renovations (Herbarth and Matysik, 2010), poor ventilation 

(Dimitroulopoulou, 2012) and insecticide application (Bukowski and Meyer, 1995; Pentamwa et 

al., 2011). 

Outdoor sources (e.g. industrial emissions, exhaust from vehicles) also contribute to indoor 

VOCs (Adgate et al., 2004; Talapatra A., 2011). Baek et al. (1997) reported that majority of VOCs 

measured in indoor environments in two cities of Korea were from outdoor sources. Season and 

level of urbanization were also shown to have influence on indoor VOC concentration levels (Jia 

et al., 2008). Similarly, Geiss et al. (2011) showed the effect of geographical and seasonal 
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variations on the indoor air concentrations of VOCs in the statistical analysis of dataset of the 

indoor pollution of European public buildings and homes.  

 

1.3 Effects of VOCs 

VOCs play a vital role in a number of environment and health related issues. These important 

roles are (ii) halogenated VOCs can deplete O3 in the stratosphere. (ii) pose potential risks to 

human health, as some VOCs are toxic. (iii) global-scale increase in VOCs can also induce 

greenhouse effects and (iv) they can serve as precursors of ground-level photochemical 

formation of O3 (Derwent, 1995; Demeestere et al., 2007; Goldstein and Galbally, 2007; Sahu, 

2012). 

 
1.3.1 Effects on human health 

VOCs may impact human health through: (i) direct effects (ii) indirect impacts via photochemical 

ozone formation which is also associated with health risks (Choi et al., 2011).  

Some VOCs can affect the human senses through their odor and narcotic effect especially at 

long exposures indoors. VOCs commonly found indoor air like 2-ethyl-1-hexanol are associated 

with health effects like Sick Building Syndrome (SBS)(Kamijima et al., 2002). This building-related 

disorder is characterized mainly with subjective symptoms like mild irritation of eyes mucous 

membranes and the respiratory system, headaches, nausea, drowsiness, fatigue and general 

malaise (Srivastava et al., 2000).   

VOCs belonging to the category of carcinogens are of great concern and are subject to many 

national and international laws. Some of these VOCs are widely distributed in the ambient 

atmosphere such as: benzene and 1,3-butadiene (buta- 1,3-diene), as potential leukemia 

inducing agents, formaldehyde (methanal), as a potential nasal carcinogen, polycyclic aromatic 

hydrocarbons, as potential lung cancer inducing agents, polychlorinated biphenyl compounds 

(PCBs) and polychlorinated terphenyl, dioxins and furans (Derwent, 1995).  

Another indirect effect of VOCs is through the production of tropospheric ozone. Ozone is 

known to cause respiratory tract inflammation, reduce respiratory capacity, and increase 

hospitalization rates related to asthma and other respiratory ailments. There have also been 

systematic evidences which indicate that short term exposure to ozone is associated with 

premature mortality following episodes of photochemical smog in the US (Volkamer et al., 

2010). Several long term studies showed that the number of attributable deaths due to 

tropospheric ozone is increased by an estimate of 1–2% on days when the 8-hour mean ozone 

concentration reaches 100 μg/m3 compared to when ozone levels are at a baseline level of 70 

μg/m3 (the estimated background ozone level). Health effects was observed to become severe 

and numerous as ozone concentrations increase above the guideline value of 100 μg/m3. This 

effects were reported to occur in places where concentrations are high due to human activities 

or are elevated during episodes of very hot weather (WHO, 2005). 
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1.3.2 Stratospheric ozone depletion 

Some organic compounds contain chlorine or bromine substituents and have high tropospheric 

life time. These VOCs are stable enough to survive tropospheric removal processes, and to reach 

the stratosphere where they undergo the processes of stratospheric photolysis and hydroxyl 

radical destruction that leads to the release of active ozone-destroying chain carriers. VOCs that 

contribute to ozone depletion are termed ozone depleting substances (ODS) which includes 

many chlorinated solvents and refrigerants, and bromine-containing fire retardants and fire 

extinguishers (Derwent, 1995; Van Langenhove, 2010).  

 

1.3.3 Global warming contribution 

Some of the more stable VOCs survive the tropospheric removal process in the atmospheric 

boundary layer and may be transported into the free troposphere above the boundary layer. 

Atmospheric boundary layer is the shallow region of the troposphere next to the earth's surface 

whose depth is typically a few hundred meters in winter to approximately 2 km in mid-summer. 

Some of these longer-lived VOCs are classed as radiatively active gases and can absorb solar or 

terrestrial infrared radiation and possess high Global warming Potential (GWP).  In this sense, 

they directly contribute to enhanced greenhouse effect. Many VOCs however are not 

themselves radiatively active gases, but they have the potential to perturb the global 

distributions of other radiatively active gases thus acting as secondary greenhouse gases. 

Organic compounds can behave as secondary greenhouse gases by: (i) reacting with NOx to 

produce ozone in the troposphere (ii) increasing or decreasing the tropospheric •OH distribution 

and hence perturbing the distribution of methane. VOCs, thus, can effect an increase of ozone in 

the free troposphere and this has raised some concern because ozone is an important 

greenhouse gas (Derwent, 1995). 

 

Ozone can effectively absorb infrared light with a wavelength of around 10 microns and thus 

efficiently absorbs the infrared rays radiated from the earth. Since these wavelengths do not 

overlap those for water vapor and carbon dioxide, it makes ozone a powerful greenhouse gas.   

The extent of global warming property of ozone is shown in Figure 1.2, where global climate 

forcings of different greenhouse gases are compared. Climate forcing is an index generally used 

to compare global warming effects of greenhouse gases. It is expressed in Watts per square 

meter (W/m2) and is obtained by assessing the extent of reduction of infrared light passing 

through the tropopause given an increase in concentration of the particular greenhouse gas. 

From the figure, CO2 exhibited the largest effect on global warming followed by methane and 

ozone. Owing to the relative large effect, the Intergovernmental Panel on Climate Change (IPCC) 

called tropospheric ozone the "third greenhouse gas." (Akimoto et al., 2006) 
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Figure 1.2 Global climate forcings of different greenhouse gases (W/m2) from 1850 to 2000. Source :   

Hansen and Sato (2001)  as cited by Akimoto et al. (2006) 

 

1.4 Tropospheric ozone formation 

As earlier discussed, atmospheric VOCs play an important role in tropospheric chemistry as they 

lead to the formation of ozone. Tropospheric ozone is formed during the photochemical 

oxidation of VOCs in the presence of NOx (oxides of nitrogen, NO and NO2). Formation of ozone 

via VOC oxidation is linked to the number of transformations of NO to NO2 by peroxyradicals 

occurring during the oxidation process (Van Langenhove, 2010; Butler et al., 2011). 

 
1.4.1 Mechanism of formation  

The mechanism of tropospheric ozone formation was described by Van Langenhove (2010) 

and Akimoto et al. (2006) as shown in the figure below. 

 

 

 

 
 
 
 

 

Figure 1.3 Generation and transformation process of ozone and NOx; Note: R = indicates alkyl group, 
aryl group; PAN = peroxyacetylnitrate 
 

As shown in the figure, when NO2 is oxidized photo chemically to nitrogen monoxide (NO), 

oxygen atoms are released which then reacts in a very fast reaction with molecules of oxygen 

(O2) thus forming ozone (O3). The reaction happens only under the influence of ultraviolet light 

from the sun and thus ozone formation through this reaction only occurs at day time. The net 

reaction can be stated as: 
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                 J Eqn     (1.1) 

O3 can be reduced by NO: 

           k Eqn      (1.2) 

When steady state is reached, the rate of O3 production balances the rate of O3 destruction and 

thus equilibrium concentration of ozone can be derived: 

           Eqn     (1.3) 

 

where J and k are rate constants for ozone formation and ozone destruction respectively. 

 In a clean environment with, only nitrogen oxides and air, equilibrium of generation and 

decomposition reactions is usually reached when O3 concentration is around 10 to 20 ppbv. If 

there are VOCs however, VOC molecules react with O, O3 and •OH in the photo-oxidation 

process and would produce oxide radicals (RO) and peroxide radicals (HO2, RO2, RCO3), which in 

turn are involve in reproducing NO2 from NO. In this way, VOCs indirectly affect the 

tropospheric ozone formation.  

Since VOCs can undergo a variety of photochemical oxidation process, assessment of impacts of 

VOCs to ozone formation can be very complicated. Assessing the complex chemistry of 

atmospheric VOCs in addition to some actual studies indicates that ozone formation is 

influenced by the VOC/NOx ratio (Finlayson-Pitts and Pitts, 1997; Wu et al., 2009)  and with 

some factors like temperature and humidity (Aneja et al., 2000) and wind speed (Banta et al., 

2011). 

 

1.4.2 Estimation of ozone formation 

As mentioned, the relationship between O3, NOx and VOC is rather complex. However 

knowledge and information regarding the controlling factors in the tropospheric ozone 

formation are important in understanding regional photochemistry and consequently for 

applying cost effective control strategies. Photochemical ozone formation depends on the 

relative abundances of both VOC and NOx. Van Langenhove (2010), for instance, described a 

specific instance when reducing NO2 without simultaneous reduction in VOCs can actually lead 

to increased O3 levels. In addition, differences in individual VOC reactivity should also be 

considered because it also affects the O3 formation.  Therefore assessing O3 formation sensitivity 

based only on the VOC/NOx ratio may not be sufficient and maybe misleading (Elshorbany et al., 

2009).   

Most VOC control techniques are traditionally based on reduction of the total mass of organic 

compounds, without considering the individual reactivity and characteristics of each VOC. 

However individual VOCs can behave differently in the atmosphere owing to the difference in 

structure and reactivity, and thus have differing ozone formation potentials. To quantify the 

relative significance of different VOCs in producing ozone, the concept of reactivity scale was 

NO   +   O3  → NO2   +   O2 

 

 
 
 NOk

NOJ
O 2

3 

NO2   +   O2   +   h.v    → NO   +   O3 
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introduced. The incremental reactivity (IR) pertains to the change in ozone formation per unit 

amount of compound added (Carter, 1994; Russell et al., 1995; Singla et al., 2012).  
 

Some of the  reactivity scales currently used to estimate hydrocarbon reactivity towards ozone 

formation include (i)  the maximum incremental reactivity (MIR) scale developed by Carter 

(Carter, 1994) and (ii) photochemical ozone creation potential, (POCP) developed by  Derwent 

(Derwent et al., 1996).  

 

1.4.2.1 Photochemical ozone creation potential (POCP) 

POCP is an incremental reactivity technique developed by using a photochemical trajectory 

model. Compared to the MIR scale, it examines ozone formation under a more realistic Western 

European conditions over longer timescales. POCP considers transport effects and spatial 

variations in NOx emissions by expressing ozone reactivity relative to some reference VOC 

species. In the technique presented by (Derwent et al., 1996), ethylene was used as reference. A 

value for photochemical ozone creation potential POCP index for each VOC species, i, can be 

calculated using the formula: 

 
 

                 Eqn (1.4) 

 

where Mean O3 base case refers to the mean ozone mixing ratio along the 5-day trajectory in 

the base case, Mean O3i with an additional 2.9% by mass of the ith VOC species and Mean 

O3ethylene refers to that with the same mass of ethylene. Ethylene was used as a benchmark 

for the POCP scale because of its well defined degradation pathways, low molecular mass and 

because it is a relatively important precursor of photochemical ozone with medium reactivity 

towards hydroxyl. It is also one of the most important ozone forming VOC species in northwest 

Europe (Xiao and Zhu, 2003; Derwent et al., 2007). An updated listing of POCP values for 178 

organic compounds determined for European multi-day conditions was presented by Derwent 

et al. (2007). 

Xiao and Zhu (2003) mentioned that many studies has shown that the POCP is usually a relative 

value because it is usually derived under a special condition and thus can vary systematically 

with VOC/NOx ratios, TVOC components, and time scale used. The POCP reactivity then is best 

suited under the north-western European conditions assumed in its derivation (Elshorbany et 

al., 2009). 

 

1.4.2.2 Maximum incremental reactivity (MIR) 

MIR scale was developed by (Carter, 1994) using a photochemical box model. Incremental ozone 

reactivity scales were calculated using (i) VOC mixing ratios which were averages of ambient 

measurements from 39 cities in the USA and (ii) NOx  mixing ratios which were adjusted to the 

level that produced the highest incremental reactivity at the end of 10 hour simulation (Carter, 

100
33

33
x
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1994; Hakami et al., 2004; Butler et al., 2011). This is shown in the following equation described 

by Russell et al. (1995): 

 
                            Eqn (1.5) 
  

 

Based on the equation, MIR for individual VOCs are defined as the maximum sensitivity of the 

peak ozone concentration O3 to a small increase in the initial conditions and emissions of VOC 

(Ei in equation). The MIRs are found for the input ratio of VOC to NOx that leads to maximum 

sensitivity to VOCs (Russell et al., 1995). Hakami et al. (2004) suggest that MIR conditions are 

descriptive of  VOC-limited urban air masses, due to its  of low VOC-to-NOx ratios and is of 

practical significance since they represent areas of dense human population.  

Another reactivity scale, also developed by Carter (1994) is the maximum ozone incremental 

reactivity (MOIR), which is estimated by adjusting the NOx to the level that produces maximum 

ozone concentration for a given VOC mixing ratio. This MOIR conditions on the other hand 

represents a high VOC/NOx ratio that is typical for aged urban mass (Hakami et al., 2004; Butler 

et al., 2008). 

MIR is widely used in the assessment of ozone formation potential from various VOC 

compounds (Hung-Lung et al., 2007; Barletta et al., 2008). Its application in the mixed 

environment was verified by Czader et al. (2008) in their study of VOC reactivity in the Houston-

Galveston area in the US. They noted that while there are some places where estimated MIR has 

lower values than actual reactivity, the comparison of calculated values for the Houston-

Galveston conditions with more general MIR scale showed that there was a good agreement for 

most of the VOC species (Czader et al., 2008). 

  

1.5 Source apportionment and identification 

1.5.1 Diagnostic ratios and correlation analysis 

Ratios of concentrations of aromatic compounds have been utilized in many studies for the 

purpose of identification of emission sources or by assessing photochemical age of an air mass 

(Nelson and Quigley, 1983; Brocco et al., 1997; Khoder, 2007).  All these studies used specific 

ranges of diagnostic ratios that were usually based on past studies. Diagnostic ratios were then 

use to identify the source of VOCs in ambient air on the basis of the proximity of the samples 

ratio to the characteristic range of a particular diagnostic ratio.  

Benzene-to-toluene concentration ratio (B/T) is a common diagnostic ratio utilized in source 

identification. Miller et al. (2011) mentioned that reported B/T ratio from recent studies ranges 

from 0.3 to 0.7 with variations attributed to differences in vehicle type and composition. Gee 

and Sollars (1998) on the other hand mentioned a range of 0.25 to 0.5 as a common B/T ratio 

associated with traffic emissions but pointed out that B/T ratio from the samples in Manila and 

Bangkok were much lower at 0.1 due to high toluene content of the fuel. Recent study in the 

urban roadside in Hongkong showed that B/T ratio can be as low as 0.1 (Liu et al., 2008a). This 

shows that B/T ratio can be site specific and depend much on the nature of the source. Source 
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characterization however can still be done as long as the characteristic ratio of the target 

sources is known.  

Aside from B/T, xylene-to-benzene ratio concentration (X/B) (Barletta et al., 2005; Hoque et al., 

2008; Buczynska et al., 2009)  and xylene-to-ethylbenzene (X/EB) (Nelson and Quigley, 1983; 

Tiwari et al., 2010) have also been utilized. Use of new diagnostic ratio like VOC/Benzene 

(VOC/Bz) ratio was also explored by Hoshi et al. (2008) in identifying sources in Tokyo. They 

found that VOC/Bz ratio can be used in estimating non-registered VOCs such as butane and 

isopentane and suggested the possibility of estimating emission sources using VOC/Bz ratios 

from environmental monitoring data. 

Correlation analysis is also a useful tool for source identification and can be used to strengthen 

evaluations offered by diagnostic ratios.  A good correlation between atmospheric pollutant 

concentrations usually indicate common sources and provide additional information of any 

relationships between pollutants (Morawska et al., 1998; Wang et al., 2002).  

Differences between industrial and urban sources were also identified using correlation analysis. 

For instance Tiwari et al. (2010) noted that good correlations between aromatic species were 

found in the areas dominated by traffic emissions while industrial areas are characterized by 

poor correlation. The same observation was also reported by Dollard et al. (2007) who used 

correlation analysis  to identify VOC sources in the United Kingdom. They also found high 

correlations in areas where traffic was the dominant source and poor correlations were noted in 

the vicinity of industrial sites. Low correlations associated with multiple emissions were also 

noted by Chan et al. (2002) and (Barletta et al., 2008).  

 

1.5.2 Receptor Models 

As discussed in the last section, diagnostic ratios and correlation are useful tools in identifying 

emission sources. However, these methods are rather limited since they cannot be used when 

there are more than two plausible sources (Zalel et al., 2008). However,  identification of all 

possible sources is vital in  planning  and implementing of effective air emission control 

strategies and for assessing the impacts on human health (Sanchez et al., 2008). In this case, 

source receptor models can be utilized in the source apportionment of VOCs in the ambient in 

cases of multiple sources (Hopke, 1991).  

Source receptor models such as Chemical Mass Balance (CMB (Srivastava, 2004; Liu et al., 

2008b)), Positive Matrix Factorization (PMF;(Lau et al., 2010; Guo, 2011) ), Principal Component 

Analysis/Absolute Principal Component Scores (PCA/APCS; (Sanchez et al., 2008))have been 

used in a wide range of studies. However receptor models have more demanding requirements. 

For example, CMB requires specifications of the complete emission inventory of a region, which 

may not be always available. The PMF and PCA require sampling of a large number of VOC 

variables with small uncertainties (Zalel et al., 2008). 
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1.6 VOCs in the Philippines 

The Philippines is one of the most urbanized countries in Southeast Asia, second only to 

Singapore. It has the sixth highest urbanization rate in the whole Asia. Annual population growth 

rate in the urban areas is 5.4%, which translates to approximately 2.5 million persons per year. 

Industrialization has also increased rapidly with a collective annual growth rate of 3.2% for 

manufacturing, trade, construction, and energy generation between 1988 and 2002. Number of 

vehicles has also been increasing at an annual rate of about 5 to 6% per year. The rapid 

industrialization, which occurs  mostly in urban areas, has caused increased burden to  natural 

resources, brought detrimental effects to the environment and increased air pollution (ADB, 

2006).   

 

1.6.1 Sources of VOCs in the Philippines 

There appears very little source on published inventories of VOCs in the Philippines. Two 

published estimates for VOC emissions in Manila vary a great extent from each other. One 

estimate for mobile sources for 2005 was reported to be 256 kilo tons per year (ADB, 2006)  

while another estimate for the year 2002 was even higher at 1,872 kilo tons (Krupnick et al., 

2003). The estimated contribution of mobile sources was about 60% which are primarily from 

gasoline vehicles.  

 

                     

Figure 1.4  Registered motor vehicles in the Philippines, (1990–2010) Data Source: Land 
Transportation Office 2011(LTO, 2011) 

 

                      

Figure 1.5 % Share of vehicle types in the overall fleet in the Philippines, 2010; MC/TC = 
motorcycle/tricycle; UV = utility vehicle; SUV= Sports Utility Vehicle % = percent ; Data source: Land 
Transportation Office 2011 (LTO, 2011) 
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Diesel vehicles makes up approximately one-third of the total number of vehicles, with another 

third being gasoline autos, and the rest gasoline utility vehicles and gasoline-oil motorcycles.  

 

1.6.2 Regulations and monitoring 

As discussed earlier, VOC has been a major concern in developing countries like the Philippines 

because of its impact in tropospheric ozone formation along with other effects. The formulation 

of effective strategies for controlling VOCs requires quantifying the ambient concentrations and 

the identification of emission sources. However, efforts to improve air quality are currently 

focused only on criteria pollutants like Total Suspended Particles (TSP) and Particulate Matter 

(PM). The increasing number of vehicles, the majority of which are gasoline fuelled vehicles, and 

the limited use of catalytic converters on gasoline vehicles suggest that VOC levels may be high. 

In addition the high olefin content of petrol (35%)  is likely to produce significant exhaust 

emissions of 1,3-butadiene and even other hazardous pollutants like polycyclic aromatic 

hydrocarbons ( PAHs) (Krupnick et al., 2003; ADB, 2006).  

The consensus that PM constitutes the main pollution and health risk problem in Manila leads to 

downplaying of other pollutants like ozone. The decision to downplay the ozone implies a lesser 

interest in reducing VOC emissions (from gasoline vehicles primarily), CO emissions (from all 

mobile sources), and NOx emissions (from both diesel and gasoline vehicles). However, the 

number of vehicles is increasing at rapid rate specially the gasoline fuelled vehicles which are 

the main source of VOCs. While ozone has been reported to be generally within the guidelines 

provided WHO (Krupnick et al., 2003), the levels was based only on one ambient monitoring site 

in Manila (a private scientific institution), which may not be representative of the whole area. 

Nevertheless the reported maximum O3 concentrations also shows that 7 of the 8 maximum 

readings exceed the national guideline for 1 hour ozone exposure of 140 µg/m3 during an 8 

month monitoring from September 2001 to April 2002. A 2004 World Bank report on Philippine 

air quality noted that  ambient concentrations of ozone and nitrogen oxides are on the rise, 

mostly due to a rapid increase in the number of motor vehicles (WB, 2004). 

 

1.7 VOC analysis 

Analysis and quantification of VOCs are important to have a better insight on the occurrence, 

fate and behavior of VOC in all fields of interest.  However, considering the complexity of the 

environmental air matrix and the usually low concentration of VOCs, from ppbv down to pptv, 

accurate and precise determination of  VOC levels in air require the most efficient and sensitive 

sampling, pre-concentration and analysis techniques (Demeestere et al., 2007; Ramírez et al., 

2010). 

Ambient VOCs are commonly monitored by on line, or indirectly after sampling (Palluau et al., 

2007; Talapatra A., 2011). There is a broad range of methods for VOC analysis and quantification 

but basically all the methods vary from each other according to the sampling technique, type of 

sorbent, method of extraction or preparation  and identification technique (Kumar and Víden, 

2007). 
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Selection of the right method or combination of methods may depend on the  study design, the 

compounds of interest, expected concentration range, required sensitivity, accuracy and 

precision, selectivity, presence of interferences, type of sampling and analytical methods 

available, power requirements, portability and cost (Demeestere et al., 2007; Ras et al., 2009). 

 

1.7.1 Sampling  

The most common techniques used to sample VOCs in air are (a) whole air collection in special 

containers   (b) collection onto solid adsorbents and (c) continuous sampling and on-line analysis 

(Demeestere et al., 2007; Palluau et al., 2007; Woolfenden, 2010b). Figure 1.6 illustrates some 

of the techniques for VOC sampling.   

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 1.6 Examples of different sampling techniques and schematic overview of the two-stage 
thermal desorption process for sorbent-based air sampling (Woolfenden, 2010b) 

 

Collecting air samples in a container is the simplest way to collect VOC samples. The samples are 

usually analyzed later using GC, by direct injection or, more frequently, in combination with a 

pre-concentration step. Plastics bags (e.g., Tedlar, Teflon or aluminized Tedlar) and metal 

canisters are the usual containers used. Sample collection in container can also be done with 

sub atmospheric pressure (passive) or pressurized with a pump (active). The active method 

allows the sample to be pressurized and the collection of larger sample volumes and not limited 

by container volume (Ras et al., 2009).  

Sorbent adsorption is a technique often used to combine pre-concentration with sampling 

(active or passive). The VOC portion of the air sample can be selectively collected by trapping it 

using solid-phase extraction (SPE), through adsorption or reaction of the VOCs with a solid 

substrate (Harper, 2000; Ras et al., 2009). The use of sorbent tubes is now becoming more 

popular as they allow a much wider range of compounds to be analyzed. In addition,  they also 

provide greater sample stability as polar compounds are prone to adsorption onto the canister 

walls (Watson et al., 2011). There are two main sorbent enrichment techniques that are used: 

active and passive (or diffusive) (Walgraeve et al., 2011).  
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 Continuous sampling and on-line analysis is usually used for  kinetic studies, ambient air 

monitoring  and for regulation compliance for monitoring of some compounds like, C2 to C10 

hydrocarbon ozone precursors, odorous sulfur compounds and some known potent greenhouse 

gases like perfluorinated compounds (Watson et al., 2011).   

