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CHAPTER I  

INTRODUCTION 

1.1 Background and Rational 

 For the past few decades, the problem of air pollution in Bangkok has been exacerbated 

by increasingly crowded traffic and transportation, the major sources of pollution. As a result, 

volatile organic compounds from the exhaust of vehicles have also increased following the 

rising number of vehicles (Pollution Control Department, Ministry of Natural Resources and 

Environment, 2013). 

 Benzene and Toluene are naturally arising volatile organic compounds commonly 

found in crude oil (Maryland Department of The Environment, 2007) categorized under the 

aromatic hydrocarbons subgroup. They are often emitted into the atmosphere through exhausts 

of aircrafts, automobiles and smokes of tobacco. Benzene and Toluene are also produced and 

utilized during industrial processes, including the refining of coals and petroleum products 

(World Health Organization, 2010) and the making of chemical intermediates and final 

household products ranging from cosmetics to pharmaceuticals (Frederic Leusch and Michael 

Bartkow, 2010). Benzene and Toluene’s wide-ranging utility contributes to considerable annual 

global production—statistically, 8‐10 Benzene million tons of (World Health Organization, 

2000), 5‐10 Toluene million tons (Frederic Leusch and Michael Bartkow, 2010).  

 In general, exposure to Benzene and Toluene components can contribute to both short-

term and long-term health hazards. In the short-run, Benzene and Toluene can cause eye and 

throat irritations, headaches, drowsiness, dizziness, narcosis, and fatigue. In the long run, 

Benzene and Toluene can disrupt hematopoietic system, the central nervous system and the 

reproductive system (Mayurie Gunatilaka, 2003). In addition, Benzene, in particular, is 

carcinogens or cancer-inducing agents (International Agency for Research on Cancer, 1987).  

 According to the Office of Transportation and Air Quality (OTAQ) under the 

Environmental Protection Agency (EPA), indirect exposure to volatile organic compounds, 

especially Benzene and Toluene (BT) can be traced back to career-related involvement with 

fuels and vehicles. Increased incidence and severity of health problems associated with 

exposures to traffic air pollution are apparently observed among those who live or work near 

major roads (Office of Transportation and Air Quality, 2014).  
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 Therefore, this study focuses its attention on indirect exposures to Benzene and 

Toluene among personnel who work in risk areas, in particular, major road with congested. 

While some preliminary researches, have been conducted on exposure of passenger to BTEX 

(Benzene, Toluene, ethyl Benzene and xylene) in public transportation features in Bangkok, 

Thailand (Ongwandee and Chavalparit, 2010), no studies about BTEX effects on health among 

Bangkok Transit System (BTS) sky train security guards—whose working hours could 

potentially expose them to frequent contact with Benzene and Toluene—have been found. 

Therefore, the aim of this study has been narrowed down to examine Benzene and Toluene 

exposure among sky train security guards, defined as those personnel who patrol or station on 

the BTS train platforms and the automatic entry gate at the concourse level. Train drivers and 

ticketing personnel in office room are excluded. 

  

1.2 Research Questions 

 1.2.1 Are there any associations between Benzene and Toluene exposure concentration 

and health symptoms among sky train security guards? 

 1.2.2 Are urinary metabolites of Benzene and Toluene relate to Benzene and Toluene 

exposure concentration among sky train security guards? 

 

1.3 Research Hypothesis 

 1.3.1 There is an association between Benzene and Toluene exposure concentration 

and health symptoms among sky train security guards. 

 1.3.2 Urinary metabolites of Benzene and Toluene are related to Benzene and Toluene 

exposure concentration among sky train security guards. 

 

1.4 Research Objectives 

 1.4.1 General Objective: 

 To investigate an association between Benzene and Toluene exposure concentration 

and health symptoms among sky train security guards. 

1.4.2 Specific Objectives: 

 To quantitatively determine the dose of Benzene and Toluene exposure concentration 

and urinary metabolite concentration among sky train security guards. 

 To find a correlation between Benzene and Toluene exposure concentration and urinary 

metabolite concentration among sky train security guards. 

 To examine association between Benzene and Toluene exposure concentration and 

health symptoms among sky train security guards. 
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1.5 Conceptual Framework 

 

 

 

 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 1 Conceptual Framework 

Independent Variables Dependent Variables 

General Characteristics 

of Security Guards 

 

 Age  

 Gender 

 Weight 

 Height 

 Smoking Behavior 

 House location 
 

Working Characteristics 

 Year of 

Experience 

 Duration of 

working 

 Working Location 

 Mask Usage  

 Position of Station 

Benzene and Toluene 

Exposure Concentration 

Urinary Metabolites of 

Benzene and Toluene  

 

 Hippuric Acid 

 trans, trans 

Muconic Acid 

 

Health Symptoms in the 

current time and in the 

past three months 

 

 Cough/Sneeze 

 Dizziness 

 Drowsiness 

 Eyes irritation  

 Fatigue 

 Headache 

 Nausea  

 Skin irritation 

 Nose irritation 

 Sore throat 

 Throat irritation 
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1.6 Operational Definitions 

 

 Benzene and Toluene exposure level in this case study refers to the contact with 

Benzene, and Toluene through inhalation by sky-train security guards. 

 

 Benzene and Toluene exposure refers to the numerical concentration of Benzene and 

Toluene measured from the individual’s BTEX exposure (µg/m3). 

 

 Health symptoms in this study refers to acute symptoms from Benzene and Toluene 

exposure consisting of cough/sneeze, dizziness, drowsiness, nose irritation, eyes, skin and 

throat irritations, fatigue, headaches, and mucous irritation. 

 

 Sky trains security guards refers to those security personnel who patrol or station on 

the train platforms and the concourse level (to ensure safety of customers). 

 

 Bangkok Mass Transit System (BTS) refers to transportation service (system) by 

electric sky train in Bangkok, Thailand. 

 

 Smoking behavior refers to the ways in which participants are exposed (or not 

exposed) to smoking. These include both direct and passive smoking. Direct smokers are 

categorized into those who are currently smoking and those who smoked in the past but not in 

the present. Passive smokers include both smokers and non-smokers exposed to family 

members who smoke at present. 

 

 House location refers to the home place where the security guard is shelters at and 

could be nearly the air pollution source, for example, nearly the major road, and nearly the 

building.  

 

 Year of experience refers to number of years that security guards have experience in 

their jobs segment. 

 

 Duration of work refers to the security guard’s morning shift, which lasts for about 8 

hours. 

 

 Working location refers to the designated place where the security guard is stationed 

at, in this case, behind the yellow line near the train platform, and stationed at ticket level and 

concourse level.   
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 Urinary metabolites in this case refers to the intermediates or biomarkers and products 

of urine metabolism from an interaction between Benzene and Toluene and cell that is 

determined in the human body. The urinary metabolite of Benzene is trans,trans-muconic acid 

(t,t-muconic acid)  due to it can be detected at low level exposure (Scherer, Renner, and Meger, 

1998)  and more sensitive and reliable indicators than other metabolites of benzene exposure, 

and hippuric acid is urinary metabolite of Toluene (µg/g creatinine) due to it can be detected in 

high amounts. 

 
 Creatinine refers to normal waste product come from the break-down of muscle tissue 

in the body. Healthy kidneys filter creatinine and other waste products from the blood and send 

them out of body through urine. For a creatinine urine test, measure the amount of creatinine in 

urine and can help to evaluate how well your kidneys filter waste. Creatinine is released into 

the circulation at a relatively constant rate. Thus, the serum creatinine concentration is usually 

stable. As a consequence, creatinine adjustment has been used to remove the influence of the 

effect of urine dilution on exposure biomarkers measured in spot samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

6 

CHAPTER II  

LITERATURE REVIEW 

2.1 VOCs Situation, Thailand 

 Air quality situation in Thailand as a whole in 2011 is more serious than that of the 

past because of weather and drought.  

 According to PCD report in 2009 (Air Quality and Noise Management Bureau and 

Pollution Control Department, 2009; Pollution Control Department, Air Quality and Noise 

Management Bereau, 2009), entitled Development of Environmental Emission Standards of 

Volatile Organic Compounds (VOCs) in Thailand, the overall data of Benzene and Toluene 

utilization—importation, exportation, production and consumption that illustrated in demand – 

supply form, were shown in figure 2 and 3, respectively. From figure 2, the demand – supply 

data of benzene from 2001 - 2005 was clearly shown that export, production and consumption 

from 2002 was continually rising up in every year until 2005. In 2005, it was noticeable that 

the consumption slightly got down. It might be due to their toxicity and banning of that chemical 

or usage of other chemical replacement.  

 
Figure 2 Demand – Supply of Benzene (PCD, 2009) 

  

 In terms of figure 3, the exportation of Toluene continually increased from 2001 to 

2003, then, it decreased in 2004 and 2005, respectively. In the same way, the production 

increased in 2002 and 2003 while in 2004 and 2005, it widely decreased from 2003. 

 In the Bangkok area, dust pollution problems mostly occur on the roadside, primarily 

due to the improvement of transportation. From figure 4, in 2008, It’s noticeable that Benzene 

level were higher level than the standard in all areas. However, the levels descended from the 
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previous year due to improved new vehicle standards and fuel standards. Using more 

environmentally friendly vehicles and fuels may help to steadily decrease these problems 

(Pollution control Department, Ministry of Natural Resources and Environment, 2012, 2013). 