 

1.7.2 Sample preparation 

Different methods for sample preparation has been discussed in detail by Demeestere et al. 

(2007). They identified some of the different sample preparation (extraction and pre-

concentration) techniques which includes cryogenic sample pre-concentration, solvent 

extraction, immobilized sorbent enrichment combined with thermal desorption (TD), solid 

phase-micro extraction based techniques (SPME), and  membrane extraction.  

This study utilized the immobilized sorbent enrichment as pre-concentration coupled with TD. 

For TD, available sorbents include Tenax TA, chromosorb 106, graphitized carbon and multibed 

tubes (Harper, 2000). TD is probably the best for low concentration of analytes and it is 

frequently combined with GC and offers the advantage of lower limit of detections (LODs). This 

is because (i) the sample can be completely transferred to the chromatographic column if 

required, and (ii) it avoids the presence of a solvent peaks which can mask analyte peaks (Ras et 

al., 2009). TD process can also be automated either for  online, or for the sequential analysis of 

canisters/ bags via sorbent traps or the automated desorption of sorbent tubes (Woolfenden, 

2010b).  

 

1.7.3 Analysis techniques 

The most widely used tool for detecting and quantifying gaseous VOCs is gas chromatography-

mass spectrometry, or GC-MS. This technique has been in use for many years and is capable of 

achieving sensitivities as low as 0.1 pptv. Other detection techniques that can be coupled with 

gas chromatography include mass spectrometry (MS), flame ionization detection (FID) or 

electron capture detection (ECD) (Demeestere et al., 2007; Blake et al., 2009). 

 

Another technique usually used for immediate and online measurement of VOCs is Proton 

Transfer Reaction Mass Spectrometry (PTR-MS). This technique has been used for the detection 

of a wider spectrum of VOCs in air.  In the PTR-MS instrument, ambient air is continuously 

pumped through a drift tube reactor and the VOCs in the sample are ionized in proton transfer 

reactions with hydronium ions (H3O+) (Blake et al., 2009; Toscano et al., 2011).  

 

1.7.4 Sorbent enrichment: Active sampling 

Active sampling consists of pulling a defined volume of air through a bed of sorbent(s) in a tube 

where the analytes are retained (Ras et al., 2009; Woolfenden, 2010b). Short term and long 

term samples can be collected on adsorbents packed in appropriate tube with the use of 

sampling pump. Sampling pump should be calibrated and should follow well established 

standards. Active sampling is most commonly used for personal exposure monitoring because 
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all of the equipments required while sampling can be worn by the worker (Kumar and Víden, 

2007). 

The broad range of number of organic species and variability in concentration of pollutants in 

ambient air makes analysis difficult. Appropriate choice of sorbent or a good combination of 

different sorbents may allow the determination of a wide range of target compounds in air 

samples as well as achieve high breakthrough volumes (Demeestere et al., 2007; Gallego et al., 

2010). Some of the main types of sorbents used in air monitoring Types of sorbent materials 

available commercially are porous organic polymers like Tenax (porous polymer of 2,6-diphenyl-

p-phenylene oxide), carbon molecular sieves, graphitized carbon blacks, and activated charcoal. 

The choice of sorbent(s) mainly considers the volatility of the VOC concerned (Watson et al., 

2011).  Table 1.1 shows some typical sorbents and their applicable analyte volatility range. 

Detailed discussion about appropriate sorbent selection and combination is discussed by  

Woolfenden (2010a). 

 

Table 1.1 Popular sorbents and their respective volatility ranges (Watson et al., 2011)  
 

Sorbent name               Volatility range 

Quartz wool/silica beads            C30–C40 
Tenax TA            C7–C30 
Carbograph 2TD            C8–C20 
Carbograph 1TD            C5/6–C14 
Carbograph 5TD            C3/4–C8 
Carboxen 1003             C2–C5 
Carbosieve SIII            C2–C5 

 

Physical and chemical characteristics of the VOC studied are not the only considerations when 

choosing the sorbent, but also on sampling conditions such as the meteorological conditions, 

time of sampling and sample volume. Combination of several adsorbents may result in better 

performances. Consequently, if the analysis of the air sample would be done exhaustively, 

adsorbents that assure a more complete collection with negligible loss of sample would be 

needed (Gallego et al., 2010). In this regard, recent studies tend to use multiple-bed sorbent 

cartridges which provide high breakthrough volumes and the quantitative retention and 

desorption of VOCs over a wide volatility range (Ramírez et al., 2010). Figure illustrates a multi-

sorbent sampling tube for VOC sampling. 
 

 

 

 

 

 

 

 

 

 

 

Figure 1.7 Multi-sorbent tube for dynamic sampling of volatile organic compounds(Ras et al., 2009) 
 

Another advantage of using multiple sorbent is its higher breakthrough volume (BTV). The BTV 

describes the retention capacity of the adsorbent and is defined as the maximum air volume 



CHAPTER ONE: LITERATURE REVIEW 

18 
 

that can be sampled using a trap made with a given quantity of adsorbent, before a compound 

exits the trap (Do, 2009). Typical volumetric flow rate of air for active sampling ranges from 20–

200 ml/min flow rate (optimum is 50 ml/min). Lower limits of flow rate are typically around 10 

ml/min (Woolfenden, 2010b). Factors limiting flow rate selection includes (i) analyte diffusion 

may occur at a rate equivalent to the air flow of approximately 1 ml/min; (ii) analyte diffusion 

introduces significant errors when using pump flow rates smaller than 10 ml/min; (iii) at high 

flowrates, there is a significant risk of component exceeding the BTV (Kumar and Víden, 2007). 

Information of BTV values gives estimate of the maximum sampling volume that ensures a 

quantitative sampling of a compound using a certain adsorbent at a specific temperature. List of 

BTVs are usually provided specially for commercial adsorbents (Markes-International, 2006).  

Finally, other important factors should be considered when choosing adsorbent. These include: 

reactivity and artifact formation; water sorption interferences and ozone, storage stability and 

blank build up. Ozone interferences can result in significant analyte loss especially for reactive, 

unsaturated compounds. The vulnerability to ozone interference is influenced by the type of   

adsorbent used for sampling as in the case of Tenax. No significant ozone interferences however 

has been observed for carbon-based adsorbents (Carbotrap B, Carbotrap C and Carbosieve SIII). 

Activated carbon is known to be affected by moisture and thus moisture traps should be used 

when activated carbon is used as sorbent material (Demeestere et al., 2007; Ras et al., 2009).  

 

1.6 Objectives of the Study 

Based on the information discussed on the relevant literature, the scope and definition of this study 

are formulated. 

The study aims to provide new information and data on the concentrations of the most concerned 

VOCs in outdoor  and indoor  VOCs in an urban and industrial areas in the Philippines by means of (i) 

sorbent sampling using adsorbent tubes filled with Tenax TA and utilizing the active sampling 

technique (ii) TD-GC-MS analysis with the IS calibration.  

 Specifically the study aims to:  

i. To assess and make a comparison on the indoor and ambient level of VOCs in the Urban and 

Industrial environment ; 

ii. To evaluate and search for similarities in VOC profiles of the two environments and compare 

with other studies from the literature; 

iii. To utilize diagnostic ratios and statistical approaches in source identification of VOCs and 

assess the effectiveness and applicability of such tools; 

iv. To estimate the ozone formation potential   of the measured VOCs in the outdoor sites of 

industrial and urban areas; 

v. To draw meaningful discussion regarding the status and extent of effects of VOCs on air 

quality in the ambient and indoor environment of urban and industrial areas in the 

Philippines.  
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CHAPTER TWO: MATERIALS AND METHODS 

2.1 Preparation of sampling materials  

2.1.1 Tenax TA sampling tubes (description). 

Tenax TA sampling tubes (outer diameter 1/4-inch; length 3.5-inch; 200mg Tenax TA adsorbent ; 

Markes, Llanstrisant, UK )  were used. The adsorbent Tenax TA is a porous polymer resin based 

on 2,6-diphenylene oxide and is widely used in the determination of VOC's from air and liquids. 

Tenax is especially applicable in trapping volatile organics from high moisture content samples 

because it has low affinity with water. Among the other properties provided for Tenax TA 

include:  temperature limit: 350 °C; specific surface area: 35 m2/g; pore volume: 2.4 cm3/g; 

average pore size: 200 nm and density 0.25 g/ cm3. It is usually used in conjunction with the 

Short Path Thermal Desorption System (SIS, 2011). To ensure adequate seal, the tubes were 

provided with brass closure caps, with white Teflon ferrules (Alltech SF-400T).  

 

2.1.2 Conditioning of sampling tubes 

Thermal conditioning of sampling tubes was done to remove any residual contaminants. The 

tubes were conditioned by heating in an oven (Carlo Erba Instruments, MFC 500) for 1h at 300°C  

while  helium was allowed to pass through the tubes  at flow rate  of 22-34  ml/min to ensure no 

oxygen enter the adsorbent material. Adequate flow rate of helium (around 50 ml/min) was 

assured by an attached rotameter. 

 

2.1.3 Pump calibration 

Active sampling was used for all the samples collected from the urban and industrial sampling 

sites. For this technique, GILAIR-3 air sampling pump (Gilian R, USA) was utilized. The pump was 

calibrated 20 times before and after the sampling campaigns to check the consistency of the 

flow rate. The pump was calibrated to the target volume of 100 ml/min. The air volumetric flow 

rate was determined using a soap-bubble meter.  

 

2.2 Sampling campaigns 

Urban and industrial ambient air samples were collected from different places in the Philippines 

between August and September 2011. For the urban environment, three representative 

indoor/outdoor sites were sampled: (i) the indoor environment of a residential house (ii) an 

outdoor site in a heavy traffic roadside, and (iii) an outdoor site in a park. For industrial 

environment, three representative indoor/outdoor sites were also sampled: i) the indoor 

environment of a residential house, (ii) an outdoor site in an industrial zone near a painting 

plant (Calamba, Laguna),  (iii) an outdoor site in an industrial zone and near a printing press 

(Binan, Laguna).  For each site, samples were collected for three days, twice a day at morning ( 7 

am to 10 am) and afternoon ( 4 pm to 6 pm ). Sampling duration was for 30 minutes at pump 

flow rate of 100 ml/min.  Some samples were collected intermittently due to unexpected bad 

weather and storm.  
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Table 2.1 summarizes the locations of the sampling sites and the sampling schedule. An 

overview of the sampling locations is shown in Figure 2.1. 

Table 2.1 Sampling sites description and date of sampling for different sampling sites 

Sampling Sites 
Description of the Sampling 

Sites 
Date  

Coordinates 

Urban 
Environment 

House Indoor 
Sample 

Two story house about 250 meters away 
from the roadside in Pasay City Manila 

25/8/2011 
26/8/2011 
3/9/2011 

14⁰32'09.69" N 121⁰00'09.57" E 

Roadside 
sample 

Busy road  MRT train station in EDSA Pasay 
City Manila 

25/8/2011 
26/8/2011 (am) 
1/9/2011 (pm) 

3/9/2011 

14⁰32'15.07" N 121⁰00'03.07" E 

Park Sample 
Rizal park, the largest urban park in Manila 

about 6 km from roadside sampling site 

25/8/2011 
26/8/2011 
3/9/2011 

14⁰35'03.50" N 120⁰58'51.91" E 

Industrial 
sites 

House Indoor 
Sample 

Two story house located in industrial 
location 1,  

10/9/2011 
12/9/2011 
13/9/2011 

14⁰11'34.61" N 121⁰09'23.44" E 

Location 1  
Located in in Calamba, Laguna just at the 
outskirts of an industrial zone (LISP2) and 

near a painting plant. 

9/9/2011 (am) 
10/9/2011(pm) 

12/9/2011 
13/9/2011 

14⁰11'38.89" N 121⁰09'33.37" E 

Location 2  

About 14 kms away from Location 1. 
Located  in Binan Laguna just north of 

another industrial park in Laguna (LIIP) and 
near a printing press. 

14/9/2011 
15/9/2011 
16/9/2011 

 

14⁰17'51.07" N 121⁰04'45.77" E 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1. Overview of the urban and industrial sampling locations  in the Philippines (1): first 

industrial  sampling site(2): second industrial sampling site (3): urban roadside (4) urban park 

(Google map 2012) 

 

SAMPLING SITES 
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2.2.1 Urban environment 

 Manila was chosen as the study area for urban environment. The detailed locations of three 

sampling sites are shown in Figure 2.2. 

 

 

 

 

 

 

 

Fig.2.2. Location of sites for the urban environment ( Manila, Philippines) denoted by (1): Rizal Park, 
(2): Pasay City Roadside, and (3): Urban House Indoor (Google map 2012). 
 

2.2.1.1 Urban roadside: EDSA MRT in Pasay City Metro Manila 

The location serves as intersection point of vehicles coming from four different routes. It is also 

the intersection of the two train lines in Manila, the Manila Rail Transit (MRT) and Light Rail 

Transit (LRT). Most of the passing vehicles consist of diesel powered vehicles such as passenger 

utility jeepneys, buses and trucks and gasoline powered such as cars and motorcycles. West of 

the site is the Manila bay where sea breeze usually blows from. There are also bus stations in 

the vicinity. The streets and sidewalks are frequently busy with vendors and pedestrians.  

 

 

 

 

 

 

Fig. 2.3. Urban roadside sampling site (EDSA MRT, Pasay City , Metro Manila Philippines) 

 

2.2.1.2 Urban park: Rizal Park 

Rizal park, the largest urban park in the country, situated north of Roxas Boulevard, is one of the 

major tourist attractions of Manila. The east of the park is bounded by Taft Avenue, Padre 

Burgos Drive and T.M. Kalaw Avenue. To the west is the reclaimed area of the park bounded by 

the shore of Manila bay.  The area is mostly planted with greeneries. The adjacent busy street of 



CHAPTER TWO: MATERIALS AND METHODS 

22 
 

Taft Avenue and Roxas blvd however may contribute in a certain extent to the air quality in the 

park but the sampling location was chosen in an area far from the busy streets. 

 

 

 

 

 

 

 

Fig. 2.4 Rizal Park , City of  Manila Philippines, taken during sampling campaign 

 

2.2.1.3  Urban indoor : house  

The house is typical for that of the urban environment in Manila where spaces are limited and 

the residential areas are congested and crowded. The second floor, where the samples were 

collected, has natural ventilation. The family of four persons mostly stays in this 20 square 

meters area which is used as their bedroom and living room. The first floor of the house served 

as their kitchen. 

 

 

 

 

 

 
 
 
 
 
Fig. 2.5 Indoor sampling, Pasay City Metro Manila Philippines.  Left Side : indoor air sampling at the 
second floor of the house; Right side : outside environment of the sampling point 
 
2.2.2 Industrial environment 

Two locations in the province of Laguna, Philippines (about 60 km from Manila) were chosen as 

sampling sites for industrial environment as seen in Fig 2.6. The sites were chosen to represent 

the typical industrial zones present in most of sub-urban provinces in the Philippines. Most of 

the new manufacturing industries are situated in industrial zones in the provinces (non 
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urbanized area) where there are more spaces. This is promoted by the Philippine government 

to decongest highly urbanized areas and bring more jobs to the provinces.   

 

 

 

 

 

 

Fig. 2.6. Location of Industrial sites denoted by (1): First Industrial sampling site, (2): Indoor sampling 
site, and (3) Second industrial sampling (Google map 2012). 
 
2.2.2.1 Industrial Location 1:Calamba Laguna, Philippines  

Location 1 is situated in the city of Calamba, Laguna province where several industrial zones are 

located. The location was chosen because it is on the outskirts of one of the industrial zones 

and as such is situated near residential and public places like school and city hall. The sampling 

site is situated about 90 meters away from a factory that manufactures galvanized and painted 

roofs made from steel sheets. The company uses vast amount of paints and paint thinners and 

thus have encountered many complaints from the nearby residents. As there are no solid 

regulations in the Philippines about VOCs or odor emissions, the company operated without 

any solvent recovery facility in the past but due to frequent number of complaints they have 

recently installed solvent capturing units designed to capture and adsorbed the released VOCs. 

The scrubbed air is released via two stacks which are about 8 meters high.  

 

 

 

 

 

 

 

 
Fig. 2.7 Industrial location 1 (Calamba, Laguna, Philippines). Left :views from the sampling point,  
Right: aerial view of the vicinity of the sampling site 

Residential Areas: 

Industrial Indoor 

Manufacturing plant 

Sampling 

Location 1 

Pharmaceutical lab 

Galvanizing plant 
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2.2.2.2 Industrial Location 2: Binan, Laguna, Philippines  

Industrial Location 2 is situated in Binan, and just north of one of the industrial zones in Laguna 

Philippines i.e., Laguna International Industrial Park, (LIIP). This industrial zone is about 117 

hectares of land area. Most of the locators are manufacturing facilities for electronics and 

semiconductor products. Other industries include transport car parts, chemical products, 

garments rubber and plastics among others. The sampling site is about 90 meters from a 

printing plant which is behind the front office building. The printing facility is 10-hectare 

printing complex. It is the largest printing complex in the country which includes printing 

newspapers and magazines, digital pre-press and printing related enterprise such as ink 

manufacturing.  

 

 

 

 

 

Figure 2.8 Industrial location 2 (Binan, Laguna, Philippines). Left: View from the sampling point, 
Right: Aerial view of the vicinity of the sampling sites 

2.2.2.3 Industrial indoor: house (residential) 

The indoor sample for the industrial environment was collected from the second floor of a two 

story house about 350 meters away from the first industrial sampling point. It is within the 

vicinity of some manufacturing plants, i.e., 260 meters south west of painting and 250 meters 

away from a pharmaceutical company. The house is around 15 years old and is a typical house 

structure. The sampling point is a bedroom located in the second floor which is about 10 square 

meters with natural ventilation. The house is adjacent to other houses as the builders and 

developers designed it as apartment style. It is located at the edge of the residential complex 

and near a river and entrance of the subdivision.  

 

 

 

 

 

 
Figure 3.9 Indoor sampling (Calamba, Laguna Philippines), Left: View from the sampling point, Right: 
Aerial view of the vicinity of the sampling site 
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2.3 Sampling methodology  

Active sampling was utilized for this study. The sampling was done using a portable pump 

sampler.  

For outdoor sampling, the tubes were kept at approximately 1.5 meters from the ground to 

approximate the common breathing level of people. In roadside environment, sampling was 

carried out at approximately 10 meters away from the traffic lanes to avoid the mixing zone.   

For indoor sampling, the sampled tubes were placed at approximately 0.6 meter above the floor 

and below the ceiling, away from windows, doors, at least 0.5 meter away from bookshelves (Jia 

et al., 2008). 

2.4 Analysis and quantification of Tenax TA sampling tubes 

2.4.1 Loading with internal standard 

Loading of internal standard was done for quantification purposes and also to account for the 

detector instabilities. The Tenax TA tubes were loaded with Ethylbenzene-d10 

([2H10]ethylbenzene; 98 % 2H; Sigma-Aldrich, 2010) after the sampling campaign and prior to 

tube analysis.  

Stock solution containing 217.22 ng/μl of ethylbenzene-d10 (EB-d10) was prepared by dissolving 

25μl of ethylbenzene -d10 in 100ml methanol. The prepared stock solution was stored in the 

dark at temperature of -18°C. 

 

2.4.1.1 Preparation of closed two phase system 

Preparation of gaseous standards was done by using a closed two-phase system (CTS) as 

described by Dewulf et al. (1996).  

In preparing EB-d10 standard, 20 μL of stock solution was added to 20 mL of  

deionised water (injected under the water surface) that is previously placed in a 119.8 mL glass 

bottle. After the addition of the IS, the bottles were immediately sealed by Mininert valve 

(Alltech, Lokeren, Belgium) to minimize losses. The bottles were then wrapped with aluminum 

foil to avoid photodecomposition of the IS and incubated in a thermostatic water bath which 

was maintained at 25.0 ± 0.2 °C  for at least 12 hours .  

Henry´s constant for ethylbenzene-d10 was experimentally determined by Mturi (2010) using 

Equilibrium Partitioning in Closed Systems (EPICS) procedure as described by (Gossett, 1987).  

 

Since that the values for mass of EB-d10, volume of the water and gas, and Henry´s law constant 

at the given temperature (25°C) are known, headspace concentration at equilibrium can be 

calculated using mass balance in the closed two-phase system (Dewulf et al., 1996).  

The closed two-phase mass balance gives : 

           Eqn (2.1) airairwaterwaterairwatertotal VCVCmmm ** 
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The Henry´s law constant can be expressed as:  
 
           Eqn (2.2) 

 
Combining the two equations will give: 
 
                                                                                                                                                         Eqn (2.3) 
 
Where: 

Cair is the concentration of EB-d10 at the gaseous space,   

Cwater is the concentration of EB-d10 concentration water phase  

Vair  is the volume of the gaseous phase;  Vwater is the volume of water; H is the Henry’s law 

constant.  

 
Total mass of EB-d10 added to the closed two phase system can be calculated to be  
 
 
 
Henry´s law constant for EB-d10 at 25°C was experimentally determined by Mturi (2010) to be 

equal to 0.22. Given that Vwater = 20 mL; Vair = 99.8 mL, the concentration of EB-d10 in the 

headspace can be calculated as 22.78 ng/mL.  

 
2.4.1.2 Loading of Ethyl-benzene d-10 

Using a 0.5ml gastight Pressure-Lock VICI precision analytical syringe (Series A, Alltech), 0.5 ml 

headspace (corresponding to 11.39 ng) of EB-d10 was taken from the closed two phase system 

and loaded into the sorbent tubes through a customized injection system which was  heated at 

50 °C. The injection system was flushed with helium at a flow rate of 100 ml/min. The helium 

flow was held for 3 minutes after injection to ensure that all of the EB-d10 was transferred to 

the sorbent tubes.  After loading, the tubes were tightly sealed with 1/4 inch brass long-term 

storage end caps, equipped with 1/4 inch one-piece PTFE ferrules.  

 

2.4.2 TD-GC-MS system 

Analysis of VOCs adsorbed in the sampling tubes was carried out using TD-GC-MS 

system(Thermo Desorption- Gas Chromatography- Mass Spectrometry) using the method 

described by Hayleeyesus (2011) and (Do, 2009).  

Masses from m/z 29 to 300 were recorded in full scan mode (200 ms per scan) on a Trace DSQ 

Quadrupole MS (Thermo Finning, Austin, TX, USA), connected  to the GC, and operating at an 

electron impact energy of 70 eV. Chromatograms and mass spectra were processed using 

XCalibur software (Thermo Finnigan, version 1.4).  

 

Identification of the VOC compounds was carried out on the basis of their fragmentation 

patterns and by comparison of their mass spectra with the US National Institute of Science and 

Technology (NIST, Gaithersburg, MD, USA) V2.0 database [NIST/US Environmental Protection 
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Agency (EPA)/US National Institutes of Health (NIH) Mass Spectral Library], and also through 

comparison of the retention times with the standards. 

 

2.4.3 Calibration of the TD-GC-MS 

Calibration of the TD-GC-MS system was carried out prior to analysis. The 67 target VOC 

compounds were included in a set of 83 standard compounds used for the calibration. All the 

standards were purchased from Acros Organics (Geel, Belgium) or at Sigma–Aldrich (Bornem, 

Belgium) with purity of at least 99.8%. Methanol (LC–MS grade, 99.95%, Biosolve, 

Valkenswaard, The Netherlands) was used as a solvent for all standard compounds. No further 

purification of the chemicals was done and thus all the standards were used as provided by the 

supplier.  

Known amount of standards with a known mass of EB-d10 were diluted in methanol to prepare 

a stock solution. The standards were divided into 4 groups to avoid co-elution of compounds 

with almost similar retention times. A volume of 1 μL of the stock solution was then loaded into 

each Tenax TA sampling tubes corresponding to specific loaded mass of the standards (ranges 

from 31.3 ng to 81.2 ng). 

 

The sample response factor (SRF), defined in chromatography as the signal output per unit 

concentration or mass of a substance entering the detector, is calculated as:  

 

                                                                                                                                                            Eqn (2.4) 

  

where, Ai is the peak area and mi is the mass (ng) of substance i on the sorbent tube. Since the 

sensitivity of TD-GC-MS system has been to have low stability, introducing an internal standard 

with which a relative response of the sample can be compared has been shown to improve the 

precision of external calibration (Demeestere et al., 2008). RSRF (relative sample response 

factor) is defined as the ratio of sample response factor of the analyte (SRFa) and that of internal 

standard. In this study, ethylbenzene-d10 was used as the internal standard for the final 

quantification.  