Still, from 2007 to the present, the average annual amount of dust and the maximum amount of 

dust in some locations, measured by the Pollution Control Department, remain in excess of the 

desired standard amount. 

 
Figure 3 Demand – Supply of Toluene (PCD, 2009) 

 

 Pollution that exceeds the standard in most parts of the country—the ozone (O3)—was 

found to be the highest in metropolitan areas. In addition, it was also found that volatile organic 

compounds (VOCs) and particulate matter with the size of less than 2 .5 microns (PM 2.5 are 

present in notable amount in some areas. VOCs are measured at multiple inspection points 

across 1 8 areas in six provinces, including Bangkok, Pathumthani, Rayong, Chiang Mai, Khon 

Kaen and Songkhla. The investigation found that Benzene is still a major problem in the 5 

provinces except Pathumthani. 

 Problem areas were rated according to the amount of dust found at the corresponding 

inspection points and were given rankings. For Bangkok, Rama 6 Road was ranked 6 and 

Chatuchak Road was ranked 7 overall. VOCs in the atmosphere have been measured in 

Bangkok and its metropolitan, Rayong, Chiangmai, Phuket and Khon Kaen. Benzene, one of 

the VOCs, was found to exceed the standard in all provinces. Chloroform was also discovered 

to surpass the standard at two inspection points—one in Bangkok and one in Rayong. 

Furthermore, 1,3-butadiene and 1,2-dichloroethane were beyond acceptable standard in one 

Rayong inspection point. Meanwhile, there were five types of VOCs that manage to stay within 

the required standard (Pollution Control Department, Ministry of Natural Resources and 

Environment, 2013). 
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Figure 4 Highest 12-Month Moving-Average Benzene Amount (in µg/m3) in the Atmosphere 

in Different Thai Provinces from 2008 to 2012  

(Pollution Control Department and Environment, 2012) 

 

2.2 Distribution of Benzene and Toluene 

 Benzene and Toluene are emitted into the atmosphere in the exhaust smoke form. 

According to the previous study found that, emission of pollutants into the atmosphere depends 

on ambient temperature, wind, atmospheric pressure and natural radioactivity. Meanwhile, 

pollutants concentration inverses with wind speed, high pollutants concentration but wind speed 

is low. On the other hand, wind direction does not affect to the concentration of pollutants 

(Pimla Raddawannapong, 2011) . Distribution of the smoke depends on the temperature which 

will change with height. Distribution of the smoke can be classified into 6 features: Looping, 

Coning, Fanning, Fumigation, Lofting and Trapping (Watcharadetch Thaiwat, 2009). The 

figure of smoke distribution is shown below (figure 5). 

 

Figure 5 Smoke distribution  

(Watcharadetch Thaiwat, 2009) 
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 In addition, narrow roads and high buildings at roadside can cause important effects on 

the atmospheric dispersion of pollutants. It cause at that roadside has more concentration of 

pollutants than the surrounding (Caselli, de Gennaro, Marzocca, Trizio, and Tutino, 2010). 

Moreover, to support the fact that Benzene and Toluene can be detected at the electric sky-train 

station—12 meters from ground. Lin CC et al (2011) studied on vertical and diurnal 

characterization of volatile organic compounds in ambient air in urban areas during four period 

rush hours at the height 2, 13, 32, 58 and 111 meters of a skyscraper building, BTEX levels at 

32 and 13 meters were higher than the BTEX levels at the ground, respectively. The researchers 

also concluded that BTEX levels associated with transportation activities of vehicles (Lin, Lin, 

Hsieh, Chen, and Wang, 2011). 

2.3 Chemical and Physical Property of Benzene and Toluene 

 2.3.1 Benzene 

 

 Benzene—volatile organic chemical—is widely utilized in the industry and also a 

component of gasoline. Benzene can enter the body through inhalation and absorption through 

the skin and the digestive tract (United States Environmental Protection Agency, 2002). 

 Benzene affects to the whole body both in the short and long term. For health effects 

in the short term, Benzene causes drowsiness, dizziness, nausea, vomiting, and headache. In 

the long term, Benzene causes leukemia and anemia because it destroys the body's immune 

system. If people receive Benzene in very high doses for a long time, it   may causes death.  