 
 
                                                                                                                                                            Eqn (2.5) 
 
 
Relative sample response factor of the standard compounds in relation to EB-d10 is shown in 

Table 3.2. Take note that these are obtained using a liquid phase mixture of standards. 

However, as shown by Demeestere et al. (2008), relative sample response factors determined 

by the analysis of sorbent tubes loaded with both the analytes and internal standard in  liquid 

phase (RSRFL,L) are shown to be a reliable alternative for quantification of airborne VOCs 

sampled on sorbent tubes first loaded with gaseous internal standard. i.e., RSRFL,L ≈ RSRFG,G .  
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2.4.4 Quantification  

From equation 3.5, it can be seen that if relative sample response factor of an analyte to a 

known internal standard is known, then the mass of the analyte can be determined. Rearranging 

equation 2.5 gives: 

                                                                                                                                                           Eqn (2.6) 

 

The mass of target compound (ma) can thus be calculated since all the other variables are 

known i.e., the mass of internal standard injected in the sample (11.39 ng as calculated in 

section 2.1.4), the peak area of the analyte and the IS, and the RSRFL,L from the calibration of TD-

GC-MS. 

The concentration of the air drawn into the sampling tubes (Ca) can be calculated as:                                                                                                                                                 

                                                      Eqn (2.7) 

 

The concentration of the analyte Ca is determined by dividing the calculated mass of the analyte 

(ma) in the sampling tube by the volume of the air (V) which is the product of the volumetric 

flow rate of the air sampler and the sampling time.   

Limits of detection (LOD) and limits of quantification (LOQ) were defined on the basis of the 

signal to noise ratio (S/N) of the peak of a component in the SIM (Selective ion monitoring) 

chromatogram. Whenever a component was quantified in the blanks, i.e. S/N bigger than 10, a 

blank correction was performed by subtracting the quantified amount of the analyte in the 

blanks from the mass quantified in the sampling tubes.  

 

2.5 Statistical Analysis  

SPSS Statistical software package (IBM Corporation 2011) was used to determine the statistical 

significant difference among the concentration levels and fir the correlation analysis among the 

VOC concentration. Given the number of samples, Shapiro-Wilk test was used to test for 

normality of distribution of samples. When normality of samples could be assumed, 

independent sample t-test was used, otherwise non-parametric Mann-Whitney U test was 

utilized.
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 CHAPTER THREE: RESULTS AND DISCUSSION 

Measurement of volatile organic compounds (VOCs) was carried out in industrial and urban 

areas in the Philippines. Air samples were collected in August and September 2011 and were 

analyzed using TD-GC-MS (see Chapter 3). From the 67 target VOCs, 37 were identified from the 

samples collected in the different areas.  

Results of the VOC identification and quantification analysis are presented in this chapter. First, 

concentration profiles of the different VOCs present in the different sampling sites were brought 

forward. Second, discussion of the typical VOCs detected was presented. Third, total volatile 

organic compounds (TVOCs) and benzene, toluene, ethylbenzene, and xylene (BTEX) levels were 

also discussed. Fourth, indoor to outdoor concentration (I/O) ratio for the TVOCs and for the 

four most prominent groups of VOCs (alkanes, aromatic compounds, oxygenated compounds 

and terpenes) was also determined and evaluated. Next, source identification with the use of 

diagnostic ratios and correlation analysis was also done. Finally, ozone formation potential (OFP) 

of the VOCs in the outdoor environment were estimated using the latest maximum incremental 

reactivity scale (MIR2010) (Carter, 2010) to assess the extent of potential health hazards of VOCs. 

3.1 Results of VOC concentration analysis 

The summary of the measured VOC concentrations are shown in tables 3.1 and 3.2. Actual 

concentration values can be found in Appendix B to D. Undetected target VOCs were not 

included in the tables. These include furan, carbondisulfide, dimethylsulfide, dichloromethane, 

1,1,2 trichlorotrifluoroethane, isobutyraldehyde, chloroform, tetrahydrofuran, 1,2-

dichloroethane, 3-methylbutyraldehyde, 1,2-dichloropropane, hexamethyldisiloxane, n-

propylacetate, trimethoxymethylsilane, 3-methyl-1-butanol, dimethyldisulfide, 1,1,2-

trichloroethane, 1-pentanol, 1,1,1,2-tetrachloroethane, chlorobenzene, 1-bromo-4-

fluorobenzene, 5-methyl-3-heptanone, 2-octanone, 1,3-dichlorobenzene, 1-octanol, 5-

nonanone, linalool, methylbenzoate, 1,2,4-trichlorobenzene, 1,3,5-triisopropylbenzene.  

A summary of percent contribution of the different VOC groups ( (cyclo-)alkanes, aromatic 

hydrocarbons, halogenated compounds, oxygen containing hydrocarbons and terpenes) to 

TVOC is shown in Table 3.1. It can be noted from the table that among the VOCs identified, the 

aromatics has the highest percent contribution in all the sampling sites. (Cyclo-)alkanes 

accounted for the next most abundant group in all sites except for the samples collected in one 

industrial area where a relatively higher level of alcohols was observed. Oxygenates (e.g., 

ketones, aldehydes and other oxygenated compounds) were also detected. Halogenated 

compounds were also found in all sampling sites due mainly to the presence of carbon 

tetrachloride (CCl4) but other halogenated compounds were also detected in high frequency 

specifically from the industrial areas.   
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Table 3.1 Mean concentration of Detected VOCs (µg/m3) and percent contribution of VOC group to 
the TVOC in the sampling area, (%= percent contribution, AVE = mean concentration in µg/m3) 

Component Name 
Urban park  

Urban 
roadside 

Urban indoor (house) Industrial 
Indoor 
(house) 

Industrial  
loc 1                       

Ambient 

Industrial 
loc 2                      

Ambient 
All* 4 samples 

% AVE % AVE % AVE % AVE % AVE % AVE % AVE 

(Cyclo-)alkanes 20 5.7 21 26.9 71 282.6 37 27.6 9 9.8 6 14.5 27 22.2 
Aromatic compounds 43 12.5 66 85.1 20 79.9 42 31.5 59 65.1 58 143.9 57 46.4 
Aldehydes 18 5.2 7 8.5 2 6.6 6 4.8 2 2.6 1 2.9 3 2.8 
Alcohols 6 1.8 0 0.0 0 0.8 2 1.2 13 14.3 21 53.1 3 2.1 
Ketones 11 3.3 6 7.2 6 24.0 7 5.1 4 4.8 7 16.3 7 6.0 
Other oxygenated compounds 0 0.1 0 0.0 0 0.0 0 0.0 9 10.1 7 16.71 1 0.6 
Halogenated compounds 1 0.4 0 0.1 0 0.2 0 0.1 1 0.6 0 0.21 1 1.2 
Terpene 1 0.2 1 0.8 1 2.8 6 4.2 3 2.9 0 0.05 0 0.30 

TVOC 
 

29 
 

129 
 

397* 
 

74.6 
 

110 
 

248 
 

82 

*includes the two urban indoor samples with very high TVOC concentration 

3.2 Characteristic VOCs in the sampling environments 

The discussion for characteristic VOCs in the sampling sites are presented in the following 

manner: (i) the ambient VOC for the urban environment (roadside and park), (ii) the ambient 

VOC for the industrial environment (the two industrial sampling sites) and (iii) the indoor VOCs 

for the urban and industrial sites.   

Typical VOCs detected in each sampling environment are discussed in this section. A summary of 

the relative abundance of each VOC groups in the sampling sites and the frequency of detection 

of each VOC to give an idea of their prevalence in the sampling sites, were first presented in 

section 3.2.1.  Detailed discussions regarding the detected VOCs in the urban ambient, industrial 

ambient and indoor samples (both urban and industrial) were presented in sections 3.2.2 to 

3.2.4.  

3.2.1 Frequency of detection  

Table 3.2 summarizes the mean concentration and frequency of detection of the VOCs measured for 

all sampling sites. Overall detection frequencies were also shown to illustrate the spatial distribution 

and occurrence of the VOCs. 

Table 3.2 Mean concentration of detected VOCs (µg/m3) and Detection Frequencies in the six 
sampling sites ( DF= Detection Frequencies in %, AVE = mean concentration in µg/m3) 

Component Name 
Overall 
DF (%) 

Urban Park 
Urban 

roadside 

Urban Indoor 
Industrial 

Indoor 

Industrial 
Loc 1 

Ambient 

Industrial 
Loc 2 

Ambient 
All* 4 samples 

DF AVE DF AVE DF AVE DF AVE DF AVE DF AVE DF AVE 

(Cyclo-)alkanes 
               n-Hexane 76 17 0.1 100 2.7 33 0.2 25 0.0 100 4.0 100 3.8 100 3.6 

n-Heptane 100 100 0.4 100 3.2 100 2.6 100 0.9 100 0.6 100 1.6 100 0.8 

n-Octane 100 100 0.3 100 1.8 100 7.6 100 0.9 100 0.5 100 1.2 100 0.6 

n-Nonane 100 100 0.9 100 3.0 100 49.7 100 4.2 100 0.7 100 1.2 100 1.6 

n-Decane 100 100 1.3 100 3.2 100 98.4 100 7.7 100 0.6 100 1.3 100 3.1 

n-Undecane 100 100 1.2 100 4.6 100 74.4 100 7.8 100 0.8 100 1.4 100 5.8 

n-Dodecane 97 100 1.3 100 5.1 100 49.6 100 6.0 83 0.1 100 1.0 100 4.9 

2-Methylpentane 71 0 0.0 100 2.3 17 0.0 25 0.0 100 1.6 83 1.9 100 1.3 

Methylcyclopentane 65 17 0.0 100 0.8 0 0.0 0 0.0 100 0.5 67 0.7 83 0.4 

Cyclohexane 88 83 0.1 100 0.2 50 0.1 25 0.0 100 0.5 100 0.4 100 0.3 

Aromatic compounds 
               

Benzene 100 100 0.9 100 7.0 100 1.2 100 1.3 100 2.2 100 2.8 100 1.4 
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Component Name 
Overall 
DF (%) 

Urban Park 
Urban 

roadside 

Urban Indoor 
Industrial 

Indoor 

Industrial 
Loc 1 

Ambient 

Industrial 
Loc 2 

Ambient 
All* 4 samples 

DF AVE DF AVE DF AVE DF AVE DF AVE DF AVE DF AVE 

Toluene 100 100 3.2 100 20.5 100 10.4 100 9.5 100 9.3 100 12.6 100 5.7 

Ethylbenzene 100 100 0.6 100 5.5 100 4.1 100 2.1 100 5.0 100 26.8 100 8.2 

m,p-Xylene 100 100 1.9 100 16.1 100 13.2 100 5.5 100 17.3 100 61.0 100 8.9 

o-Xylene 100 100 1.0 100 8.3 100 8.3 100 3.0 100 8.8 100 27.7 100 3.9 

Styrene 100 100 0.3 100 2.0 100 0.4 100 0.5 100 0.6 100 0.5 100 0.3 

Propylbenzene 100 100 0.3 100 2.9 100 5.2 100 0.9 100 1.6 100 0.8 100 2.1 

1,2,4 Trimethylbenzene 100 100 2.0 100 17.7 100 30.6 100 5.4 100 16.3 100 9.8 100 12.7 

Benzonitrile 100 100 0.8 100 2.4 100 2.1 100 1.1 100 2.0 100 1.1 100 1.7 

Phenol 100 100 1.6 100 2.6 100 4.4 100 2.4 100 1.9 100 0.9 100 1.4 

Aldehydes 
               

n-Butyraldehyde 82 83 0.3 67 0.3 100 0.4 100 0.2 100 0.3 83 0.7 67 0.1 

Hexanal 68 67 0.3 67 0.0 83 0.5 75 0.3 67 0.0 50 0.1 83 0.1 

Heptanal 18 67 0.5 0 0.0 50 1.2 25 0.0 17 0.0 0 0.0 0 0.0 

Benzaldehyde 100 100 4.2 100 8.2 100 4.6 100 4.3 100 2.2 100 2.2 100 2.5 

Alcohols 
               

1-Butanol 18 0 0.0 0 0.0 0 0.0 0 0.0 33 8.0 67 52.8 0 0.0 

2-Ethyl-1-hexanol 94 100 1.8 67 0.0 67 0.8 100 1.2 100 6.3 100 0.3 100 2.1 

Ketones 
               

2-Butanone 100 100 0.6 100 0.7 100 0.9 100 0.9 100 2.8 100 12.1 100 2.6 

2-Hexanone 71 67 0.0 100 0.1 83 0.1 100 0.1 50 0.0 50 0.0 67 0.0 

2-Heptanone 97 83 0.1 100 0.4 100 3.2 100 0.6 100 0.0 100 0.1 100 0.1 

Acetophenone 100 100 2.5 100 6.0 100 19.8 100 3.5 100 2.0 100 4.0 100 3.3 

Other oxygenated compounds 
              

Ethylacetate 35 0 0.0 0 0.0 0 0.0 0 0.0 50 10.0 83 16.7 67 0.6 

2-Methyl-furan 32 17 0.1 50 0.0 33 0.0 50 0.0 83 0.2 0 0.0 0 0.0 

Halogenated compounds 
              

Carbon tetrachloride 100 100 0.2 100 0.1 100 0.2 100 0.1 100 0.2 100 0.2 100 0.2 

Trichloroethylene 15 17 0.0 0 0.0 17 0.0 0 0.0 50 0.4 17 0.0 0 0.0 

Tetrachloroethylene 24 17 0.2 0 0.0 0 0.0 0 0.0 17 0.0 0 0.0 100 1.0 

Terpene 
               

α-Pinene 100 100 0.0 100 0.0 67 0.1 100 0.1 100 0.1 100 0.0 100 0.0 

Limonene 100 100 0.2 100 0.8 83 2.8 100 4.1 100 2.8 100 0.0 100 0.3 

*includes the two urban indoor samples with very high TVOC concentration 

From the 37 VOCs detected, 29 were identified in all sampling locations (including indoors) with 

an average detection frequency of 71 to 100 percent. The other eight VOCs have detection 

frequencies of around 18 to 65 percent and are found localized in some sites indicating that 

these are associated with specific local sources (Jia et al., 2008). It must be taken note that the 

mean concentration values of the replicate measurements for each location were approximated 

by taking a value of zero for the samples where the signal to noise ratio are less than 10 

(S/N<10). This means that samples which were detected but did not reach the limit of 

quantification (LOQ), were also assigned a value of zero. Discussion of the possible local sources 

of some VOCs is presented in the next sections.  

3.2.2 Ambient VOCs in urban environment  

Tables 3.1 and Table 3.2 give an overview of the most common VOC present in the urban 

environment of Manila (detailed values of concentration can be found in appendix B). The large 

difference of TVOC concentration in the two urban sampling sites (urban park and roadside) 

shows the dependence of concentration on the local source. For the urban park, the highest 

contributor to the TVOCs is benzaldehyde which contributes to about 15% of the total VOCs 
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present at a mean concentration of 4.2 µg/m3. While most VOCs present in the park can be 

inferred to come mostly from vehicular emissions in the urban area, the difference in the 

relative contribution of the specific VOC to the TVOCs profile between the two urban sampling 

sites shows that other mechanism aside from simple diffusion and dilution were occurring.  

The mean TVOC concentration of the roadside sampling site is the second highest among all the 

sites sampled (mean concentration: 129 µg/m3). For this sampling site, toluene is the highest 

contributor (16%). The relative high contribution of toluene in the roadside environment in 

Manila was also reported by Balanay and Lungu (2009) in their study of the occupational effect 

of vehicular emissions in 2005 and by Gee and Sollars (1998) in the measurement done in 

Manila in 1995 as part of a study conducted to determine VOC levels in some major cities in Asia 

and Latin America. The difference between the VOC profile of the park (where benzaldehyde 

was dominant) and the  roadside VOC profile (where toluene was dominant), can be possibly  

attributed to the formation of benzaldehyde in the air through photochemical oxidation of 

toluene and other aromatic hydrocarbons (Han et al., 2003; Sun et al., 2009; HSDB, 2011). Highly 

reactive VOCs from vehicular emissions, must have reacted while it dispersed and diffused to 

lower concentration areas. This may explain why benzaldehyde in the park is higher in terms of 

percent contribution in the TVOC compared to the roadside.  

Another compound that shows high concentration in both the park and roadside sampling sites 

is 1,2,4-trimethylbenzene. This compound is produced during petroleum refining as a major 

component of the C9 aromatic hydrocarbon fraction and is primarily used as gasoline additive 

along with other industrial applications such as solvent in coatings, cleaners, pesticides, printing 

and inks (Harley et al., 1992; U.S.EPA, 1994). Other compounds present like benzonitrile, 

acetophenone, styrene and phenol could be attributed to automobile exhausts (Seizinge.De and 

Dimitria.B, 1972; Jüttner, 1994; Schuetzle et al., 1994). Phenol and others carbonyls were 

possibly produced through the atmospheric reaction of hydroxyl (•OH) radicals with benzene 

(Berndt and Boge, 2006). 

The aromatic compounds and the rest of the VOCs that have high detection frequencies in the 

two urban areas are also commonly identified with the automobile exhaust except for carbon 

tetrachloride (CCl4) and 2-ethyl-1-hexanol. Therefore, further discussions of those two VOCs 

were given.  

CCl4 was a widely used industrial compound and was utilized as a solvent for asphalt, benzyl 

resin, bitumens, cleaning agent for machinery and electrical equipment, and other chlorination 

processes until most of the uses are discontinued due to toxicity problems and its high ozone 

depletion potential (Allen et al., 2009; HSDB, 2011). It is already banned in developed countries 

since 1995 but is still allowed for use in the Philippines until end of 2010 following the mandates 

of the Montreal Protocol. However CCl4, is also known for its high persistence in the 

environment, with an approximate atmospheric half life of 366 years based on OH reactivity 

(Atkinson, 1976) as cited in (HSDB, 2011). Thus, although there are no known significant natural 

sources of CCl4, it is expected to be detected in the ambient air of an area in a rather 

homogeneous concentration, assuming there are no immediate sources of emissions.   In the 
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sampling campaign conducted, the levels of CCl4 tend to be homogeneous (concentrations were 

not statistically different) in the urban areas with the mean concentration of 0.17 and 0.14 

µg/m3 for the urban park and the roadside respectively. The relative stability of CCl4 

concentration was also reported by Class and Ballschmiter (1986) in their study of chlorinated 

hydrocarbons in air over the Atlantic ocean. The same observation was also noted by 

Montecastro (2008) who found no spatial nor temporal variability for CCl4 in the VOC 

monitoring in six sites in Seattle, Washington. 

 The compound 2-ethyl-1-hexanol was also observed to occur in the ambient urban 

environment, specifically the urban park, but was barely detected in all the roadside samples. 

This VOC is however  mostly associated with indoor environment (Sakai et al., 2006)  and 

outdoor ambient data are quite few. It was detected and quantified however in the VOC 

sampling campaign done in Vietnam but it was not detected in sampling done in Ethiopia (Do et 

al., 2011). Sartin et al. (2001) also reported 2-ethyl-1-hexanol as among the biogenic VOCs 

detected in the ambient coastal air in Ireland. It was also identified as one of the biogenic VOCs 

emitted by some plants (Batten et al., 1995) which can possibly explain its presence in the park 

and some sites where greeneries are present. Although this compound is not normally found in 

automobile exhaust or regular vehicular fuel, it may soon become ubiquitous in the outdoor air 

because of its presence in the biodiesel vapor, which is being promoted by a lot of countries 

including the Philippines  (Peng et al., 2006; Garcia et al., 2010).  

3.2.3 Ambient VOCs in industrial environment  

Industrial sources also contribute to ambient VOCs and several papers have been published 

regarding VOC emissions from these stationary sources (see section 1.2). These studies show 

that industries can be major contributors of VOCs and can affect the exposure of people 

especially when the residential areas are adjacent with these industrial sites. 

Tables 3.1 and 3.2 give mean concentration values of typical VOCs found in the sampling 

campaign from two industrial sites in the Philippines (detailed values of concentration can be 

found in appendix C). The two locations are both in the outskirts of two main industrial parks in 

Laguna, Philippines. Sampling site for industrial location 1 (Calamba , Laguna ) which is situated 

near a roof galvanizing and painting facility among other industries,  showed the highest TVOCs 

among the sites sampled with mean TVOC of 248 μg/m3. The high concentration is mostly 

contributed by aromatic hydrocarbons and alcohols that must have come from the intensive 

solvent used in the painting activities. In particular, 1-butanol is found only in this area which 

suggests a localized stationary source of emissions. (m+p)-Xylene was the main contributor to 

the TVOC (61%), suggesting the high usage of this VOC in the painting activity. On the other 

hand, sampling site in industrial location 2, which is situated near a newspaper and magazine 

printing complex, showed a relatively lower average TVOCs with an average of 82 μg/m3.  

However, samples from industrial location 2 showed the presence of tetrachloroethylene in all 

samples suggesting the usage of this compound from the printing facility or possibly from 

nearby industries in the industrial park. It should be noted that the International Agency for 

Research on Cancer (IARC)  has classified tetrachloroethene as a Group 2A carcinogen, which 

http://en.wikipedia.org/wiki/International_Agency_for_Research_on_Cancer
http://en.wikipedia.org/wiki/International_Agency_for_Research_on_Cancer
http://en.wikipedia.org/wiki/Carcinogen
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means that it is probably carcinogenic to humans (IARC, 2012).  In addition, 1,2,4-

trimethylbenzene showed the highest concentration in the second industrial site followed by 

xylenes. While 1,2,4-trimethylbenzene can be emitted from vehicle exhausts, the smaller 

concentration of toluene compared to 1,2,4- trimethylbenzene in the second industrial sampling 

site, suggests that it is also used as material in the industrial printing press from the use of inks 

and solvents or from other industries located in the area (U.S.EPA, 1994). This is also supported 

by one study done to determine the occupational exposure of employees in a printing press in 

Hongkong where the presence of 1,2,4-trimethylbenzene was identified in the working 

environment(Leung et al., 2005). Another compound, ethylacetate, was detected only in all 

industrial sampling sites and never in the urban area. This compound is mostly used as industrial 

solvent and its presence in the industrial environment indicates its usage in the surrounding 

industries(NPI, n.d). CCl4 is also found in the all samples in the industrial environment. As 

discussed earlier, it is a ubiquitous compound which is expected to be found in the ambient air. 

The level of CCl4 is almost homogenous in the two industrial areas at the mean concentration of 

0.2 μg/m3 for both the sampling sites, although they are about 14 kms apart. This homogeneity 

of concentration was also observed from among the sampling sites in the urban area as 

discussed earlier. However, when all sample concentrations data of CCl4 from the urban area 

were pooled and compared with the pooled concentration data of CCl4 from the industrial area 

(including the indoors), it can be observed that the industrial environment has statistically 

significant higher level of  CCl4 (p<0.01). This gives an indication on the influence of industrial 

activities in the increased level of CCl4 and possibly other stable volatile organic compounds 

used in manufacturing activities, in areas near industrial complexes. Although this compound is 

officially phased-out in the country since end of 2010, its high persistence in the environment 

specially surrounding the industrial areas in the country still put residents living near industrial 

sites at higher risk of exposure to this toxic chemical. This observed spatial dependence of CCl4 

can be further explored to possibly correlate the levels of CCl4 with presence or contribution of 

industrial activities to ambient VOC levels. 

Table 3.3 Comparison of mean concentration of CCl4 (µg/m3) in all Sampling Locations  

 
Sampling location 

 
Urban 
park 

Urban 
roadside 

Urban 
Indoor 

Industrial 
indoor 

Industrial 
Loc 1 

Industrial 
Loc 2 

Ave CCl4 

conc  

(µg/m3) 
0.17 0.14 0.14 0.23 0.21 0.21 

 

3.2.4 Indoor VOCs (urban and industrial environments) 

While indoor VOCs have been widely studied in developed countries, indoor VOCs are just 

recently gaining interest in the developing nations (Tang et al., 2005).  This research work 

reports probably for the first time indoor concentration levels of multi-class VOCs in urban 

and industrial air environments in the Philippines.  

Tables 3.1 and 3.2 show the detected VOCs and the mean concentrations for the two indoor 

sampling sites.  The two sampling sites show a mean concentration of 248 and 110 μg/m3 for 
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the industrial area indoor and urban indoor samples, respectively. It should be noted however 

that the TVOC for the urban indoor sample is based only from four samples because two 

samples were excluded in estimating the mean concentration. This was done because the two 

samples were found to have mean concentration of 1042 μg/m3, which is about 14 times higher 

than the mean concentration of the other samples. The very high concentration of the two 

samples was inferred to be associated with the use of insecticides in the house before the 

sampling day. Although the two samples were excluded, further discussion on the effects of 

insecticide use will be discussed at the last part of this section. Implications of the possible 

influence of insecticide use in the indoor VOC profile will also be mentioned in the discussion of 

I/O ratio and also in the correlation analysis in the succeeding section.   

Like the outdoor ambient samples, the predominance of aromatic compounds in the total VOCs 

were observed for the two indoor samples. Table 3.1 shows that aromatic compounds 

contributed to about 42 and 59 % of the TVOCs for the urban indoor and industrial area indoor 

samples respectively.  

 Some VOCs were mostly found in higher concentration in the two indoor environments 

compared in the ambient samples, like alpha-pinene and limonene. Limonene   is used as a 

flavor and fragrance additive in food, household cleaning and polishing products, while alpha 

pinene, a naturally occurring terpene, can be associated with  wood-based products, aerosol 

paint, cleaning and sanitation products, paints and varnish removers (Kotzias D, 2005). This high 

concentration of terpenes in indoor environment was attributed to the increased use of 

terpenoid solvents and scents during the recent years (Weschler, 2009). Chlorinated compounds 

like trichloroethylene and tetrachloroethylene were also detected in the indoor samples most 

notably in the indoor sample from industrial area. In the industrial indoor sampling site, 

presence of 2-methyl-furan was also noted and can be associated with the presence of smoker 

in this indoor sampling location (Xie et al., 2003; Van Berkel et al., 2008).   

The presence of 2-ethyl-1-hexanol is also apparent in both indoor sampling sites with mean 

concentration of 1.2 and 6.3 μg/m3 for the urban area indoor and industrial area indoor samples 

respectively. This compound is of concern in Europe and Japan as it is considered to be a major 

causative factor of Sick Building Syndrome (Norbäck et al., 2000; Kamijima et al., 2002). It is 

mostly considered to be emitted from building materials made from PVC and that the main 

mechanism of emission is through the alkali hydrolysis of di-2-ethylhexylphtalate (DEPH), a 

plasticizer which is major component of PVC along with the residual emission from industrial-

quality DEPH (Sakai et al., 2006; Chino et al., 2009).  

 

Indoor use of insecticides  

One important source of indoor VOCs is the use of insecticide spray which is a common practice 

in many households in the Philippines. The tropical climate of the country is conducive for 

proliferation of insects  which leads to a high amount of  insecticide usage in homes (Pentamwa 

et al., 2011).  During the rainy season for instance, dengue fever epidemic, which is caused by 

mosquitoes, is common in the Philippines and as such, most households use insecticide sprays 
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and burn mosquito coils indoors to ward off mosquitoes. Figure 5.1 shows the chromatogram 

for the two samples from urban house indoor. 

 

 

 

 

 

 

 

 
 
 
 
Figure 3.1 Comparison of chromatograms of two indoor samples from urban area showing the 
difference in scales of peaks. (a) sample chromatogram  of excluded sample due to high 
concentration (after insecticide application)  (b) chromatogram of a normal sample from urban 
indoor 
 

The large difference between the peak scales of the two samples was noticeable. The high peaks 

on the first sample (Fig 5.1- a) was attributed to insecticide use due to onset of rains that 

encouraged breeding of mosquitoes during the sampling campaign. This was evident in the 

trace smell of insecticide noticed during the third sampling day. Examination of the VOC profile 

of the excluded samples showed that the high  TVOC level for the last two samples (average 

concentration 1042 µg/m3) was mainly due to increase of alkane concentration. There was also 

an observed increased of concentration of 1,2,4-trimethylbenzene, acetophenone, 2-heptanone 

and phenol for the two samples compared to the other ones. On another note, it was also 

observed that the elevated concentrations of these VOCs precluded the detection of lower 

concentration VOCs that were normally observed in the other indoor samples like 2-ethyl-1-

hexanol, α-pinene and limonene. This maybe because the high signal of the elevated 

compounds may have rendered the relatively lower signal from the low concentration VOCs to 

be detected as noise. The high concentrations of alkanes and 1,2,4-trimethylbenzene indicates 

their use as the carrier solvent  for the  insecticide spray while ketones like acetophenone and 

phenol may have been part of the insecticide formulation due to their insect repellant 

properties (Erbilgin et al., 2008).  

Indeed the insecticide application is one of the important sources of indoor air pollution and 

indoor VOCs  (U.S.EPA, 1995) as shown by the very high concentration of the last  two urban 

indoor samples (see Table 3.1 and Appendix C). In a simulation study done by Bukowski and 

Meyer (1995), it was reported that indoor VOC level can reach up to  328,000 and 20,500 µg/m3 

(depending on the type of spray), following insecticide application. Residents are thus placed 

into high health risk with the use of these insecticide sprays or mosquito coils due to high 

concentration of irritant and possibly toxic VOCs. For instance, one study suggests that exposure 

to mosquito coil smoke can post significant acute and chronic health risks comparable to 

environmental tobacco smoke. It was reported that emission of toxic VOCs from burning one 

mosquito coil is equivalent to emissions from 51 cigarettes (Liu et al., 2003).  

(a) 

(b) 

3x109 

8x108 
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                                        ( a )                                                                                          ( b ) 
Figure 3.2 Some of the typical sources of VOCs in tropical countries. (a) : burning mosquito coil; (b) : 
spraying of insecticides . ( Photo from Tenenbaum (2003) and http://accidentinsurancethailand.com/) 

 

3.3 TVOCs  and BTEX 

In this section, the TVOCs (based on the 67 target compounds) and BTEX of the different 

sampling sites are discussed. Comparisons of TVOC levels and profiles among the sampling sites 

and   with other studies are presented. 

3.3.1  TVOC level  

Figure 3.3 shows the box plot of the TVOCs concentration of the samples collected from the six 

sampling sites.  

       

Figure 3.3  Box plot of TVOCs (µg/m3) measured in  the six sampling sites(middle line: median, box: 
25% -75%; whisker: non-outlier range) 

As mentioned earlier, industrial location 1 recorded the highest TVOC concentration at an 

average of 249 µg/m3. However the values of VOC concentration in this industrial area is also 

highly dispersed which may indicate an intermittent and periodic emission from the nearby 

sources. The second sampling site for industrial area which is also in the outskirts of one of the 

main industrial parks in the country and near a printing facility, showed a lower average TVOC at 

around 82 µg/m3. This may be due in part to efficient scrubbing mechanisms of nearby industry 
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(the printing facility) compared to the first industrial sampling site where emission cleaning 

system  may not be enough to handle the amount of emissions from the painting facility.  

The high variation observed in the TVOCs concentration within and between the industrial 

sampling sites shows the significance of different factors in the industrial environment. For 

instance, the difference between the levels of VOCs and the type of VOCs identified between 

the two industrial sites demonstrates the effect of the type of industrial sources of VOCs. The 

extent of fugitive emissions  which is mainly dependent on the efficiency of the scrubbing 

system of an industrial source and how enclosed the industrial emission source is may also 

explain the difference in the levels of TVOCs between the two industrial areas (Van Deun et al., 

2007 ).  Intermittent and periodic emissions which are related to manufacturing activities may 

also be a factor in the observed variability of concentrations. Furthermore, the meteorological 

factors such as wind strength and the direction should also be considered. In the first industrial 

location for example, the wind speed and direction may have affected the concentration of 

TVOCs since it was observed that the direction and speed of wind was constantly changing 

during the sampling. The observation regarding the high variability of the concentration of VOCs 

in the industrial area was also mentioned in studies done on the ambient VOCs in industrial 

areas in Thailand and France (Pimpisut et al., 2003; Xiang et al., 2012). Despite the high 

variation, industries can indeed be a significant source of VOC in ambient environment. For 

instance, in a study conducted in roadside microenvironments in Hongkong, the maximum 

concentration was found to be highest in the industrial district. This was attributed to the 

additional sources of VOC from the industries present (Chan et al., 2002).  

 

3.3.2 BTEX  level 

Among the aromatic hydrocarbons, benzene, toluene, ethylbenzene, and xylene (BTEX) are cited 

to be the most abundant among the aromatic hydrocarbons and are of great concern because  

of their role in tropospheric chemisty and the risks they posed to human health (Brocco et al., 

1997; Buczynska et al., 2009; Franco et al., 2012; Singla et al., 2012).   

Table 3.4 shows some reported mean BTEX concentration for industrial and roadside ambient 

air samples from  different countries, most of which are from Asia. Industrial area near the 

painting plant in Calamba, Laguna showed a relatively high level of BTEX compared to other 

industrial locations from the studies listed. The high concentration is mainly due to elevated 

level of ethylbenzene and xylenes.  The BTEX level of the second industrial location on the other 

hand is comparable to the BTEX levels reported in the industrial areas located in Guangdong 

China, Rayong, Thailand, Ulsan South Korea and Yokohama Japan. It must be taken note 

however that analytical and sampling methodologies used in these studies vary from one study 

to another.  
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Table 3.4  Mean  BTEX concentration (µg/m3) for sampling sites  areas  ( B: Benzene, T:Toulene, EB; 
Ethylbenzene, (m+p)-X: (m+p)-Xylene, o-X: o-Xylene) 

REFERENCES 
  

Site Description 
  

Site/ 
Location 

  

Average Concentration  ( µg/m3) 
Total 
BTEX 

RATIO 

B T EB 
(m+p

) X 
o-X B/T 

(m+p)X/
EB 

This Study (2012) 
Industrial Area  
(near painting 
plant) 

Calamba , 
Laguna, 
Philippines 

2.8 12.6 26.8 61.0 27.7 130.9 0.23d 2.51d 

This Study (2012) 
Industrial Area 
(near printing 
press) 

Binan, 
Laguna, 
Philippines 

1.4 5.7 8.2 8.9 3.9 28.2 0.27d 1.30d 

Xiang et al. (2012) Industrial 
Dunkerque, 
France 

0.40 1.22 0.37 0.86 0.30 3.15 0.33 2.32 

Tiwari et al. (2010)
b,c

 

Industrial  (near 
Petrochemical 
plant)  

Yokohama , 
Japan 

2.6 9.3 4.9 3.7 1.6 
22.0 

 
0.28 0.76 

Roukos et al.(2009) Industrial 
Dunkerque, 
France 

1.55 2.10 0.56 0.82 0.32 5.35 0.74 1.46 

Liu et al. (2008a)
c
 

Industrial  ( near 
Petrochemical 
plant - rush hour) 

Kaohsiung, 
Taiwan 

27.0 453.7 88.0 33.7 38.0 640.4 0.06 0.38 

Chan et al. (2006) Industrial 
Guangdong,
China 

2.8 13.5 2.0 4.9 1.2 24.4 0.21 2.45 

Chan et al. (2006)
a

 
Industrial 
suburban 

Guangdong, 
China 

1.3 7.3 0.8 1.7 0.5 11.6 0.18 2.13 

Pimpisut et al. (2003) Industrial 
Rayong, 
Thailand 

6.4 20 0.9 4.3 - 31.6 0.32 4.78 

Hawas et al. (2002)
c Industrial 

Brisbane, 
Australia 

10.5 39.9 5.9 21.2 8.3 85.8 0.26 3.59 

Na et al., (2001)
a

 Industrial 
Ulsan, South 
Korea 

6.7 14.7 3.9 16.5 4.8 46.6 0.46 4.23 

Kalabokas et 

al.,(2001)
b,c

 

Industrial near 
refinery 

Athens, 
Greece 

1.9 4.7 1.0 2.3 2.0 11.9 0.40 2.30 

This Study (2012) Urban Roadside 
Manila , 
Philippines 

7.0 20.5 5.5 16.1 8.3 57.5 0.34d 2.94d 

Do et al. (2011) Urban Roadside 
Gent, 
Belgium 

2.0 10.7 1.0 3.0 16.7 0.19 3.00 

Do et al. (2011) Urban Roadside 
Ababa, 
Ethiopia 

18.3 40.7 7.6 28.5 95.1 0.45 3.75 

Do et al. (2011) Urban Roadside 
Hanoi, 
Vietnam 

32.2 119.3 19.5 63.2 234.2 0.27 3.24 

Liu et al. (2008a)
c
 

Urban  (near traffic 
rush hour)  

Kaohsiung, 
Taiwan 

53.5 599.0 136.0 81.0 78.6 948.1 0.09 0.60 

Wang and Zhao (2008) Urban Roadside 
Nanjing, 
China 

15.8 38.2 7.0 9.3 7.1 77.4 0.41 1.33 

Ho et al. (2002) Urban Roadside 
HKPU, 
Hongkong 

4.85 28.81 3.11 3.98 2.85 43.6 0.17 1.28 

Chan et al. (2002) 
Urban ( commercial 
near traffic) 

Mongkok, 
Hongkong 

28.9 70.0 2.1 10.6 2.2 113.8 
0.41 5.05 

Wang et al. (2002) Urban (near traffic) 
Guangzhou, 
China 

51.5 77.3 17.8 82.2 228.8 0.67 4.62 

Wang et al. (2002) Urban (l near traffic) 
Macao, 
China 

34.9 85.9 24.1 95.6 240.5 0.41 3.97 

Wang et al. (2002) Urban ( near traffic) 
Nanhai, 
China 

20 39.1 3.0 14.2 76.3 0.51 4.73 

a= sampling point taken away from known direct source but within the vicinity of industrial and traffic sources. ;b =average of several 
industrial sites c = converted to µg/m3 from ppbv; µg/m3  = (12.187 *MW/( 273.15 + T (ºC)) x ppbv, (assuming 25 ºC and 1 atm) where MW 
:molecular weight of compound; d = average of individual sample ratios 

There is a high variability in terms of BTEX levels among different industrial locations as seen in 

table 3.4. Generally, except for the sample collected from Calamba, Philippines and that from  

Kaohsiung, Taiwan (Liu et al., 2008a),  BTEX levels tends to be lower in the industrial area 

compared to the urban roadside BTEX level.  
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Urban BTEX values of the roadside from the street of Pasay City, Manila were lower compared 

to samples taken from urban roadside samples of other countries like Vietnam, Ethiopia, China 

and Taiwan but it is still higher compared to BTEX levels from developed countries like Belgium 

and Hongkong (see Table 3.4).  

                
Figure 3.4 Trend of BTEX concentration in Manila (*samples from roadside and locations remote 

from traffic; ** all samples taken from roadside) 

Figure 3.4 shows the trend on BTEX levels in Manila using the data from Gee and Sollars (1998), 

Balanay and Lungu (2009) and this study. Based on the figure, a general improvement of BTEX 

levels can be noted in the roadside environments of Manila. The perceived improvement can be 

much higher considering that the data from Gee and Sollars (1998) were averaged not just from 

roadside data  but from sampling points far from the traffic sites. Roadside data however can be 

approximated on the maximum data from the study where maximum values of 47.5, 807.0, 

80.3, 170.3, 41.9 µg/m3 for benzene, toluene, ethylbenzene, (m,p)-xylene and o-xylene 

respectively were reported.  Comparing these values to the roadside levels of BTEX in the 

current study, and considering that samples in this study were collected during the rush hours 

and thus possibly represent the higher levels of the present BTEX concentration range, a vast 

improvement in terms of BTEX levels can be observed. This is despite the fact that the vehicle 

fleet is increasing in the country at the rate of about 6 percent and 5 percent  per year for the 

diesel fuelled and gasoline fuelled vehicles respectively (ADB, 2006). The general improvements 

may be the results of a law passed in 1999 (Philippine Clean Air Act of 1999) in response to the 

very poor quality of air in Manila during the 1990s. However, this apparent trend should also be 

interpreted with caution as the concentration in the sampling site may have been affected by 

meteorological factors like the presence of the sea breeze from the nearby Manila bay ( see 

Figure 2.2 for the map of sampling location) which can have a diluting effect (Zhao et al., 2004).  

Thus analysis of ambient samples from other various roadside and urban places in Manila 

should be done if this observation is to be validated.   

The benzene concentration in the roadside (7.0 µg/m3) is higher than that observed from the 

two industrial sampling sites (2.8 and 1.4 µg/m3 for Industrial Location 1 and 2 respectively). The 

mean benzene concentrations for the two indoor samples were 1.2 and 2.2 µg/m3 for the urban 

indoor and industrial area indoor samples. All the sampling sites in the urban and industrial 

areas (except for the park : mean concentration of 0.8 µg/m3) , still exceeds the  benzene levels 

of 1.7 µg/m3 associated with an excess lifetime risk of 1/100,000 of the population (WHO, 2000).  
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3.3.2 TVOC profile  

Figure 3.5 shows the relative contribution (%) of each group of pollutants to the TVOCs (μg/m3) 

during each sampling campaign. It can be seen from the figure that aromatics account for the 

highest percentages of contribution for all the six sampling sites. Alkanes, on the other hand, are 

the second largest contributors except for the first industrial location where alcohols and 

oxygenated compounds showed substantial contribution to TVOCs. 

Figure 3.5 Stacked column of percent contribution of each group to the TVOCs in the six sampling 

locations 

 It is worth noting that the two indoor sampling sites were situated within the vicinity of the two 

ambient sampling locations.  Urban house indoor was located about 250 meters from the urban 

roadside traffic while the indoor sample from industrial area was located some 260 meters away 

from the first industrial sampling site. Given this, the extent of influence of outdoor source on 

the indoor profile can thus be examined. As can be shown in Fig 3.5, outdoor sources may have 

major influence on the indoor air basing on the similarity of the profiles of VOCs of the two 

indoor environments to the nearby outdoor ambient air VOC profile. The apparent deviation 

however can be attributed to the presence of additional indoor sources of VOC like terpenes 

and 2-ethyl-1-hexanol. In addition, the relatively higher contribution of alkanes in urban indoor 

environment may have been due to residual petroleum based solvent from insecticide used. 

Although the two samples with high concentration of VOCs were excluded, it can be inferred 

that the particular household where the sampling was conducted may have used insecticide 

intermittently and residual VOCs may have persisted indoors long after the application.  

Variations of TVOC profile depending on the sources are reported in some studies for both 

industrial or traffic related sources of emissions.  For instance, aromatic compounds were 

observed to be  the most abundant group in the TVOC  in the two industrial sites in the 

Philippines measured in this study and in the samples obtained from industrial sites involving 

steel manufacturing, shoemaking and cement production in Guangdong China (Chan et al., 

2006) and in the industrial site near the petrochemical complex in Kaohsiung, Taiwan (Liu et al., 

2008a). However there are also some studies that show other VOC groups can dominate the 
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TVOC concentration. In the industrial ambient air sample near petrochemical industry in 

Yokohama, Japan, the dominant VOCs were the alipathics (Tiwari et al., 2010). In another 

industrial sampling in Brisbane alkanes contributed the highest to TVOCs compared to the 

aromatics  (i.e., 45% compared to 12% contribution, respectively) (Hawas et al., 2002). On the 

other hand,  ambient air sample from an industrial complex dominated by petroleum refinery in 

Ulsan, South Korea showed that oxygenated hydrocarbons contributed the most to TVOCs (Na 

et al., 2001) while another refinery in Taiwan reported alkanes as the dominant VOCs (Chen et 

al., 2006). 

In the case of traffic related emissions, aromatics are usually reported to be the significant 

contributor to TVOCs. However, there is also a variation in exhaust emission as a result of the 

differences in fuel and vehicle fleet types from region to region(Verma and des Tombe, 2002). 

Gee and Sollars (1998) in their study on VOC levels in Asian and Latin American countries 

showed that aromatic levels in fuels used in Asian countries are higher than those used in  Latin 

American cities which they correlated with the higher  BTEX levels in ambient air in Asian cities.  

The difference in profiles of vehicle exhausts depending on the fuel type, on the other hand, was 

reported by Schuetzle et al. (1994); Caplain et al. (2006). In a study to determine VOC profiles 

and levels in Shing Mun Tunnel in Hong Kong,  Ho et al. (2009) found out that alkanes were the 

highest contributor to TVOC followed by alkenes. 

3.3.3 Indoor-to-outdoor concentration ratio (I/O) 

Indoor to outdoor (I/O) ratios for the urban and industrial sites are presented in Table 3.5. The 

mean ratio for each site was calculated by getting the ratio of the mean concentration of each 

compound group from the indoor to that of the mean concentration from the outdoor. For 

statistical analysis of the difference between indoor and outdoor, non-parametric Mann 

Whitney-U test was used from the pooled data from each site. For the urban house indoor, VOC 

level was compared with the level at  roadside sampling site which is around 250 m away from 

the house sampling site and at the urban park , which is about  6 km away. For the industrial 

area, house indoor VOC level was compared with the level at the nearby industrial sampling site 

1 (Calamba, Laguna) which is about 260 m away from the house and with the second industrial 

sampling site (Binan, Laguna) which is about 14 km away. 

Table 3.5 : Mean concentration of TVOC groups and I/O ratios of the six sampling sites in the 
Philippines   (H : house indoor, P:  Park,  I1 : Industrial Location 1, Industrial Location 2 )   

  Urban Area Industrial area I/O Ratio 

Compound\Group H P R H I1 I2 Urban Area Industrial Area 

              H/P H/R H/I1  H/I2 

(Cyclo-)alkanes 27.6 5.7 26.9 9.8 14.5 22.2 4.8* 1.0 0.7 0.4* 

Aromatic compounds 31.5 12.5 85.1 65.1 143.9 46.4 2.5* 0.4* 0.5 1.4 

Oxygenated compounds 11.1 10.4 15.6 32.0 89.1 11.5 1.1 0.7 0.4 2.8 

Terpenes 4.21 0.20 0.80 2.89 0.05 0.30 21.0* 5.3* 61.3* 9.5* 

TVOCs 74.6 29.2 128.5 110.4 247.8 81.5 2.6* 0.6* 0.4 1.4 

*: indicates significant difference at level of 0.05 



RESULTS AND DISCUSSION 

43 
 

It can be seen from table 3.5  that for both indoor samples, the I/O ratio for TVOCs and most of 

the groups except terpenes, are less than or equal to 1 when the indoor sample is compared to 

the site with a known immediate source of emission like the traffic site and the painting facility 

(i.e., H/R and H/I1). When compared to an outdoor sample with no known or little sources of 

emission, the I/O ratio of TVOC and most of the compound groups is greater than 1 for both the 

urban and industrial sampling areas. The less than 1 I/O ratio implied a stronger outdoor source 

of VOCs compared to indoor sources. On the other hand, comparison with background ambient 

sampling site like the park shows that there were also indoor sources that contributed to the 

levels of VOCs in the indoor environment. Referring back to table, we can see that the I/O ratio 

for the terpene group are both high for both the urban and industrial areas since there are low 

levels detected in outdoor air compared to levels of terpenes indoor. As discussed in section 

3.2.3, high level of terpenes can be attributed to the use of household cleaning , sanitation and 

polishing products, perfumes etc (Kotzias D, 2005; Weschler, 2009). Indoor level of (cyclo)-

alkanes and aromatics in the urban house is also statistically higher than the concentration in 

the park. It was discussed earlier that residual VOCs from pesticide usage must have made the 

urban indoor concentration of alkanes relatively higher. The noticeable absence of significant 

difference of the house indoor concentration with that of the outdoor concentration in the 

industrial area despite the difference in the concentration level is probably due to the high 

variation in both the indoor and outdoor concentration data in the first industrial sampling 

location. The variation shows the extent of influence of the outdoor emission to the indoor 

levels as indoor air was obviously affected by outdoor intermittent emission possibly from the 

nearby painting facility. The infiltration of pollutants and apparent fluctuation in the indoor VOC 

levels may also be a function of the high exchange rates of air since the house was properly 

ventilated by windows. This natural ventilation is typical for houses in the Philippines due to its 

tropical condition and windows are almost always open. The significant effect of the outdoor air 

pollution to the indoor air was also described by  Sarigiannis et al. (2011) and Srivastava et al. 

(2000) who reported that the extent of effect can be influenced by prevailing wind direction, 

ventilation type and the kind of indoor activity. Geographical and seasonal effects was evaluated 

in the statistical analysis of  indoor air of eleven European cities (Airmex) and it was mentioned 

that indoor levels of VOC with known indoor sources, like terpenes,  tends to be lower in the 

summer possibly due to higher ventilation rate and reaction with ozone that penetrated from 

outdoor air . However they also reported that the intrusion of outdoor air due to increased 

ventilation rates in summer contributed  to the indoor levels of aromatic compounds (Geiss et 

al., 2011). Related observations or the seasonal extent of effect of outdoor air to indoor air was 

also described by Pekey and Arslanbaş (2008) and  Schlink et al. (2004).  

The broad range of factors affecting the indoor air thus makes generalization of I/O ratio 

difficult. In this study the indoor to outdoor ratio was seen to vary depending on the location 

where the house indoor level was compared.  As Do et al. (2011) pointed out, I/O ratios of VOCs 

may not be as uniform as it has been frequently proposed in the earlier literature and suggested 

that sampling region, specific indoor and outdoor location and type of pollutants should be 

considered in indoor and outdoor VOC comparisons. In addition, based on the observation in 

this study and the literature sources mentioned above, the interaction and combination of the 
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following factors may affect major influence over I/O ratio. These include (i) the strength and 

presence of known sources of VOC in the outdoor air (ii) the proximity of the known outdoor 

source (iii) the strength and presence of indoor sources (iii) ventilation provision and type of 

ventilation (iv) wind /disturbance. Consideration of the presence or absence or combination of 

these factors may be useful in estimating the possible I/O VOC relationship. For instance, a high 

I/O ratio can be expected when there is no immediate outdoor source, ventilation is low and 

presence of indoor VOC sources is noted. Less than 1 I/O ratio on the other hand can be 

expected if the outdoor sampling point has an immediate VOC source like traffic fleet or 

industrial emission, indoor sources are of far distance from outdoor source and there is no wind 

blowing from the outdoor source and no strong indoor sources. High ventilation i.e. prolonged 

opened windows, (such as in the case in the Philippines and other tropical countries and 

summertime in temperate regions) and lack of indoor VOC sources on the other hand will tend 

to equilibrate the indoor and outdoor VOC levels rendering the ratio to be near unity and the 

correlation of VOC species between indoor and outdoor to be high. The relationship of this 

factors and its effect on the I/O ratio can thus be further studied.   

 

3. 4 Source Identification 

For effective emission controls and health risks assessment, identification of all possible sources 

of VOCs is important (Sanchez et al., 2008). Use of diagnostic ratios and correlation coefficient 

to identify VOC source as well as comparison of spatial variability is discussed in this section. 

Difference between the urban and industrial area in relation to the difference in diagnostic 

ratios and correlation coefficients will also be evaluated.  

3.4.1 Diagnostic ratios 

As discussed in section 1.4, a number of literature utilized diagnostic ratios of certain VOCs like 

BTEX to identify VOC source  (Brocco et al., 1997; Barletta et al., 2008; Buczynska et al., 2009) as 

well to make estimation on the age of the air mass (Nelson and Quigley, 1983; Khoder, 2007). 

Table 3.6 shows the mean characteristic ratio of samples taken from each sampling site for the 

three sampling days. Effect of temporal variations on the ratios is not considered.  

Table 3.6: Mean ratios of the indicator compounds in the six sampling points 

Sampling location 
Mean ratio*  

B/T X(m+p)/EB 

Urban park 0.29 2.93 

Urban roadside 0.34 2.94 

Urban indoor 0.13 2.76 

Industrial indoor 0.28 3.16 

Industrial location 1 0.23 2.51 

Industrial location 2 0.27 1.30 
 * mean of individual ratio for each sample 
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3.4.1.1 Benzene-to- toluene (B/T) 

As discussed in Chapter 1, specific range of the benzene to toluene ratio (B/T) has been used as 

an indicator of traffic emissions in past studies. Miller et al. (2011) mentioned a range of 0.33 to 

0.67 as the typical range of B/T ratio as an indicator of  traffic dominated source of emission  

while Buczynska et al. (2009) reported a lower range of 0.22 to 0.26 for areas with intensive 

street traffic.  Barletta et al. (2008) on the other hand proposed a specific B/T ratio of < 0.20   as 

an indicator of air samples strongly affected by industrial emissions.  

The B/T ratio for the ambient urban sample of park (0.29) and roadside (0.34) are within the 

proposed range that characterized the influence of vehicular emission. However the B/T ratio 

for the urban house indoor (0.13) is well below this range and indicates significant source of 

VOCs from indoor. As discussed earlier, it was inferred that the insecticide usage may have left 

residual VOCs thus influencing the indoor VOC profile. This was verified by examining the B/T 

ratio of the two excluded samples which were associated with insecticide spraying. The B/T 

ratios for these two samples were found to be 0.10 which is close to the four other samples 

confirming the influence of insecticide as the major indoor source.  This observation also 

indicates that residual VOCs from insecticide application can persist long after the application.  

The B/T ratios in the industrial environment, (0.23 and 0.27 for Industrial location 1 and 

industrial location 2 respectively),  are slightly above the  B/T cutoff of <0.2 ,proposed by 

Barletta et al. (2008) to be the characteristic ratio of ambient air highly influenced by industrial 

emissions. For industrial location 1, although the emission from inside painting plant has a very 

low B/T ratio of 0.05, the higher ambient B/T of 0.23 is an indication of influence of multiple 

sources.  This may be because industrial emissions are not limited to industrial VOC solvent 

usage in the manufacturing process but also emissions from stationary diesel fired power plants 

for industries with intensive electricity and heating requirements. For instance a galvanizing 

plant is present near sampling location 1 and the combustion process for other industrial 

activities may have influence the ambient air in terms of B/T ratio. In addition benzene may be 

emitted in some manufacturing process within industrial area.  

Several studies for industrial and urban roadside environment from different countries in Table 

3.4 showed that B/T ratio can range from 0.09 to 0.67 and 0.06 to 0.74 for urban roadside and 

industrial environment. Again this shows the difficulty of generalizing B/T ratio in characterizing 

effect of traffic or industrial emission influence in terms of a specific range of values since the 

ratio is dependent on wide range of factors like the fuel and vehicle type and industries present 

and thus a particular area, depending on the sources, will have its own characteristic B/T. Source 

identification can be facilitated if the characteristic ratio of the source is known.  

Comparison of ratio however can also be useful in characterizing the age of an air mass or 

distance from a known source of emission on the basis of difference of the degradation rate 

with •OH radical. Since toluene degrades five times faster than benzene(Atkinson, 1989), B/T 

ratio of an aged air mass tend to increase compared to the ratio of a source and thus can be a 

gauge of the  extent of degradation and the nearness of pollution source (Korte and Klein, 1982; 
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Gelencsér et al., 1997; Miller et al., 2011). B/T ratio may also be used as a tracer to predict long-

range transport (Srivastava, 2005). 

3.4.1.2 (m+p)-Xylene-to- ethylbenzene ((m+p)-X/EB) 

 It was proposed that the ratio of (m+p)-xylene and ethylbenzene can also be used in assessing 

the photochemical age of an air mass from anthropogenic emission sources based on the 

observation that (i) these VOCS also occur in significant concentrations and constant relative 

proportion in the major anthropogenic sources of emissions and (ii) there is also difference of 

the degradation rate with •OH radical. It was further reported that it tends to be constant in a 

particular location and ranges from 3.3 to 4.7 in various cities of developed countries and value 

less than 2 indicates an aged air mass from a distant emission source. The lower value is 

expected for an aged air mass since the degradation rate constant for ethyl-benzene is lower 

than that for xylenes (Nelson and Quigley, 1983; Atkinson, 1986).    

Referring to Table 3.6 we can see that the mean ratio of (m+p)-X/EB for the ambient urban 

sampling sites are very similar (2.93 and 2.94 for the park and roadside respectively) while the 

ratios from the industrial ambient locations were dispersed and at notably lower values (2.51 

and 1.30 for industrial location 1 and 2 respectively). The relatively low (m+p)-X/EB ratio in the 

ambient  industrial area  samples compared to the urban environment may indicate that the 

sources of VOCs in the industrial area have different characteristic composition than vehicle 

exhaust and thus like the B/T ratio, generalization using a specific range is difficult. The lower 

range of  (m+p)-X/EB observed in the industrial ambient is comparable to the other published  

(m+p)-X/EB ratios on industrial ambient air from various countries. For instance, Tiwari et al. 

(2010) observed that (m+p)-X/EB ratio  was  steady at all three industrial locations measured in 

industrial location in Japan with a range of 1.24–1.44. 

The higher (m+p)-X/EB in the industrial indoor sample compared to the nearby ambient sample 

in the first industrial area may indicate other indoor sources of xylenes. On the other hand the 

lower (m+p)-X/EB in the urban indoor compared to the urban ambient, may be indicative of 

relatively aged air.  

 

3.4.2 Correlation analysis 

Correlation analysis of different VOCs was also found to be useful in identification of prevailing 

emission sources (Brocco et al., 1997; Wang et al., 2002). Pearson’s correlation of the 

concentrations of seven aromatic compounds for the six sampling sites was then utilized to 

evaluate and assess the source of VOCs. The results of the correlation analysis (2 tailed) are 

summarized in table 3.7. 

 
 
 
 
 
 



RESULTS AND DISCUSSION 

47 
 

Table 3.7 Summary of Pearson Correlation Coefficient (r) at the different sampling sites ( B: 
Benzene, T:Toulene, EB; Ethylbenzene, X: (m+p+o)-Xylene,  S: Styrene, PB : Propylbenzene, TMB: 
1,2,4-Trimethylbenzene) 

Aromatic Compounds        B          T      E        X        S     PB TMB 

Urban Park 
       Benzene 1.00 

      Toluene 0.79 1.00 
     Ethylbenzene 0.74    0.96** 1.00 

    Xylenes 0.83*     0.93**     0.98** 1.00 
   Styrene 0.95**   0.86*   0.86*    0.92** 1.00 

  Propylbenzene 0.83* 0.78   0.83*   0.91*   0.85* 1.00 
 1,2,4-TMB 0.80 0.75 0.78   0.86* 0.79     0.99** 1.00 

Urban Roadside 
       Benzene 1.00 

      Toluene     0.99** 1.00 
     Ethylbenzene   0.90*   0.88* 1.00 

    Xylene   0.91*   0.91*     0.97** 1.00 
   Styrene 0.43 0.44 0.71 0.74 1.00 

  Propylbenzene     0.99**     0.99**    0.93**     0.96** 0.53 1.00 
 1,2,4-TMB    0.95**     0.97**  0.91*     0.97** 0.59    0.98** 1.00 

Urban Indoor 
       Benzene 1 

      Toluene 0.93 1 
     Ethylbenzene 0.94     1.00** 1 

    Xylene   0.97*     1.00**     0.99** 1 
   Styrene     1.00** 0.93 0.93 0.96* 1 

  Propylbenzene   0.97*     0.99**   0.99*  1.00** 0.97* 1 
 1,2,4-TMB   0.97*  0.97* 0.95 0.98* 0.98* 0.99* 1 

Industrial area Indoor 
       Benzene 1.00 

      Toluene -0.61 1.00 
     Ethylbenzene   0.86* -0.38 1.00 

    Xylene   0.85* -0.38     1.00** 1.00 
   Styrene 0.13 -0.33 0.32 -0.34 1.00 

  Propylbenzene 0.80 -0.40     0.99**    0.99** -0.35 1.00 
 1,2,4-TMB 0.79 -0.4    0.98**     0.99** -0.36     1.00** 1.00 

Industrial Location 1 
       Benzene 1 

      Toluene 0.78 1 
     Ethylbenzene 0.71   0.84* 1 

    Xylene 0.66 0.77    0.99** 1 
   Styrene 0.80 0.36 0.30 0.31 1 

  Propylbenzene 0.49 0.33 0.72 0.81 0.49 1 
 1,2,4-TMB 0.61 0.59     0.92** 0.96** 0.38         0.93** 1 

Industrial Location 2 
       Benzene 1.00 

      Toluene   0.86* 1.00 
     Ethylbenzene 0.35 0.34 1.00 

    Xylene 0.40 0.37     1.00** 1.00 
   Styrene 0.15 -0.08 -0.52 -0.51 1.00 

  Propylbenzene -0.62 -0.33 -0.43 -0.45 -0.06 1.00 
 1,2,4-TMB -0.64 -0.34 -0.45 -0.48 -0.21     1.00** 1.00 

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 

 

From the table we can see that, generally, very good correlation exists for aromatic species in 

the urban area. Except for styrene which curiously, has poor correlation with other species in 

the roadside, all species in the urban environment (i.e. park, roadside and indoor) have good 

correlation among each other which indicates that their primary source of origin is similar. This 

corroborates the initial observations using diagnostic ratios that traffic is the main source of 
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VOC exposure in the three urban environments monitored. (Hoque et al., 2008; Tiwari et al., 

2010). The poor correlation of styrene in the roadside might probably indicate another source of 

styrene in the particular sampling site.  

While there was a good correlation among the species in the urban areas, industrial areas were 

characterized with very poor correlation which indicates multiple origins of VOC emissions. 

Comparing the correlation of species in the indoor environment with the nearby ambient 

sampling location in industrial area 1 (Calamba, Laguna), it can be seen that there are also 

differences in terms of correlation of some species. For instance toluene is slightly correlated 

with some of the aromatic species in the ambient sampling point but it is totally not correlated 

with any aromatic species in the indoor environment. This suggests that indoor is affected by 

more sources like the indoor emission, tobacco smoking, emission from a nearby galvanizing 

plant and pharmaceutical company. Very poor correlation was also observed for Industrial area 

2 (Binan, Laguna), where almost all species are not correlated except for some good correlation 

observed between ethylbenzene and xylene , benzene and toluene,  and propylbenzene and 

1,2,4-trimethylbenzene. This is also reveals the variety of sources that affects the ambient air in 

the second industrial location. 

Remarkably, there were also some species that exhibits good correlation for both the industrial 

and urban areas. Referring again to table 3.7, xylene and ethylbenzene showed a very strong 

and significant correlation (p<0.01) in all sites for both the urban and industrial areas. This 

corroborates the observed consistency of (m+p)-X/EB diagnostic ratios discussed earlier. 

Combining the analysis from the diagnostic ratios, this implied that the main source for the 

urban ambient areas is the traffic fleet with characteristic ratio of 2.94 which is possibly a 

function of the predominant vehicle fuel mixture in Manila. The lower (m+p)-X/EB ratio in the 

urban indoor house then can be inferred to be sign of photochemical aging of the diffused air 

mass from the traffic source or from the insecticide spray with characteristic  (m+p)-X/EB ratio of 

3.55. From the discussion of diagnostic ratios however, it was mentioned that the major source 

for the urban indoor VOCs was probably the residuals of insecticide spray.  For the industrial 

environment, the observed average (m+p)-X/EB ratio of 2.5 is in agreement with the (m+p)-X/EB 

ratio of the air inside the painting facility (data not included in the table) which implies that the 

lower ratio in the industrial environment cannot be taken as a sign of photochemical aging but 

rather a unique ratio of TVOCs in that particular industrial area. This may also be the case for the 

second industrial location which has a low value of (m+p)-X/EB (1.3) compared to the typical 

ratio from traffic fleet.  The consistent good correlation of (m+p)-X/EB ratio for both urban and 

industrial areas was also reported  (Tiwari et al., 2010). In addition to xylene and ethylbenzene 

correlation, it is interesting to note that xylene/propylbenzene and xylene/1-2-4 trimethyl 

benzene show significantly strong relationship for both industrial and urban areas except for 

industrial location 2 which indicates multiple sources for these VOCs. Propylbenzene for 

example is used for textile dyeing and printing (HSDB, 2011) and thus the printing press and 

some textile industries located  in the nearby industrial park in industrial location 2 may have 

contributed to its presence in the ambient air.  Nevertheless, the consistent strong correlation 

of this species can also be considered in analysis of diagnostic ratios for ambient air.  
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The observation in this study regarding good species correlation in the traffic dominated urban 

region and poor correlation in the industrial environment is also reported in other studies done 

by Dollard et al. (2007) ,  (2010) and Chan et al. (2002), all of whom inferred that  additional or 

multiple sources of individual VOCs are utilized in various manufacturing activities. 

This study shows that source identification using specific diagnostic ratios like the usually used 

B/T ratio may be a bit difficult because of the observed site-specific BTEX patterns which imply 

different unique sources in different sites. Combining the data with correlation analysis however 

helps in interpretation and assessment of possible nature of the source.  Nevertheless, 

diagnostic ratios  and correlation analysis are only useful as long as  no more than two plausible 

sources of specific VOCs are considered (Zalel et al., 2008) since  precise source  identification 

may be precluded by multiple sources as seen by poor correlation in the industrial environment.  

Other source apportionment techniques like Chemical Mass Balance(CMB), Positive Matrix 

Factorization (PMF)  and variants of Principle Component Analysis (PCA) can be considered since 

methods commonly used for allocation of VOCs in cases of multiple sources (Hopke, 1991) as 

cited by (Zalel et al., 2008).  

 

3.5 Ozone formation potential 

As mentioned in chapter 1, ozone, is an important air pollutant, which plays an important role in 

tropospheric chemistry. It is produced in the troposphere from the reactions between ozone 

precursors, nitrogen oxides (NOx), and nonmethane volatile organic compounds (NMVOCs) in 

the presence of sunlight (Aneja et al., 2000). It is thus imperative to measure and monitor the 

levels of ozone as it is an important health risk. However, in many developing countries, ozone 

monitoring may not be always available and thus assessment of ozone concentration using 

appropriate estimation models may prove to be beneficial.  

As discussed in chapter 1, Maximum Incremental Reactivity (MIR) is a widely used  method for 

estimating tropospheric  ozone formation as function of different VOCs in the ambient air 

(Hung-Lung et al., 2007). MIR values of different VOCs are based on their specific reactivity and 

thus more reactive species have higher MIR Values. Ozone formation potential (OFP) gives an 

approximation of the contribution of each VOC to O3 formation and  is calculated from the 

summation of the product of specific VOC concentration and its corresponding MIR (Carter, 

1994). 

Table 3.8 shows the ozone formation potential for each VOC species calculated from the latest 

maximum incremental reactivity data (MIR 2010). (Carter, 2010) 
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Table 3.8  Estimated  OFP of the six sampling sites  [a: MIR 2010 maximum incremental reactivity (g 
O3/g VOC) (Carter 2010); b Ozone formation potential (µg/m3)= VOC concentration * MIR] 

Compound Name 

Average Concentration (ug/m
3
) 

MIR 

(2010)
a

 

Ozone Formation Potential (MIR 2010)
b
 

Urban 
Park 

Urban 
Road 
side 

Industrial 
Loc 1 

Industrial 
Loc 2 

Urban 
Park 

Urban 
Road 
side 

Industrial 
Loc 1 

Industria
l Loc 2 

(Cyclo-)alkanes 
    

     n-Hexane 0.1 2.7 3.8 3.6 1.24 0.08 3.36 4.71 4.43 
n-Heptaan 0.4 3.2 1.6 0.8 1.07 0.43 3.38 1.76 0.80 
n-Octane 0.3 1.8 1.2 0.6 0.90 0.30 1.58 1.05 0.51 
n-Nonane 0.9 3.0 1.2 1.6 0.78 0.68 2.35 0.97 1.22 
n-Decane 1.3 3.2 1.3 3.1 0.68 0.89 2.16 0.90 2.12 
n-Undecane 1.2 4.6 1.4 5.8 0.61 0.76 2.82 0.86 3.54 
Dodecane 1.3 5.1 1.0 4.9 0.55 0.73 2.79 0.56 2.69 
2-methylpentane 0.0 2.3 1.9 1.3 1.50 0.00 3.45 2.79 1.97 
Methylcyclopentane 0.0 0.8 0.7 0.4 2.19 0.00 1.76 1.43 0.78 
Cyclohexane 0.1 0.2 0.4 0.3 1.25 0.18 0.30 0.55 0.32 
Aromatic hydrocarbons 

    
     Benzene 0.9 7.0 2.8 1.4 0.72 0.61 5.05 2.04 1.03 

Toluene 3.2 20.5 12.6 5.7 4.00 12.69 82.01 50.41 22.82 
Ethylbenzene 0.6 5.5 26.8 8.2 3.04 1.92 16.65 81.49 25.02 
m+p Xylene 1.9 16.1 61.0 8.9 7.80 14.60 125.75 475.76 69.71 
o-Xylene 1.0 8.3 27.7 3.9 7.64 7.48 63.72 211.33 29.52 
Styrene 0.3 2.0 0.5 0.3 1.73 0.47 3.47 0.82 0.52 
Propylbenzene 0.3 2.9 0.8 2.1 2.03 0.59 5.92 1.66 4.28 
1,2,4 Trimethylbenzene 2.0 17.7 9.8 12.7 8.87 17.67 157.43 86.50 112.48 
Benzonitrile 0.8 2.4 1.1 1.7 

     Phenol 1.6 2.6 0.9 1.4 2.76 4.43 7.27 2.43 3.87 
Aldehydes 

    
     n-Butyraldehyde 0.3 0.3 0.7 0.1 5.97 1.72 1.57 3.98 0.65 

Hexanal 0.3 0.0 0.1 0.1 4.35 1.12 0.00 0.24 0.59 
Heptanal 0.5 0.0 0.0 0.0 3.69 1.70 0.00 0.00 0.00 
Benzaldehyde 4.2 8.2 2.2 2.5 -0.67 -2.83 -5.49 -1.49 -1.69 
Alcohols 

    
     1-Butanol 0.0 0.0 52.8 0.0 
 

0.00 0.00 0.00 0.00 
2-Ethyl-1-Hexanol 1.8 0.0 0.3 2.1 2.00 3.68 0.00 0.60 4.17 
Ketones 

    
     2-Butanone 0.6 0.7 12.1 2.6 1.48 0.92 1.06 17.96 3.80 

2-Hexanone 0.0 0.1 0.0 0.0 3.14 0.08 0.28 0.01 0.04 
2-Heptanone 0.1 0.4 0.1 0.1 2.36 0.27 0.93 0.26 0.25 
Acetophenone 2.5 6.0 4.0 3.3 

 
0.00 0.00 0.00 0.00 

Other oxygenated 
compounds     

     Ethylacetate 0.0 0.0 16.7 0.6 0.63 0.00 0.00 10.53 0.37 
2-Methyl-Furan 0.1 0.0 0.0 0.0 8.30 0.46 0.10 0.00 0.00 
Halogenated 
compounds     

     Carbon tetrachloride 0.2 0.1 0.2 0.2 0.00 0.00 0.00 0.00 0.00 
Trichloroethylene 0.0 0.0 0.0 0.0 0.64 0.00 0.00 0.00 0.00 
Tetrachloroethylene 0.2 0.0 0.0 1.0 0.03 0.01 0.00 0.00 0.03 
Terpene 

    
     α-Pinene 0.0 0.0 0.0 0.0 4.51 0.00 0.06 0.11 0.13 

Limonene ((R)-(+)-
Limonene) 

0.2 0.8 0.0 0.3 
4.55 0.91 3.57 0.11 1.25 

TOTAL            73 493 960 297 

 

Highest OFP was calculated in industrial location 1 in Calamba, Laguna followed by urban 

roadside in Pasay City, Manila. While OFP is a function of both MIR and VOC concentration, it 

can be seen that the trend follows closely with that of the VOC concentration primarily because 

all locations has high percentage of aromatics which contributes the most to total OFP as can be 

in Figure 3.6. 
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 Figure 3.6 Percent contribution of different VOC groups to ozone formation in the four ambient 

sampling sites in the Philippines. 

The relatively high contribution of aromatic compounds to the total OFP was also noted by Do et 

al. (2011) in the study done in Belgium, Ethiophia and Vietnam and by Hung-Lung et al. (2007) in 

a study done in Taiwan.  

Calculated OFP values for the six sampling sites are shown in Figure 3.7. It can be seen that all 

sampling sites, with the exception of  the park area exceeds the 8 hour threshold value of 100 

µg/m3 set by World Health Organization (WHO, 2005). Furthermore according to WHO, 

concentration equivalent to and above 240 µg/m3 already has significant health effects and 

substantial proportion of vulnerable populations are also affected. The high level at industrial 

sites as well as in the roadside environment poses great risks for people in these areas.  

 

 Figure 3.7: Comparison of ozone formation potential of the four ambient sampling site; Green 
dashed line denotes WHO recommended level for ambient ozone <100 µg/m3  
 

The relative contribution of six aromatic compounds to the total OFP for each site is shown in 

Figure 3.8. It can be noticed that 1,2,4-trimethylbenzene is a significant contributor to the total 

OFP for the urban park, roadside and industrial location 2, owing to its high maximum 

incremental reactivity. On the other hand xylene contributes the most to the total OFP in 

industrial location 1 due to its very high concentration in that specific area.  
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Figure 3.8  Relative contribution of the 6 aromatic compounds on  of ozone formation potential of 

the four ambient sampling site  

Ozone formation potential values of the ambient air in samples from the Philippines are also 

compared to other OFPs from different cities around the world.  It can be seen that the 

calculated OFP for the sampling sites in the Philippines are comparable to other cities. The 

roadside data from the Philippines is higher than the estimated level in Beijing China and Jimma, 

Ethiophia but lower than the calculated OFP from Hanoi and Addis Ababa, Ethiopia. The figure 

also demonstrates that industrial emissions can also be a significant source of tropospheric 

ozone which may adversely affect the health of residents within the vicinity of industrial areas. 

 

Figure 3.9 Comparison of OFP of the sampling sites in the Philippines with other cities (based on six 
aromatic VOCs) ; Green dashed line denotes WHO recommended level for ambient ozone <100 
µg/m3 
 

In addition to VOCs other factors like meteorological parameters that influence local ozone 

concentration can also be considered in risk assessments in a particular area. Hung-Lung et al. 

(2007) for example, discussed the lowering effect of humidity and enhancement of ozone 

formation with increased wind speed and temperature. Nevertheless, OFP potential calculated 

is a good estimate of the total ozone risks and the information can be useful in local zoning and 

planning and pollution reduction strategies.  
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GENERAL CONCLUSIONS 

Atmospheric concentration levels of 37 VOCs (i.e. alkanes, aromatic hydrocarbons, halogenated 

compounds, oxygen containing hydrocarbons and terpenes) were measured at indoor and 

outdoor sites in urban and industrial areas in the Philippines. Active sampling was done by 

means of sorbent tubes filled with Tenax TA. The analysis was carried out by TD-GC-MS using 

internal standard calibration. In spite of the limited data set, the following conclusions can be 

drawn from the work. 

This study provides new information regarding the VOC concentration levels in urban and 

industrial areas in the Philippines. Aromatic hydrocarbon was observed to be the most abundant 

group in all sampling sites ranging from 43 to 67% of the TVOC. However, evaluation of the 

detected VOCs shows that presence of VOCs varied from one site to another depending on the 

main source. Most VOCs detected in the outdoor urban sampling sites were characteristics of 

VOCs from vehicle emissions. On the other hand, some VOCs like ethyl acetate, 1-butanol and 

tetrachloroethylene were found mostly in the industrial areas suggesting local sources and 

usage in the manufacturing activities. Terpenes (i.e.limonene and α-pinene) and 2-ethyl-1-

hexanol were found to be highest in the indoor environments which were linked to common 

indoor sources. Insecticide spraying, a common practice in tropical countries, was also seen as a 

significant source of indoor VOCs. CCl4 was detected in all sites for both the urban and industrial 

areas but it was found to be significantly higher in industrial area (p<0.01). The spatial stability 

of CCl4 concentration was also noted and it was suggested that it can be used as an indicator of 

the extent of effect of industrial emission sources.  

The level of TVOCs (based on 67 target compounds), was found to be highest in one of the 

industrial areas (248 μg/m3) which shows that emissions from industries can be a significant 

source of VOCs. This should be noted since most of the manufacturing activities are found highly 

concentrated in industrial zones which may be located near residential areas. The second 

highest concentration TVOCs among the sites was measured at a roadside site in the urban area 

of Manila,   with a mean level of 129 μg/m3. The highest BTEX concentration was found in the 

first industrial sampling site and at the roadside environment. Benzene levels are below the EU 

regulation limit of 5.0 µg/m3 (EU, 2009) for all sampling sites except for the urban roadside level 

which has a mean benzene concentration of 7.0 µg/m3. However, it must be noted that 

according to World Health Organization, there are no established safe levels for benzene 

exposure below which no adverse effects can be observed. With a continuously increasing 

vehicle fleet in the country, the level of this compound and other possible toxic VOCs like 1,3-

butadiene are recommended to be monitored. 

There is an apparent improvement in terms of BTEX levels in Manila when the result of the 

study was compared to two other previous measurements done in 1995 and 2005. However, 

while it appears that there is a significant reduction of VOCs in the roadside data, more sampling 

campaigns should be done to validate this observation. Regular monitoring of VOCs in sites with 

significantly high emission should also be considered by the country. 
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Indoor-outdoor concentration ratio for TVOCs and for some compound groups are not 

consistently higher than 1.0 as reported in most studies. As discussed, a number of possible 

factors like enhanced ventilation, the location of the outdoor ambient air site, presence of 

significant indoor sources can influence the I/O ratio.  

Diagnostic ratios were utilized to identify the sources of emissions. The urban ambient samples 

were found to have B/T ratio in the range that was reported to be linked to traffic related 

emissions. Samples from industrial area however (BT ratio 0.23 to 0.28), did not conform to the 

<0.20 B/T ratio that was proposed in some literature to be indicative of industrial sources of 

emission. The urban ambient (m+p)-X/EB ratio was found relatively constant with mean values 

2.93 and 2.94 for park and roadside ambient samples respectively indicating a common source. 

Diagnostic ratios were also utilized for the two indoor environments and it was inferred that 

indoor sources may be the major influence for the indoor air VOCs. 

This study shows that diagnostic ratios can be used in evaluating source of VOC emissions. 

However source identification using specific values of diagnostic ratios from the literature may 

prove to be difficult because of the observed site-specific BTEX patterns which imply different 

unique sources in different sites. Presence of multiple and nearby point sources also makes 

identification via diagnostic ratios problematic. When using diagnostic ratios, caution is needed 

to ensure that they are not being biased by nearby point source emissions. Evaluation of sample 

sources using the diagnostic ratios together with correlation analysis helps in drawing better 

conclusions regarding the nature of the source.  

Correlation analysis of aromatic compounds shows that the urban ambient VOCs were highly 

correlated. This is indicative of a common source which is most probably the traffic emissions. 

On the other hand, industrial areas are characterized by very poor correlation which implies 

multiple and varied sources of emissions possibly because of the wide range of industries 

present in the sampling locations.  

Highest OFP was calculated at Industrial location 1 (960 µg/m3) followed by the level measured 

at the roadside (493 µg/m3). Industrial location 2 also showed significant level of OFP at 297 

µg/m3. This study shows that industrial activities can be a significant source of photochemical 

ground level ozone. It is thus imperative that, like traffic emission, careful attention and 

consideration should also be given to industrial emission sources. 

To the best of our knowledge, no specific regulations are provided in the Philippines for ambient 

levels of emissions of VOCs. However based on this study, traffic and industries emit significant 

amount of VOCs that could cause immense health risks to population residing near the emission 

sources. It is thus recommended that VOCs be included in the list of criteria pollutants that are 

monitored and regulated. This study may provide helpful information in assessing current 

environmental policies for air quality and can serve as reference when conceptualizing 

development programs, planning and implementing regulations and pollution reduction 

strategies. 
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RECOMMENDATIONS FOR FURTHER RESEARCH 

Given the reported spatial and temporal variability of VOC concentrations, sampling and 

monitoring in more locations and over a longer period of time can be considered to further 

substantiate the initial findings of this work and to have appropriate data set for human health 

risks assessment on the exposure to some toxic VOCs. Effect of meteorological factors and 

seasonal variation (rainy and summer seasons) should also be done as these could provide 

useful and practical information in VOC assessment in the Philippines.    

Further study on diagnostic ratios and correlation analysis in source identification of VOCs can 

be done. In addition use of diagnostic ratios which relates source characteristic ratio, 

photochemical aging in combination with meteorological factors like wind direction and speed 

can be explored in assessing the extent of spatial influence of known sources of emission (like 

traffic and industrial sources). This could be a good tool for predicting and estimating the impact 

of emissions in developing countries where monitoring stations are hardly available.  

REFERENCES 

 



REFERENCES 

56 
 

REFERENCES 

ADB (2006). "Asian Development Bank,Country Synthesis Report on Urban Air Quality Management: 
Philippines (Discussion Draft)." 

Adgate, J. L., T. R. Church, et al. (2004). "Outdoor, indoor, and personal exposure to VOCs in 
children." Environmental Health Perspectives 112(14): 1386-1392. 

Akimoto, H., T. Izuta, et al. (2006). "Tropospheric Ozone: A Growing Threat." 

Allen, N. D. C., P. F. Bernath, et al. (2009). "Global carbon tetrachloride distributions obtained from 
the Atmospheric Chemistry Experiment (ACE)." Atmospheric Chemistry and Physics 9(19): 
7449-7459. 

Aneja, V. P., S. P. Arya, et al. (2000). "Climatology of Diurnal Trends and Vertical Distribution of 
Ozone in the Atmospheric Boundary Layer in Urban North Carolina." Journal of the Air & 
Waste Management Association 50(1): 54-64. 

Atkinson, R. (1986). "Kinetics and mechanisms of the gas-phase reactions of the hydroxyl radical with 
organic compounds under atmospheric conditions." Chemical Reviews 86(1): 69-201. 

Atkinson, R. (1989). "Kinetics and mechanisms of the gas-phase reactions of the hydroxyl radical  
with organic compounds " Journal of Physical and Chemical Reference Data, Monograph No. 
1. 

Baek, S.-O., Y.-S. Kim, et al. (1997). "Indoor air quality in homes, offices and restaurants in Korean 
urban areas—indoor/outdoor relationships." Atmospheric Environment 31(4): 529-544. 

Balanay, J. A. G. and C. T. Lungu (2009). "Exposure of Jeepney Drivers in Manila, Philippines, to 
Selected Volatile Organic Compounds (VOCs)." Industrial Health 47(1): 33-42. 

Banta, R. M., C. J. Senff, et al. (2011). "Dependence of daily peak O3 concentrations near Houston, 
Texas on environmental factors: Wind speed, temperature, and boundary-layer depth." 
Atmospheric Environment 45(1): 162-173. 

Barletta, B., S. Meinardi, et al. (2005). "Volatile organic compounds in 43 Chinese cities." 
Atmospheric Environment 39(32): 5979-5990. 

Barletta, B., S. Meinardi, et al. (2008). "Ambient mixing ratios of nonmethane hydrocarbons (NMHCs) 
in two major urban centers of the Pearl River Delta (PRD) region: Guangzhou and 
Dongguan." Atmospheric Environment 42(18): 4393-4408. 

Batten, J. H., G. W. Stutte, et al. (1995). "Effect of crop development on biogenic emissions from 
plant populations grown in closed plant growth chambers." Phytochemistry 39(6): 1351-
1357. 

Berndt, T. and O. Boge (2006). "Formation of phenol and carbonyls from the atmospheric reaction of 
OH radicals with benzene." Physical Chemistry Chemical Physics 8(10): 1205-1214. 

Blake, R. S., P. S. Monks, et al. (2009). "ChemInform Abstract: Proton-Transfer Reaction Mass 
Spectrometry." ChemInform 40(23): no-no. 

Brocco, D., R. Fratarcangeli, et al. (1997). "Determination of aromatic hydrocarbons in urban air of 
Rome." Atmospheric Environment 31(4): 557-566. 



REFERENCES 

57 
 

Buczynska, A. J., A. Krata, et al. (2009). "Atmospheric BTEX-concentrations in an area with intensive 
street traffic." Atmospheric Environment 43(2): 311-318. 

Bukowski, J. A. and L. W. Meyer (1995). "Simulated Air Levels of Volatile Organic Compounds 
following Different Methods of Indoor Insecticide Application." Environmental Science & 
Technology 29(3): 673-676. 

Butler, T. M., M. G. Lawrence, et al. (2008). "The representation of emissions from megacities in 
global emission inventories." Atmospheric Environment 42(4): 703-719. 

Butler, T. M., M. G. Lawrence, et al. (2011). "Multi-day ozone production potential of volatile organic 
compounds calculated with a tagging approach." Atmospheric Environment 45(24): 4082-
4090. 

Caplain, I., F. Cazier, et al. (2006). "Emissions of unregulated pollutants from European gasoline and 
diesel passenger cars." Atmospheric Environment 40(31): 5954-5966. 

Carter, W. P. L. (1994). "Development of Ozone Reactivity Scales for Volatile Organic Compounds." 
Air & Waste 44(7): 881-899. 

Carter, W. P. L. (2010). "Updated Maximum Incremental Reactivity Scale and Hydrocarbon Bin 
Reactivities for Regulatory Applications." Report Prepared for California Air Resources Board 
Contract 07-339. 

Chan, C. Y., L. Y. Chan, et al. (2002). "Volatile organic compounds in roadside microenvironments of 
metropolitan Hong Kong." Atmospheric Environment 36(12): 2039-2047. 

Chan, L.-Y., K.-W. Chu, et al. (2006). "Characteristics of nonmethane hydrocarbons (NMHCs) in 
industrial, industrial-urban, and industrial-suburban atmospheres of the Pearl River Delta 
(PRD) region of south China." J. Geophys. Res. 111(D11): D11304. 

Chen, C.-L., C.-M. Shu, et al. (2006). "Location and Characterization of Emission Sources for Airborne 
Volatile Organic Compounds Inside a Refinery in Taiwan." Environmental Monitoring and 
Assessment 120(1): 487-498. 

Chino, S., S. Kato, et al. (2009). "Study on emission of decomposed chemicals of esters contained in 
PVC flooring and adhesive." Building and Environment 44(7): 1337-1342. 

Choi, E., K. Choi, et al. (2011). "Non-methane hydrocarbons in the atmosphere of a Metropolitan City 
and a background site in South Korea: Sources and health risk potentials." Atmospheric 
Environment 45(40): 7563-7573. 

Class, T. and K. Ballschmiter (1986). "Chemistry of organic traces in air VI: Distribution of chlorinated 
Chemosphere 

15(4): 413-427. 

Czader, B. H., D. W. Byun, et al. (2008). "A study of VOC reactivity in the Houston-Galveston air 
mixture utilizing an extended version of SAPRC-99 chemical mechanism." Atmospheric 
Environment 42(23): 5733-5742. 

Demeestere, K., J. Dewulf, et al. (2008). "Quality control in quantification of volatile organic 
compounds analysed by thermal desorption–gas chromatography–mass spectrometry." 
Journal of Chromatography A 1186(1–2): 348-357. 



REFERENCES 

58 
 

Demeestere, K., J. Dewulf, et al. (2007). "Sample preparation for the analysis of volatile organic 
compounds in air and water matrices." Journal of Chromatography A 1153(1–2): 130-144. 

Derwent, R. G. (1995). Sources, distributions, and fates of VOCs in the atmosphere. Volatile Organic 
Compounds in the Atmosphere. R. E. Hester and R. M. Harrison, The Royal Society of 
Chemistry. 4: 1-16. 

Derwent, R. G., M. E. Jenkin, et al. (2007). "Reactivity-based strategies for photochemical ozone 
control in Europe." Environmental Science & Policy 10(5): 445-453. 

Derwent, R. G., M. E. Jenkin, et al. (1996). "Photochemical ozone creation potentials for a large 
number of reactive hydrocarbons under European conditions." Atmospheric Environment 
30(2): 181-199. 

Dimitroulopoulou, C. (2012). "Ventilation in European dwellings: A review." Building and 
Environment 47: 109-125. 

Do, D. H. (2009). "Volatile Organic Compounds in an Urban Environment: Comparison between 
Vietnam and Belgium " Gent University, Faculty of Bioscience Engineering. 

Do, D. H., H. Van Langenhove, et al. (2011). "Volatile organic compounds in an urban environment: a 
comparison among Belgium, Vietnam and Ethiopia." International Journal of Environmental 
Analytical Chemistry: 1-17. 

Dollard, G. J., P. Dumitrean, et al. (2007). "Observed trends in ambient concentrations of C2–C8 
hydrocarbons in the United Kingdom over the period from 1993 to 2004." Atmospheric 
Environment 41(12): 2559-2569. 

Duricova, J., M. Majdan, et al. (2010). "Respiratory health risks of indoor air pollution by solid fuels 
combustion in Slovakian Roma community." European Journal of Public Health 20: 257-258. 

Elshorbany, Y. F., J. Kleffmann, et al. (2009). "Summertime photochemical ozone formation in 
Santiago, Chile." Atmospheric Environment 43(40): 6398-6407. 

Erbilgin, N., N. E. Gillette, et al. (2008). "Acetophenone superior to verbenone for reducing attraction 
of western pine beetle Dendroctonus brevicomis to its aggregation pheromone." Agricultural 
and Forest Entomology 10(4): 433-441. 

EU. (1999). "Council Directive 1999/13/EC of 11 March 1999 on the limitation of emissions of volatile 
organic compounds due to the use of organic solvents in certain activities and installations."   
Retrieved July 22,2012, from http://eur-
lex.europa.eu/Notice.do?val=330218:cs&lang=en&list=461095:cs,335856:cs,351992:cs,3352
63:cs,330223:cs,330219:cs,330218:cs,330495:cs,&pos=7&page=1&nbl=8&pgs=10&hwords=
&checktexte=checkbox&visu=#texte. 

EU. (2001). "DIRECTIVE 2001/81/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 
October 2001 on national emission ceilings for certain atmospheric pollutants."   Retrieved 
June 24, 2012, from http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2001:309:0022:0030:EN:PDF. 

EU (2002). "COMMISSION DECISION of 3 September 2002 establishing revised ecological criteria for 
the award of the Community eco-label to indoor paints and varnishes and amending 
Decision 1999/10/EC." Official Journal of the European Communities. 



REFERENCES 

59 
 

EU. (2004). "Directive 2004/42/CE of the European Parliament and of the Council  of 21 April 2004 
on the limitation of emissions of volatile organic compounds due to the use of organic 
solvents in certain paints and varnishes and vehicle refinishing products and amending 
Directive 1999/13/EC."   Retrieved April 12, 2012, from http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2004:143:0087:0096:EN:PDF. 

EU. (2009). "Directive 2000/69/EC of the European Parliament and of the Council of 16 November 
2000 relating to limit values for benzene and carbon monoxide in ambient air." Official 
Journal of the European Communities, from http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2000:313:0012:0021:EN:PDF. 

Finlayson-Pitts, B. J. and J. N. Pitts (1997). "Tropospheric Air Pollution: Ozone, Airborne Toxics, 
Polycyclic Aromatic Hydrocarbons, and Particles." Science 276(5315): 1045-1051. 

Franco, M., I. Chairez, et al. (2012). "BTEX decomposition by ozone in gaseous phase." Journal of 
Environmental Management 95, Supplement(0): S55-S60. 

Gallego, E., F. J. Roca, et al. (2010). "Comparative study of the adsorption performance of a multi-
sorbent bed (Carbotrap, Carbopack X, Carboxen 569) and a Tenax TA adsorbent tube for the 
analysis of volatile organic compounds (VOCs)." Talanta 81(3): 916-924. 

Garcia, M. P. G.-I., A. M. Sanroma, et al. (2010). "Reactivity of 2-ethyl-1-hexanol in the atmosphere." 
Physical Chemistry Chemical Physics 12(13): 3294-3300. 

Gee, I. L. and C. J. Sollars (1998). "Ambient air levels of volatile organic compounds in Latin American 
and Asian cities." Chemosphere 36(11): 2497-2506. 

Geiss, O., G. Giannopoulos, et al. (2011). "The AIRMEX study - VOC measurements in public buildings 
and schools/kindergartens in eleven European cities: Statistical analysis of the data." 
Atmospheric Environment 45(22): 3676-3684. 

Gelencsér, A., K. Siszler, et al. (1997). "Toluene−Benzene Concentration Ratio as a Tool for 
Characterizing the Distance from Vehicular Emission Sources." Environmental Science & 
Technology 31(10): 2869-2872. 

Goldstein, A. H. and I. E. Galbally (2007). "Known and Unexplored Organic Constituents in the Earth's 
Atmosphere." Environmental Science & Technology 41(5): 1514-1521. 

Gossett, J. M. (1987). "Measurement of Henry's law constants for C1 and C2 chlorinated 
hydrocarbons." Environmental Science & Technology 21(2): 202-208. 

Guenther, A., C. Geron, et al. (2000). "Natural emissions of non-methane volatile organic 
compounds, carbon monoxide, and oxides of nitrogen from North America." Atmospheric 
Environment 34(12–14): 2205-2230. 

Guenther, A., C. N. Hewitt, et al. (1995). "A Global-Model of Natural Volatile Organic-Compound 
Emissions." Journal of Geophysical Research-Atmospheres 100(D5): 8873-8892. 

Guo, H. (2011). "Source apportionment of volatile organic compounds in Hong Kong homes." 
Building and Environment 46(11): 2280-2286. 

Hakami, A., R. A. Harley, et al. (2004). "Regional, three-dimensional assessment of the ozone 
formation potential of organic compounds." Atmospheric Environment 38(1): 121-134. 



REFERENCES 

60 
 

Han, D.-H., T. Stuchinskaya, et al. (2003). "Oxidative decomposition of aromatic hydrocarbons by 
electron beam irradiation." Radiation Physics and Chemistry 67(1): 51-60. 

Han, X. and L. P. Naeher (2006). "A review of traffic-related air pollution exposure assessment 
studies in the developing world." Environment International 32(1): 106-120. 

Hansen, J. and M. Sato (2001). Proceedings of National Academy of Science. 

Harley, R. A., M. P. Hannigan, et al. (1992). "Respeciation of organic gas emissions and the detection 
of excess unburned gasoline in the atmosphere." Environmental Science & Technology 
26(12): 2395-2408. 

Harper, M. (2000). "Sorbent trapping of volatile organic compounds from air." Journal of 
Chromatography A 885(1-2): 129-151. 

Hawas, O., D. Hawker, et al. (2002). Characterisation and Identification of Sources of Volatile Organic 
Compounds in an Industrial Area in Brisbane 16th International Clean Air Conference, 
Christchurch, New Zealand, 18-22 August, 2002. 

Hayleeyesus, S. F. (2011). Volatile Organic Compounds in an Urban Environment of Ethiophia: 
Comparison between Jimma and Addis Ababa, Gent University, Faculty of Bioscience 
Engineering. 

Herbarth, O. and S. Matysik (2010). "Decreasing concentrations of volatile organic compounds (VOC) 
emitted following home renovations." Indoor Air 20(2): 141-146. 

Ho, K. F., S. C. Lee, et al. (2002). "Characterization of selected volatile organic compounds, polycyclic 
aromatic hydrocarbons and carbonyl compounds at a roadside monitoring station." 
Atmospheric Environment 36(1): 57-65. 

Ho, K. F., S. C. Lee, et al. (2009). "Vehicular emission of volatile organic compounds (VOCs) from a 
tunnel study in Hong Kong." Atmospheric Chemistry and Physics 9(19): 7491-7504. 

Hopke, P. K. (1991). Chapter 1 An Introduction to Receptor Modeling. Data Handling in Science and 
Technology. K. H. Philip, Elsevier. Volume 7: 1-10. 

Hoque, R. R., P. S. Khillare, et al. (2008). "Spatial and temporal variation of BTEX in the urban 
atmosphere of Delhi, India." Science of The Total Environment 392(1): 30-40. 

Hoshi, J. Y., S. Amano, et al. (2008). "Investigation and estimation of emission sources of 54 volatile 
organic compounds in ambient air in Tokyo." Atmospheric Environment 42(10): 2383-2393. 

HSDB. (2011). Available from http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB Bethesda (MD): 
National Library of Medicine (US) Hazardous Substances Data Bank Retrieved April 12, 2012 

Huang, C., C. H. Chen, et al. (2011). "Emission inventory of anthropogenic air pollutants and VOC 
species in the Yangtze River Delta region, China." Atmospheric Chemistry and Physics 11(9): 
4105-4120. 

Hung-Lung, C., T. Jiun-Horng, et al. (2007). "VOC concentration profiles in an ozone non-attainment 
area: A case study in an urban and industrial complex metroplex in southern Taiwan." 
Atmospheric Environment 41(9): 1848-1860. 

IARC. (2012). (International Agency for Research on Cancer) List of classifications by alphabetical 
order.  Retrieved from http://monographs.iarc.fr/ENG/Classification/index.php. 



REFERENCES 

61 
 

Jia, C., S. Batterman, et al. (2008). "VOCs in industrial, urban and suburban neighborhoods, Part 1: 
Indoor and outdoor concentrations, variation, and risk drivers." Atmospheric Environment 
42(9): 2083-2100. 

Jo, W.-K., J.-W. Lee, et al. (2004). "Exposure to volatile organic compounds in residences adjacent to 
dyeing industrial complex." International Archives of Occupational and Environmental Health 
77(2): 113-120. 

Jüttner, F. (1994). "Emission of aromatic hydrocarbons and aldehydes into the water by a four-stroke 
outboard motor: Quantitative measurements." Chemosphere 29(2): 191-200. 

Kalabokas, P. D., J. Hatzianestis, et al. (2001). "Atmospheric concentrations of saturated and 
aromatic hydrocarbons around a Greek oil refinery." Atmospheric Environment 35(14): 
2545-2555. 

Kamijima, M., K. Sakai, et al. (2002). "2-ethyl-1-hexanol in indoor air as a possible cause of sick 
building symptoms (vol 44, pg 188, 2002)." Journal of Occupational Health 44(5): Ar2-Ar2. 

Kansal, A. (2009). "Sources and reactivity of NMHCs and VOCs in the atmosphere: A review." Journal 
of Hazardous Materials 166(1): 17-26. 

Khoder, M. I. (2007). "Ambient levels of volatile organic compounds in the atmosphere of Greater 
Cairo." Atmospheric Environment 41(3): 554-566. 

Korte, F. and W. Klein (1982). "Degradation of Benzene in the Environment." Ecotoxicology and 
Environmental Safety 6(4): 311-327. 

Kotzias D, K. K., Kephalopoulos S, Schlitt C, Carrer P, Maroni M, et al (2005). The INDEX project: 
critical appraisal of the setting and implementation of indoor exposure limits in the EU. Ispra 
(VA) Italy:, European Commission, Joint Research Centre. 

Krupnick, A., R. Morgenstern, et al. (2003). Air Pollution Control Policy Options for Metro Manila 
Resources for the Future (Discussion Paper), Washington, D.C. 

Kumar, A. and I. Víden (2007). "Volatile Organic Compounds: Sampling Methods and Their 
Worldwide Profile in Ambient Air." Environmental Monitoring and Assessment 131(1): 301-
321. 

Lai, C. H. and Y. P. Peng (2012). "Volatile hydrocarbon emissions from vehicles and vertical 
ventilations in the Hsuehshan traffic tunnel, Taiwan." Environmental Monitoring and 
Assessment 184(7): 4015-4028. 

Lau, A. K. H., Z. Yuan, et al. (2010). "Source apportionment of ambient volatile organic compounds in 
Hong Kong." Science of The Total Environment 408(19): 4138-4149. 

Leung, M. K., C. H. Liu, et al. (2005). "Occupational exposure to volatile organic compounds and 
mitigation by push-pull local exhaust ventilation in printing plants." J Occup Health 47(6): 
540-547. 

Lin, T.-Y., U. Sree, et al. (2004). "Volatile organic compound concentrations in ambient air of 
Kaohsiung petroleum refinery in Taiwan." Atmospheric Environment 38(25): 4111-4122. 

Liu, P. W. G., Y. C. Yao, et al. (2008a). "Source impacts by volatile organic compounds in an industrial 
city of southern Taiwan." Science of the Total Environment 398(1-3): 154-163. 



REFERENCES 

62 
 

Liu, W., J. Zhang, et al. (2003). "Mosquito Coil Emissions and Health Implications." Environ Health 
Perspect 111(12). 

Liu, Y., M. Shao, et al. (2008b). "Source apportionment of ambient volatile organic compounds in the 
Pearl River Delta, China: Part II." Atmospheric Environment 42(25): 6261-6274. 

LTO (2011). "Philippine Department of Transportation, Land Transportation Office. Summary of the 
Number of  Motor Vehicles Registered, For Hire, By Type of Service, CY 1990–CY 2010." 

Markes-International (2006) "Note 20: Determining and Validating Safe Sampling Volumes; Thermal 
Desorption Technical Support ". 

Miller, L., X. H. Xu, et al. (2011). "Spatial Variability and Application of Ratios between BTEX in Two 
Canadian Cities." Thescientificworldjournal 11: 2536-2549. 

Mintz, R. and R. D. McWhinney (2008). "Characterization of volatile organic compound emission 
sources in Fort Saskatchewan, Alberta using principal component analysis." Journal of 
atmospheric chemistry 60(1): 83-101. 

Montecastro, D. B. (2008). Ambient Air monitoring of Harzardous Volatile Organic Compounds in 
Seattle, Washington Neighborhoods: Trends and Implications Doctoral Thesis, Washington 
State University  

Morawska, L., S. Thomas, et al. (1998). "Comprehensive characterization of aerosols in a subtropical 
urban atmosphere: Particle size distribution and correlation with gaseous pollutants." 
Atmospheric Environment 32(14-15): 2467-2478. 

Mturi, S. J. (2010). Monitoring of Volatile Organic Compounds in Ambient air near Waste Dumpsite 
in Kenya via Passive sampling unpublished thesis, Gent University, Faculty of Bioscience 
Engineering. 

Na, K., Y. P. Kim, et al. (2001). "Concentrations of volatile organic compounds in an industrial area of 
Korea." Atmospheric Environment 35(15): 2747-2756. 

Nelson, P. F. and S. M. Quigley (1983). "The m,p-xylenes:ethylbenzene ratio. A technique for 
estimating hydrocarbon age in ambient atmospheres." Atmospheric Environment (1967) 
17(3): 659-662. 

Norbäck, D., G. Wieslander, et al. (2000). "Asthma symptoms in relation to measured building 
dampness in upper concrete floor construction, and 2-ethyl-1-hexanol in indoor air." The 
International Journal of Tuberculosis and Lung Disease 4(11): 1016-1025. 

NPI. (n.d). National Pollutant Inventory -Substances, Ethyl acetate: Sources of emissions.  Retrieved 
from http://www.npi.gov.au/substances/ethyl-acetate/source.html. 

Palluau, F., P. Mirabel, et al. (2007). "Influence of relative humidity and ozone on the sampling of 
volatile organic compounds on Carbotrap/Carbosieve adsorbents." Environmental 
Monitoring and Assessment 127(1-3): 177-187. 

Pekey, H. and D. Arslanbaş (2008). "The Relationship Between Indoor, Outdoor and Personal VOC 
Concentrations in Homes, Offices and Schools in the Metropolitan Region of Kocaeli, 
Turkey." Water, Air, & Soil Pollution 191(1): 113-129. 

Peng, C.-Y., C.-H. Lan, et al. (2006). "Speciation and quantification of vapor phases in soy biodiesel 
and waste cooking oil biodiesel." Chemosphere 65(11): 2054-2062. 



REFERENCES 

63 
 

Pentamwa, P., N. Kanaratanadilok, et al. (2011). "Indoor pesticide application practices and levels in 
homes of Bangkok Metropolitan Region." Environmental Monitoring and Assessment 181(1): 
363-372. 

Pimpisut, D., W. Jinsart, et al. (2003). Ambient Air Levels and Sources of BTEX  at a Petrochemical 
Complex in Thailand Proceedings of the 2nd Regional Conference on Energy Technology 
Towards a Clean Environment 12-14 February 2003, Phuket, Thailand. 

Ramírez, N., A. Cuadras, et al. (2010). "Comparative study of solvent extraction and thermal 
desorption methods for determining a wide range of volatile organic compounds in ambient 
air." Talanta 82(2): 719-727. 

Ras, M. R., F. Borrull, et al. (2009). "Sampling and preconcentration techniques for determination of 
volatile organic compounds in air samples." TrAC Trends in Analytical Chemistry 28(3): 347-
361. 

Roukos, J., V. Riffault, et al. (2009). "VOC in an urban and industrial harbor on the French North Sea 
coast during two contrasted meteorological situations." Environmental Pollution 157(11): 
3001-3009. 

Rubin, J. I., A. J. Kean, et al. (2006). "Temperature dependence of volatile organic compound 
evaporative emissions from motor vehicles." J. Geophys. Res. 111(D3): D03305. 

Russell, A., J. Milford, et al. (1995). "Urban Ozone Control and Atmospheric Reactivity of Organic 
Gases." Science 269(5223): 491-495. 

Sahu, L. K. (2012). "Volatile organic compounds and their measurements in the troposphere  " 
Current Science 102(12): 1645_1649. 

Sakai, K., M. Kamijima, et al. (2006). "Indoor air pollution by 2-ethyl-1-hexanol in non-domestic 
buildings in Nagoya, Japan." Journal of Environmental Monitoring 8(11): 1122-1128. 

Sanchez, M., S. Karnae, et al. (2008). "Source Characterization of Volatile Organic Compounds 
Affecting the Air Quality in a Coastal Urban Area of South Texas." International Journal of 
Environmental Research and Public Health 5(3): 130-138. 

Sarigiannis, D. A., S. P. Karakitsios, et al. (2011). "Exposure to major volatile organic compounds and 
carbonyls in European indoor environments and associated health risk." Environment 
International 37(4): 743-765. 

Sartin, J. H., C. J. Halsall, et al. (2001). "Determination of biogenic volatile organic compounds (C8–
C16) in the coastal atmosphere at Mace Head, Ireland." Analytica Chimica Acta 428(1): 61-
72. 

Schlink, U., M. Rehwagen, et al. (2004). "Seasonal cycle of indoor-VOCs: comparison of apartments 
and cities." Atmospheric Environment 38(8): 1181-1190. 

Schuetzle, D., W. O. Siegl, et al. (1994). "The Relationship between Gasoline Composition and Vehicle 
Hydrocarbon Emissions - a Review of Current Studies and Future-Research Needs." 
Environmental Health Perspectives 102: 3-12. 

Seizinge.De and Dimitria.B (1972). "Oxygenates in Exhaust from Simple Hydrocarbon Fuels." Journal 
of the Air Pollution Control Association 22(1): 47-&. 



REFERENCES 

64 
 

Singla, V., T. Pachauri, et al. (2012). "Comparison of BTX Profiles and Their Mutagenicity Assessment 
at Two Sites of Agra, India." Scientific World Journal. 

SIS. (2011). "Scientific Instrument Services Online Catalog." from http://www.sisweb.com/. 

Srivastava, A. (2004). "Source apportionment of ambient VOCS in Mumbai city." Atmospheric 
Environment 38(39): 6829-6843. 

Srivastava, A. (2005). "Variability in Voc Concentrations in an Urban Area of Delhi." Environmental 
Monitoring and Assessment 107(1): 363-373. 

Srivastava, P. K., G. G. Pandit, et al. (2000). "Volatile organic compounds in indoor environments in 
Mumbai, India." Science of The Total Environment 255(1–3): 161-168. 

Stavrakou, T., J. F. Muller, et al. (2009). "Evaluating the performance of pyrogenic and biogenic 
emission inventories against one decade of space-based formaldehyde columns." 
Atmospheric Chemistry and Physics 9(3): 1037-1060. 

Stemmler, K., S. Bugmann, et al. (2005). "Large decrease of VOC emissions of Switzerland's car fleet 
during the past decade: results from a highway tunnel study." Atmospheric Environment 
39(6): 1009-1018. 

Sun, Y. X., A. G. Chmielewski, et al. (2009). "Decomposition of toluene in air mixtures under electron 
beam irradiation." Nukleonika 54(2): 65-70. 

Talapatra A., S. A. (2011). "Ambient Air Non-Methane Volatile Organic Compound (NMVOC) Study 
Initiatives in India–A Review." Journal of Environmental Protection 2(1): 21-36. 

Tang, J., C. Y. Chan, et al. (2005). "Volatile organic compounds in a multi-storey shopping mall in 
guangzhou, South China." Atmospheric Environment 39(38): 7374-7383. 

Tenenbaum, D. J. (2003). "A Downward Spiral?: The Hazards of Mosquito Coils." Environ Health 
Perspect 111(12). 

Theloke, J. and R. Friedrich (2007). "Compilation of a database on the composition of anthropogenic 
VOC emissions for atmospheric modeling in Europe." Atmospheric Environment 41(19): 
4148-4160. 

Tiwari, V., Y. Hanai, et al. (2010). "Ambient levels of volatile organic compounds in the vicinity of 
petrochemical industrial area of Yokohama, Japan." Air Qual Atmos Health 3(2): 65-75. 

Toscano, P., B. Gioli, et al. (2011). "Locating industrial VOC sources with aircraft observations." 
Environmental Pollution 159(5): 1174-1182. 

U.S.EPA. (1994). "CHEMICAL SUMMARY FOR 1,2,4-TRIMETHYLBENZENE."   Retrieved May 7, 2012, 
from http://www.epa.gov/chemfact/s_trimet.txt. 

U.S.EPA. (1995). The inside story: A guide to indoor air quality. (EPA document# 402-K-93–007).  
Retrieved from 
http://www.nchh.org/Portals/0/Contents/EPA_Inside_Story_Guide_to_Air_Quality.pdf. 

U.S.EPA. (2009, March 31, 2009). "United States Environmental Protection Agency , Technology 
Transfer Network / National Ambient Air Quality Standards,  Ozone Implementation: 
Definition of Volatile Organic Compounds (VOC)."   Retrieved July 22, 2012, from 
http://www.epa.gov/ttn/naaqs/ozone/ozonetech/def_voc.htm. 



REFERENCES 

65 
 

U.S.EPA. (2010). Conversion Factors for Hydrocarbon  Emission Components. (NR-002d).  Retrieved 
from http://www.epa.gov/oms/models/nonrdmdl/nonrdmdl2010/420r10015.pdf. 

U.S.EPA. (2012, June 21, 2012). "United State Environmental Protection Agency , Indoor Air Quality : 
Volatile Organic Compounds (VOCs) Technical Overview."   Retrieved July 22, 2012, from 
http://www.epa.gov/iaq/voc.html. 

Van Berkel, J. J. B. N., J. W. Dallinga, et al. (2008). "Development of accurate classification method 
based on the analysis of volatile organic compounds from human exhaled air." Journal of 
Chromatography B 861(1): 101-107. 

Van Deun, J., R. De Fré, et al. (2007 ). Measuring fugitive emission in the printing sector as a 
verification of the solvent management plan according to the EU Solvent Directive. In C. 
Borrego and C. A. Brebbia (Eds.), Air Pollution XV Volume 101 of WIT Transactions on 
Ecology and the Environment: WIT Press, 2007. 

Van Langenhove, H. (2010). Volatile Organic Compounds (VOCs). Environmental Chemistry Course 
Notes, University of Ghent, Faculty of Bioscience Engineering: 1-44. 

Verma, D. K. and K. des Tombe (2002). "Benzene in gasoline and crude oil: Occupational and 
environmental implications." Aihaj 63(2): 225-230. 

Volkamer, R., P. Sheehy, et al. (2010). "Oxidative capacity of the Mexico City atmosphere - Part 1: A 
radical source perspective." Atmospheric Chemistry and Physics 10(14): 6969-6991. 

Walgraeve, C., K. Demeestere, et al. (2011). "Diffusive sampling of 25 volatile organic compounds in 
indoor air: Uptake rate determination and application in Flemish homes for the elderly." 
Atmospheric Environment 45(32): 5828-5836. 

Wang, P. and W. Zhao (2008). "Assessment of ambient volatile organic compounds (VOCs) near 
major roads in urban Nanjing, China." Atmospheric Research 89(3): 289-297. 

Wang, X.-m., G.-y. Sheng, et al. (2002). "Urban roadside aromatic hydrocarbons in three cities of the 
Pearl River Delta, People's Republic of China." Atmospheric Environment 36(33): 5141-5148. 

Watson, N., S. Davies, et al. (2011). "Air monitoring: new advances in sampling and detection." 
ScientificWorldJournal 11: 2582-2598. 

WB (2004). Assessing Progress. World Bank Philippines Environment Monitor 2004. Washington D. C. 
20433, U.S.A, World Bank. 

Weschler, C. J. (2009). "Changes in indoor pollutants since the 1950s." Atmospheric Environment 
43(1): 153-169. 

WHO. (2000). (World Health Organization) Benzene. In: Air quality guidelines for Europe, 2nd ed. .  
Copenhagen, World Health Organization Regional Office for Europe Retrieved from 
http://www.euro.who.int/__data/assets/pdf_file/0005/74732/E71922.pdf. 

WHO. (2005). (World Health Organization)  Air quality guidelines for particulate matter, ozone, 
nitrogen dioxide and sulfur dioxide Global update 2005. Summary of risk assessment.  
Retrieved from http://whqlibdoc.who.int/hq/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf. 

Woolfenden, E. (2010a). "Sorbent-based sampling methods for volatile and semi-volatile organic 
compounds in air. Part 2. Sorbent selection and other aspects of optimizing air monitoring 
methods." Journal of Chromatography A 1217(16): 2685-2694. 



REFERENCES 

66 
 

Woolfenden, E. (2010b). "Sorbent-based sampling methods for volatile and semi-volatile organic 
compounds in air: Part 1: Sorbent-based air monitoring options." Journal of Chromatography 
A 1217(16): 2674-2684. 

Wu, S., B. N. Duncan, et al. (2009). "Chemical nonlinearities in relating intercontinental ozone 
pollution to anthropogenic emissions." Geophys. Res. Lett. 36(5): L05806. 

Xiang, Y., H. Delbarre, et al. (2012). "Development of a methodology examining the behaviours of 
VOCs source apportionment with micro-meteorology analysis in an urban and industrial 
area." Environmental Pollution 162(0): 15-28. 

Xiao, H. and B. Zhu (2003). "Modelling Study of Photochemical Ozone Creation Potential of Non-
Methane Hydrocarbon." Water, Air, and Soil Pollution 145(1-4): 3-16. 

Xie, J., X. Wang, et al. (2003). "Determination of tobacco smoking influence on volatile organic 
compounds constituent by indoor tobacco smoking simulation experiment." Atmospheric 
Environment 37(24): 3365-3374. 

Zalel, A., Yuval, et al. (2008). "Revealing source signatures in ambient BTEX concentrations." 
Environmental Pollution 156(2): 553-562. 

Zhao, H., Y. Ge, et al. (2011). "Effects of different mixing ratios on emissions from passenger cars 
fueled with methanol/gasoline blends." Journal of Environmental Sciences 23(11): 1831-
1838. 

Zhao, W. X., P. K. Hopke, et al. (2004). "Source identification of volatile organic compounds in 
Houston, Texas." Environmental Science & Technology 38(5): 1338-1347. 

 

  

 



APPENDICES 

67 
 

APPENDICES 

APPENDIX A 

The 67 standard VOCs used for calibration of the TD-GC-MS are shown together with their characterizing 

ions, the loaded mass, the retention time and RSRF-ethylbenzene-d10 (dimensionless) 

Compounds Ion (SIM) mass (ng) RT (min) 
RSRF 

Ethylbenzene-d10 

(Cyclo)Alkanes 
    n-hexane 41, 71, 86 32.95 5.88 0.13 

n-heptane 70, 71, 100 34.20 12.64 0.34 

n-octane 71, 85, 114 35.15 22.33 0.31 

n-nonane 57, 85, 128 35.90 28.28 0.37 

n-decane 75, 85, 142 36.50 31.71 0.11 

n-dodecane 57, 85, 170 37.65 36.61 0.45 

n-undecane 57, 85, 156 37.00 34.36 0.39 

2-methylpentane 
 

32.65 4.74 0.27 

methylcyclopentane 55, 70 37.45 7.23 0.06 

cyclohexane 84, 15 38.95 9.32 0.16 

Aromatic hydrocarbons 
    benzene 52,63,77,78 43.70 8.73 0.77 

toluene 65, 91, 92 43.30 17.89 1.17 

ethylbenzene 91, 106 43.35 25.91 1.01 

p-xylene 91, 105, 106 43.30 26.44 1.17 

m-xylene 91, 105, 106 43.40 26.39 1.21 

o-xylene 91, 105, 106 43.90 27.52 1.21 

styrene 51, 78, 104 45.45 27.32 1.03 

n-propylbenzene 91, 92, 120 43.10 30.02 1.25 

1,2,4-trimethylbenzene 105, 120 44.00 31.37 1.29 

1-bromo-4-fluorobenzene 75, 95, 174, 176 79.65 28.59 0.85 

Phenol 65, 66, 94 53.50 30.68 0.51 

Oxygenated compounds 
    Aldehydes 
    hexanal 44, 56, 72, 82 40.75 20.26 0.22 

heptanal 44, 70, 96 41.00 27.48 0.20 

benzaldehyde 77, 105, 106 52.50 29.70 0.76 

n-Butyraldehyde (butanal) 41, 44, 45, 72 40.85 4.90 0.17 

Isobutyraldehyde 41, 43, 72 39.50 4.01 0.26 

3-methylbutyraldehyde 41, 42, 43, 58, 71, 86 39.80 7.75 0.20 

Alcohols 
    1-butanol 28,31,33,56 40.50 8.90 0.13 

1-pentanol 29, 31, 55, 75, 70 40.55 20.65 0.12 

2-ethyl-1-hexanol 31, 56, 70, 83, 112 41.65 32.23 0.38 

1-Octanol 68, 69, 70, 83, 84, 112 41.35 33.31 0.34 

3-methyl-1-butanol 29, 31, 42, 70 40.00 15.00 0.18 

Ketone 
    2-butanone 72, 11 40.30 5.04 0.29 

2-hexanone 43, 71, 85, 100 40.60 19.35 0.32 

2-heptanone 43, 71, 85, 100 41.00 26.99 0.24 

2-octanone 58, 113, 128 40.95 30.88 0.24 

5-nonanone 85, 100, 142 41.00 33.31 0.32 

5-Methyl-3-heptanone 85, 100, 142 41.15 29.30 0.86 

acetophenone 77, 105, 120 51.50 33.05 0.79 

Esters 
    ethyl acetate 61, 70, 88 45.10 5.96 0.11 

n-propylacetate 61, 73 44.00 12.74 0.13 

methylbenzoate 77, 105, 136 54.00 33.93 1.02 

Other oxygenated compounds 
    Furan 39, 68, 69 46.80 3.04 0.27 

2-methylfuran 53, 81, 82 45.50 5.71 0.45 

tetrahydrofuran 41, 71, 72 44.45 6.69 0.28 

Halogenated compounds 
    Chloroform 47, 83, 85 74.60 6.11 0.38 

carbon tetrachloride 117,119,121 79.70 9.11 0.22 
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Compounds Ion (SIM) mass (ng) RT (min) 
RSRF 

Ethylbenzene-d10 

dichloromethane 49, 84, 86 66.25 3.52 0.21 

chlorobenzene 77, 112, 114 55.38 24.77 0.67 

1,3-Dichlorobenzene 
 

64.40 31.64 1.01 

1,2,4-trichlorobenzene 145, 180, 182, 184 72.70 10.91 0.93 

1,3,5-Triisopropylbenzene 
 

42.70 38.82 1.41 

1,1,2-trichlorethane 61, 97, 99, 132 71.75 3.70 0.32 

1,2-dichloroethane 62, 64, 98, 100 62.65 7.32 0.16 

1,2 Dichloorpropaan 62, 64, 98, 100 57.80 36.25 0.20 

1,1,2-trichlorotrifluoroethane 101, 103, 151, 153 78.50 17.06 0.06 

1,1,1,2 Tetrachloorethaan 101,103,151,153 79.90 24.80 0.55 

trichloroethylene 95, 97, 130, 132 73.00 11.66 0.64 

tetrachloroethylene 95,97,130,132 81.15 22.37 0.55 

chlorobenzene 131, 164, 166, 168 55.38 24.77 0.67 

1,2,4-trichlorobenzene 77, 112, 114 72.70 10.91 0.93 

Sulfur Containing Compounds 
    Dimethyldisulfide 45, 79, 94 53.13 15.20 0.00 

Carbondisulfide 44, 76 63.00 3.79 0.31 

Nirogen Containing Compound 
    Benzonitrile 76, 103, 104 50.50 30.32 0.98 

Silicon Containing Compound 
    Trimethoxymethylsilane 91, 105, 121 48.00 13.97 0.20 

Hexamethyldisiloxane 73, 147, 148, 149 38.20 11.63 1.32 

Terpene 
    α-pinene 92, 93, 121, 136 42.90 29.66 0.77 

limonene 68, 93, 107, 121, 136 43.50 34.11 0.33 

Linalool 71, 93, 121, 136 43.50 34.11 0.33 

Internal standard 

    tolueen-d8 (Tol-d8) 98, 100 47.00 17.53 1.13 

ethylbenzene-d10 (Eb-d10) 98, 116     1.00 
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APPENDIX B - Ambient VOC concentration in the  urban environment 

Appendix B-1:  VOC concentrations  (µg/m3) measured at Urban park- (Manila Philippines , 2011) 
( D= Detected, ND = Not Detected, TVOCs = Total Volatile Organic Compounds) 
Sampling Location Urban Park 
Sampling Date 8/25/2011 8/25/2011 8/26/2011 8/26/2011 9/3/2011 9/3/2011 
Sampling Time AM PM AM PM AM PM 
Ave Temperature 28.6 29.4 29.3 28.4 30.4 30.8 
Ave Relative Humidity % 81.3 80.1 80.8 78.8 79.6 74.8 

(Cyclo-)alkanes             
n-Hexane ND ND ND ND ND 0.4 
n-Heptane 0.9 0.4 0.4 0.3 0.1 0.3 
n-Octane 0.6 0.4 0.3 0.3 0.1 0.3 
n-Nonane 1.7 0.8 0.8 0.8 0.4 0.7 
n-Decane 2.9 1.7 0.7 1.0 0.1 1.4 
n-Undecane 2.1 2.2 0.8 0.7 0.2 1.5 
Dodecane 2.5 2.5 0.7 0.9 D 1.4 
2-Methylpentane ND ND ND ND ND ND 
Methylcyclopentane ND ND ND ND D ND 
Cyclohexane 0.2 0.1 0.0 ND 0.0 0.6 

Total 10.7 8.0 3.7 4.2 1.0 6.6 
Aromatic compounds             
Benzene 1.6 1.0 0.7 0.5 0.5 0.8 
Toluene 5.7 3.3 2.9 3.1 2.5 1.5 
Ethylbenzene 1.1 0.6 0.7 0.6 0.5 0.3 
m+p-Xylene 3.4 1.9 2.1 1.6 1.1 1.1 
o-Xylene 1.7 0.9 1.1 0.9 0.6 0.6 
Styrene 0.8 0.2 0.2 0.2 0.0 0.2 
Propylbenzene 0.5 0.4 0.3 0.2 0.1 0.2 
1,2,4 Trimethylbenzene 3.0 2.6 2.3 1.5 0.9 1.6 
Benzonitrile 0.8 0.9 0.9 0.7 1.0 0.7 
Phenol 1.5 1.6 2.0 1.9 0.6 2.0 

Total 20.1 13.4 13.3 11.2 8.0 9.1 
Aldehydes             
n-Butyraldehyde 1.1 ND D D D 0.6 
Hexaldehyde 1.0 D 0.1 ND ND 0.5 
Heptaldehyde 1.3 0.1 ND 0.28 ND 1.1 
Benzaldehyde 5.8 4.2 4.9 3.3 1.6 5.4 

Total 9.2 4.3 5.0 3.6 1.6 7.6 
Alcohols             
1-butanol ND ND ND ND ND ND 
2-ethyl-1-hexanol 1.0 1.7 2.9 1.2 3.3 0.9 

Total 1.0 1.7 2.9 1.2 3.3 0.9 
Ketones             
2-butanone 1.4 0.4 0.6 0.2 0.2 0.9 
2-Hexanone ND 0.0 0.0 0.1 ND D 
2-heptanone D D 0.2 D ND 0.5 
Acetophenone 3.2 2.8 2.6 2.1 1.2 3.1 

Total 4.6 3.2 3.5 2.4 1.4 4.6 
Other oxygenated compounds             
Ethylacetate ND ND ND ND ND ND 
2-Methyl-Furan ND ND 0.3 ND ND ND 

Total 0.00 0.00 0.3 0.00 0.00 0.00 
Halogenated compounds             
CCl4 0.2 0.2 0.1 0.2 0.1 0.2 
Trichlororethylene ND ND D ND ND ND 
Tetrachlororethylene ND ND 1.1 ND ND ND 

Total 0.2 0.2 1.3 0.2 0.1 0.2 
Terpene             
α-pinene D D D D D D 
Limonene  0.4 D 0.3 0.2 0.1 0.3 

Total 0.4 0.0 0.3 0.2 0.1 0.3 

TVOCs 46 31 30 23 16 29 
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Appendix B-2 VOC concentration  (µg/m3) measured at roadside  (Pasay City- Manila Philippines , 
2011)( D= Detected, ND = Not Detected, TVOCs = Total Volatile Organic Compounds) 
Sampling Location Urban Roadside  
Sampling Date 8/25/2011 8/25/2011 8/26/2011 9/1/2011 9/3/2011 9/3/2011 
Sampling Time AM PM AM PM AM PM 
Ave Temperature 30.1 30.5 31.05 26.6 31.85 29.7 
Ave Relative Humidity % 70.1 71.6 73.6 85.6 60 74 

(Cyclo-)alkanes             
n-Hexane 1.9 1.7 2.0 6.5 1.9 2.3 
n-Heptane 2.5 2.5 2.8 5.9 2.5 2.8 
n-Octane 1.6 1.6 1.4 3.3 1.3 1.4 
n-Nonane 2.7 2.9 3.2 4.8 2.5 2.0 
n-Decane 3.1 4.1 2.7 4.1 2.4 2.8 
n-Undecane 4.2 4.3 4.2 6.6 3.8 4.7 
Dodecane 4.6 4.7 4.6 7.2 4.0 5.3 
2-Methylpentane 1.4 1.2 1.9 5.7 1.5 2.1 
Methylcyclopentane 0.3 0.4 D 2.8 0.4 0.8 
Cyclohexane D 0.2 0.4 0.6 D 0.3 

Total 22.2 23.4 23.1 47.7 20.3 24.4 
Aromatic compounds             
Benzene 5.7 5.5 6.3 13.5 5.3 5.8 
Toluene 16.3 17.2 16.9 38.6 15.6 18.5 
Ethylbenzene 5.4 5.6 5.4 8.0 4.3 4.2 
m+p-Xylene 14.5 17.1 15.3 24.4 12.7 12.8 
o-Xylene 8.2 9.4 6.1 12.8 7.1 6.4 
Styrene 2.5 2.8 1.3 2.7 1.6 1.1 
Propylbenzene 2.4 2.8 2.6 5.0 2.3 2.5 
1,2,4 Trimethylbenzene 15.9 18.0 15.4 26.0 14.6 16.5 
Benzonitrile 2.8 2.7 2.3 2.8 1.5 2.1 
Phenol 2.8 3.9 2.0 2.4 2.3 2.4 

Total 76.5 85.0 73.6 136.0 67.3 72.2 
Aldehydes             
n-Butyraldehyde 0.3 ND 0.4 0.5 ND 0.4 
Hexaldehyde D ND D D D ND 
Heptaldehyde ND ND ND ND ND ND 
Benzaldehyde 8.7 8.2 8.2 10.2 5.9 7.9 

Total 9.0 8.2 8.6 10.7 5.9 8.3 
Alcohols             
1-butanol ND ND ND ND ND ND 
2-ethyl-1-hexanol D D ND D D ND 

Total 0.0 0.0 0.0 0.0 0.0 0.0 
Ketones             
2-butanone 0.7 0.6 0.9 1.1 0.5 0.6 
2-Hexanone 0.1 0.1 0.1 0.2 0.1 0.1 
2-heptanone 0.6 D 0.4 1.0 0.3 D 
Acetophenone 6.3 6.9 5.7 6.0 4.7 6.1 

Total 7.7 7.5 7.1 8.3 5.5 6.8 
Other oxygenated compounds             
Ethylacetate ND ND ND ND ND ND 
2-Methyl-Furan D ND D 0.07 ND ND 

Total 0.0 0.0 0.0 0.1 0.0 0.0 
Halogenated compounds             
CCl4 0.1 0.1 0.1 0.2 0.1 0.2 
Trichlororethylene ND ND ND ND ND ND 
Tetrachlororethylene ND ND ND ND ND ND 

Total 0.1 0.1 0.1 0.2 0.1 0.2 
Terpene             
α-pinene D D D 0.1 D D 
Limonene  0.9 0.9 0.6 1.1 0.3 0.7 

Total 0.9 0.9 0.6 1.2 0.3 0.7 

       TVOCs 116 125 113 204 100 113 
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APPENDIX C Ambient VOC concentration in the industrial environment 

Appendix C-1 :  VOC concentration  (µg/m3) measured at industrial location 1 -( Calamba, Laguna 
Philippines , 2011) ( D= Detected, ND = Not Detected, TVOCs = Total Volatile Organic Compounds) 
Sampling Location Industrial location 1 (Calamba, Laguna)   
Sampling Date 9/9/2011 9/10/2011 9/12/2011 9/12/2011 9/13/2011 9/13/2011 
Sampling Time AM PM AM PM AM PM 
Ave Temperature 33.2 29 32.3 33.6 28.4 27.8 
Ave Relative Humidity % 64.5 82.1 61.2 60.5 79.3 84.8 

(Cyclo-)alkanes             
n-Hexane 1.5 0.2 4.5 3.3 5.4 7.9 
n-Heptane 1.8 0.9 1.7 0.9 2.0 2.7 
n-Octane 1.4 0.5 0.9 0.6 1.8 1.9 
n-Nonane 1.5 1.0 1.5 1.4 1.0 1.1 
n-Decane 1.6 0.7 0.8 3.4 0.5 0.9 
n-Undecane 2.2 0.7 0.9 3.9 0.4 0.3 
Dodecane 2.3 0.7 0.6 2.2 0.3 D 
2-Methylpentane 0.4 ND 2.9 1.0 2.8 4.0 
Methylcyclopentane ND ND 0.9 0.1 1.1 1.8 
Cyclohexane 0.3 0.1 0.3 0.5 0.6 0.8 

Total 13.0 4.7 14.9 17.3 15.9 21.5 
Aromatic compounds             
Benzene 3.1 1.4 3.4 1.6 3.2 4.3 
Toluene 12.1 7.8 10.6 7.1 19.9 18.1 
Ethylbenzene 47.8 1.4 2.2 7.2 46.2 56.0 
m+p-Xylene 120.7 4.3 6.0 18.7 101.8 114.4 
o-Xylene 57.6 2.2 3.0 8.5 44.6 50.1 
Styrene 0.6 0.1 0.9 0.2 0.4 0.6 
Propylbenzene 1.4 0.5 0.7 0.6 0.8 0.9 
1,2,4 Trimethylbenzene 18.7 3.8 4.6 5.5 11.5 14.4 
Benzonitrile 1.8 0.8 1.1 0.5 1.0 1.4 
Phenol 2.2 0.8 1.0 0.8 0.3 0.3 

Total 266.05 23.23 33.44 50.67 229.71 260.51 
Aldehydes             
n-Butyraldehyde 1.1 ND 0.3 0.3 0.9 1.3 
Hexaldehyde ND ND 0.2 0.0 0.1 ND 
Heptaldehyde ND ND ND ND ND ND 
Benzaldehyde 4.1 1.3 3.2 1.3 1.6 1.8 

Total 5.2 1.3 3.7 1.6 2.6 3.2 
Alcohols             
1-butanol 94.3 ND ND 8.4 96.5 117.9 
2-ethyl-1-hexanol D 0.8 0.8 0.2 D D 

Total 94.3 0.8 0.8 8.6 96.5 117.9 
Ketones             
2-butanone 11.1 0.4 2.1 2.1 27.5 29.6 
2-Hexanone D ND 0.0 0.0 ND ND 
2-heptanone 0.2 0.0 0.1 D 0.1 0.1 
Acetophenone 8.9 1.8 2.6 3.1 2.4 5.2 

Total 20.2 2.2 4.9 5.2 30.0 35.0 
Other oxygenated compounds             
Ethylacetate 38.8 ND 0.5 3.9 23.1 33.9 
2-Methyl-Furan ND ND ND ND ND ND 

Total 38.8 0.0 0.5 3.9 23.1 33.9 
Halogenated compounds             
CCl4 0.2 0.2 0.2 0.2 0.2 0.2 
Trichlororethylene ND ND ND D ND ND 
Tetrachlororethylene ND ND ND ND ND ND 

Total 0.2 0.2 0.2 0.2 0.2 0.2 
Terpene             
α-pinene D 0.1 D 0.1 D 0.0 
Limonene  D 0.1 D D D D 

Total 0.0 0.2 0.0 0.1 0.0 0.0 

TVOCs 438 33 59 88 398 472 
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Appendix C-2:  VOC concentration  (µg/m3) measured at industrial location ( Binan, Laguna 
Philippines , 2011) ( D= Detected, ND = Not Detected, TVOCs = Total Volatile Organic Compounds) 
Sampling Location Industrial location 2 -(Binan ,Laguna)   
Sampling Date 9/14/2011 9/14/2011 9/15/2011 9/15/2011 9/16/2011 9/16/2011 
Sampling Time AM PM AM PM AM PM 
Ave Temperature 31.4 31.1 29.8 31.4 31.2 32.7 
Ave Relative Humidity % 63.8 62.1 76.6 71.9 70.4 63.8 

(Cyclo-)alkanes             
n-Hexane 3.9 4.0 2.0 4.5 3.7 3.2 
n-Heptane 0.5 0.9 0.7 1.0 0.8 0.5 
n-Octane 0.4 0.5 0.4 0.7 0.9 0.5 
n-Nonane 0.9 1.1 1.1 1.5 2.5 2.3 
n-Decane 1.6 2.1 3.2 2.8 4.6 4.5 
n-Undecane 2.3 3.0 3.3 16.6 3.7 6.0 
Dodecane 0.7 1.0 2.0 16.5 1.9 7.3 
2-Methylpentane 1.1 1.5 1.2 1.9 1.3 0.8 
Methylcyclopentane 0.3 0.5 ND 0.7 0.4 0.3 
Cyclohexane 0.4 0.2 0.1 0.2 0.4 0.3 

Total 12.3 14.6 14.0 46.5 20.1 25.6 
Aromatic compounds             
Benzene 1.2 1.6 1.8 1.6 1.4 1.0 
Toluene 4.0 6.0 10.0 6.0 4.3 3.9 
Ethylbenzene 3.6 3.2 14.5 5.8 19.1 3.3 
m+p-Xylene 5.3 5.4 13.5 7.6 16.9 4.9 
o-Xylene 2.3 2.7 5.5 3.5 6.5 2.7 
Styrene 0.3 0.7 0.2 0.2 0.2 0.2 
Propylbenzene 1.1 1.9 1.3 1.0 0.8 6.6 
1,2,4 Trimethylbenzene 9.8 12.3 9.7 7.7 7.6 29.0 
Benzonitrile 1.9 2.4 1.3 1.6 1.0 2.0 
Phenol 1.6 0.7 1.1 2.0 2.4 0.6 

Total 31.2 36.8 59.0 37.0 60.1 54.2 
Aldehydes             
n-Butyraldehyde 0.2 ND D ND 0.4 D 
Hexaldehyde D ND 0.0 0.2 0.6 D 
Heptaldehyde ND ND ND ND ND ND 
Benzaldehyde 3.0 2.7 1.6 2.3 3.6 1.9 

Total 3.3 2.7 1.6 2.6 4.5 1.9 
Alcohols             
1-butanol ND ND ND ND ND ND 
2-ethyl-1-hexanol 4.5 D 2.7 0.6 3.8 0.9 

Total 4.5 0.00 2.7 0.6 3.8 0.9 
Ketones             
2-butanone 0.8 0.6 0.6 0.9 10.6 1.9 
2-Hexanone 0.0 D ND 0.01 0.05 ND 
2-heptanone 0.1 0.1 0.1 0.1 0.2 0.1 
Acetophenone 3.3 2.1 3.1 3.5 6.9 1.1 

Total 4.2 2.8 3.8 4.5 17.8 3.1 
Other oxygenated compounds             
Ethylacetate 1.5 1.0 ND 0.7 ND 0.2 
2-Methyl-Furan ND ND ND ND ND ND 

Total 1.5 1.0 0.0 0.7 0.0 0.2 
Halogenated compounds             
CCl4 0.21 0.22 0.23 0.18 0.20 0.20 
Trichlororethylene ND ND ND ND ND ND 
Tetrachlororethylene 1.48 1.83 0.22 1.10 0.19 0.96 

Total 1.7 2.1 0.4 1.3 0.4 1.2 
Terpene             
α-pinene 0.1 0.1 D D D 0.0 
Limonene  1.1 0.2 0.2 D 0.2 D 

Total 1.1 0.3 0.2 0.00 0.2 0.0 

       TVOCs 60 60 82 93 107 87 
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Appendix D Indoor VOC concentration - Urban and industrial Environment  

Appendix D-1 Indoor VOC concentration  (µg/m3) measured at urban area- (Pasay City Manila 

Philippines , 2011)  ( D= Detected, ND = Not Detected, TVOCs = Total Volatile Organic Compounds) 

Sampling Location Indoor sample (Urban area) -Pasay City ,Manila   
Sampling Date 8/25/2011 8/25/2011 8/26/2011 8/26/2011 9/3/2011* 9/3/2011* 
Sampling Time AM PM AM PM AM PM 
Ave Temperature 30.1 30.2 28.2 31.4 31.1 30.3 
Ave Relative Humidity % 77.8 79.9 78.9 75.6 74.3 77.3 

(Cyclo-)alkanes             
n-Hexane ND 0.1 ND ND ND 0.8 
n-Heptane 0.6 1.9 0.6 0.4 5.2 7.1 
n-Octane 0.8 1.6 0.8 0.5 18.3 23.8 
n-Nonane 3.7 6.6 4.0 2.5 124.4 157.0 
n-Decane 7.2 10.8 8.3 4.7 229.0 330.7 
n-Undecane 7.1 10.1 9.2 4.8 169.5 245.6 
Dodecane 6.1 6.6 7.6 3.6 105.8 167.9 
2-Methylpentane ND 0.2 ND ND ND ND 
Methylcyclopentane ND ND ND ND ND ND 
Cyclohexane ND 0.0 ND ND D 0.6 

Total 25.4 37.9 30.5 16.4 652.1 933.4 
Aromatic compounds             
Benzene 1.0 2.3 1.2 0.6 1.2 1.2 
Toluene 9.9 15.7 6.9 5.3 11.6 12.9 
Ethylbenzene 2.0 3.9 1.3 1.1 7.1 9.1 
m+p-Xylene 5.3 9.6 4.0 2.9 24.9 32.8 
o-Xylene 3.0 5.3 2.3 1.5 15.5 22.4 
Styrene 0.4 0.9 0.5 0.2 0.2 0.3 
Propylbenzene 0.9 1.5 0.7 0.5 9.0 18.5 
1,2,4 Trimethylbenzene 5.3 8.1 5.1 3.2 63.3 98.8 
Benzonitrile 1.0 1.5 1.1 0.7 3.0 5.1 
Phenol 2.5 3.2 2.4 1.5 5.8 10.7 

Total 31.2 51.9 25.5 17.5 141.5 211.8 
Aldehydes             
n-Butyraldehyde D 0.6 D 0.3 0.5 0.8 
Hexaldehyde ND 1.0 0.2 0.1 0.7 0.9 
Heptaldehyde ND D ND ND 2.6 4.5 
Benzaldehyde 3.4 6.9 4.4 2.5 3.7 6.8 

Total 3.4 8.4 4.6 2.9 7.5 12.9 
Alcohols             
1-butanol ND ND ND ND ND ND 
2-ethyl-1-hexanol D D 3.2 1.4 ND ND 

Total 0.0 0.0 3.2 1.4 0.0 0.0 
Ketones             
2-butanone 1.0 1.2 0.9 0.4 0.9 1.2 
2-Hexanone 0.1 0.3 0.1 0.1 0.1 ND 
2-heptanone 0.5 0.9 0.5 0.3 6.8 9.9 
Acetophenone 3.2 4.9 3.6 2.3 35.6 69.1 

Total 4.8 7.4 5.1 3.1 43.5 80.2 
Other oxygenated compounds             
Ethylacetate ND ND ND ND ND ND 
2-Methyl-Furan ND D 0.06 ND ND ND 

Total 0.0 0.0 0.1 0.0 0.0 0.0 
Halogenated compounds             
CCl4 0.1 0.1 0.2 0.1 0.2 0.2 
Trichlororethylene ND ND ND ND ND 0.1 
Tetrachlororethylene ND ND ND ND ND ND 

Total 0.1 0.1 0.2 0.1 0.2 0.2 
Terpene             
α-pinene 0.1 0.1 0.1 D ND ND 
Limonene  5.6 4.5 4.2 2.3 D ND 

Total 5.7 4.6 4.3 2.3 0.0 0.0 

       TVOCs 71 110 74 44 845 1239 

*Samples were excluded in the determination of average urban indoor air concentration due to very high concentration 
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Appendix D-2 Indoor VOC concentration  (µg/m3) measured at industrial location 1 (Calamba, Laguna 

Philippines , 2011) ( D= Detected, ND = Not Detected, TVOCs = Total Volatile Organic Compounds) 

Sampling Location Indoor sample(Industrial  area) -Calamba Laguna 
Sampling Date 9/10/2011 9/10/2011 9/12/2011 9/12/2011 9/13/2011 9/13/2011 
Sampling Time AM PM AM PM AM PM 
Ave Temperature 33.2 29 32.3 33.6 28.4 27.8 
Ave Relative Humidity % 64.5 82.1 61.2 60.5 79.3 84.8 

(Cyclo-)alkanes             
n-Hexane 5.1 4.7 5.4 2.6 2.2 4.2 
n-Heptane 1.3 0.9 0.4 0.5 0.5 0.3 
n-Octane 0.9 0.8 0.3 0.3 0.3 0.3 
n-Nonane 0.7 0.6 0.7 0.9 0.7 0.7 
n-Decane 0.2 0.1 1.2 0.9 0.4 0.5 
n-Undecane 0.2 0.3 1.6 1.2 0.6 0.7 
Dodecane ND D 0.2 0.2 D D 
2-Methylpentane 2.1 2.0 1.9 0.8 1.2 1.9 
Methylcyclopentane 0.8 0.5 0.7 D 0.1 0.6 
Cyclohexane 0.5 0.6 1.0 0.4 0.2 0.4 

Total 11.6 10.5 13.4 7.8 6.1 9.7 
Aromatic compounds             
Benzene 3.2 2.5 2.1 1.5 2.3 1.6 
Toluene 7.8 6.6 8.2 17.4 7.3 8.4 
Ethylbenzene 13.4 11.3 1.1 1.5 1.7 0.9 
m+p-Xylene 47.7 40.6 3.3 4.8 4.8 2.8 
o-Xylene 24.5 21.1 1.7 2.2 2.2 1.4 
Styrene 0.5 0.5 0.6 0.5 0.8 0.5 
Propylbenzene 4.1 4.3 0.4 0.4 0.4 0.3 
1,2,4 Trimethylbenzene 42.3 46.3 2.4 2.9 2.2 1.8 
Benzonitrile 3.0 2.9 1.5 1.2 1.8 1.6 
Phenol 0.8 0.8 2.8 1.8 2.9 2.4 

Total 147.3 137.0 24.0 34.2 26.4 21.7 
Aldehydes             
n-Butyraldehyde 0.5 0.5 D 0.3 0.3 0.3 
Hexaldehyde 0.0 ND 0.1 ND 0.1 0.0 
Heptaldehyde ND ND ND ND 0.3 ND 
Benzaldehyde 2.5 3.0 2.0 1.2 2.6 2.2 

Total 3.1 3.4 2.1 1.5 3.3 2.5 
Alcohols             
1-butanol 26.2 22.0 ND ND ND ND 
2-ethyl-1-hexanol 2.3 2.8 5.3 8.7 10.9 7.8 

Total 28.6 24.8 5.3 8.7 10.9 7.8 
Ketones             
2-butanone 6.0 4.7 2.2 0.7 2.1 1.2 
2-Hexanone ND ND 0.0 0.0 ND 0.0 
2-heptanone D D D 0.1 0.2 D 
Acetophenone 3.2 2.9 1.7 1.3 1.4 1.3 

Total 9.2 7.6 3.9 2.2 3.7 2.5 
Other oxygenated compounds             
Ethylacetate 26.8 32.2 ND ND ND 0.9 
2-Methyl-Furan ND D 0.2 0.1 0.5 0.2 

Total 26.8 32.2 0.2 0.1 0.5 1.1 
Halogenated compounds             
CCl4 0.2 0.2 0.2 0.2 0.2 0.2 
Trichlororethylene ND 0.3 ND 1.9 ND 0.1 
Tetrachlororethylene ND ND ND ND ND 0.1 

Total 0.2 0.5 0.2 2.1 0.2 0.4 
Terpene             
α-pinene D D 0.1 0.1 0.2 0.1 
Limonene  0.1 0.5 1.7 1.9 8.0 4.6 

Total 0.1 0.5 1.8 2.0 8.2 4.7 

       TVOCs 227 217 51 59 59 50 
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