The detection of Benzene in the body can be studied through blood and urine. In the case of 

urine test, the t,t-muconic acid, a metabolite of Benzene potentially present in the urine, is 

examined (Mayurie Gunatilaka, 2003). ACGIH and OSHA suggested concentration levels of 

Benzene’s biomarker in urine (trans, trans Muconic acid; t,t-MA) which detected at the end of 

work shift as Biological Exposure Index (BEI) should be no greater than 500 µg/g creatinine 

(Occupational Safety and Health Administration, 2012). 
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Table 1 Physical and chemical properties of Benzene 

 

Property Information 

Chemical Name Benzene 

Chemical Formula C6H6 

Molecular Weight 78.11 

Color Clear 

Melting Point 5.5 ๐C 

Boiling Point 80.1 ๐C 

Density at 15 ๐C, g/cm3 0.8787 

Odor Aromatic 

Odor Threshold: Air Detection range: 34-119 ppm 

Recognition: 97 ppm 

Vapor Pressure at 20 ๐C 75 mmHg 

Auto Ignition Temperature 498 ๐C 

Flashpoint -11 ๐C (close cup) 

Limits of Flammability in Air 1.2% (lower limit), 7.8% (upper limit) 
Source: Toxicological Profile for Benzene (Agency for Toxic Substances and Disease Registry, 2007) 

 

 2.3.2 Toluene 

 

 Toluene—a volatile organic compound like Benzene—is used as a solvent in the 

tanning industry, glue and markers, and as a component of the car fuel. Toluene can enter the 

body through inhalation, skin absorption and ingestion. Toluene is a health hazard classified 

under two types of toxic levels: extreme toxicity and chronic toxicity. In extreme toxicity, 

Toluene induces headaches, confusion, nausea, vomiting, listlessness, and unconsciousness. 

For chronic toxicity, it inflicts the brain and the central nervous system with negative 

symptoms, including memory loss, fatigue, and impatience. Like Benzene, Toluene in the body 

can be detected in blood and urine. In urine tests, the presence of hippuric acid—a metabolite 

of Toluene—indicates the exposure to Toluene. Standard amount of Toluene that should be 

detected in the urine after work must be no greater than 0.03 mg / L (Mayurie Gunatilaka, 

2003). 
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Table 2 Physical and chemical properties of Toluene 

Property Information 

Chemical Name Toluene 

Chemical Formula C6H5CH3 

Molecular Weight 92.14 

Color Colorless 

Melting Point -95 ๐C 

Boiling Point 110.6 ๐C 

Density at 20 ๐C, g/ml 0.8669 

Odor Like a Benzene 

Odor Threshold: Air 8 ppm 

Vapor Pressure at 25 ๐C 28.4 mmHg 

Auto Ignition Temperature 480 ๐C (896 ๐F) 

Flashpoint 4 ๐C (40 ๐F) 

Limits of Flammability in Air 1.2-7.1 % 
 Source: Toxicological Profile for Toluene (Agency for Toxic Substances and Disease Registry, 2000) 

2.4 Metabolites of Benzene and Toluene 

 2.4.1 Metabolism of Benzene 

 

 Benzene is well absorbed in humans and animals in laboratory after inhalation and oral 

exposures, but it is not as readily absorbed dermally. In human, absorption occurs around 50% 

during continuous exposure for a long period. Men may experience a lesser percentage of 

Benzene inhalation than women do. 

 The liver is the organ where the metabolism of Benzene begins. Benzene metabolism 

is primarily transmitted through the cytochrome P-450 IIE1 enzyme system and consist of the 

procession of unsteady reactive metabolites sequences. In the urine, the metabolic products are 

mainly excreted and the known metabolites—phenol, catechol and hydroquinone—are 

discovered at appreciable levels in bone marrow. The prime urinary metabolite in humans is 

phenol. It is mostly found as an incorporeal sulfate conjugate until its level reaches near 480 

mg/liter; beyond this level glucuronides are discovered. Current studies advice that toxicity of 

Benzene is the consequence of the effects of the interaction of many forms of Benzene 

metabolites in both the liver and the bone marrow (World Health Organization, 1993). 
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 2.4.2 Metabolism of Toluene 

 

 Hippuric acid is a major metabolite of Toluene. It can be extracted from the urine by a 

number of methods including colorimetry, UV spectrometry, and thin-layer chromatography 

(TLC).   

 Hippuric acid, a common component of urine, is mostly from food with benzoic acid 

(benzoates). Comparing the occurrence of hippuric acid in the urine of people unexposed to 

Toluene with those of Toluene-exposed subjects, the mean hippuric acid in urine excretion in 

females is higher than in males. 

 A mean concentration of < 1.0 g hippuric acid/ litre were excreted by unexposed 

personnel, whilst concentration of excreted hippuric acid of exposed personnel is at least 2-6 

times that of the former, depending on ranks of exposure.  

 At present, the calculation of the average hippuric acid concentration in urine collection 

at the operation seems to be the most widely applied method for assessing overall work-related 

exposure to over 375 mg/m3 of Toluene in air. A group average of lesser than 2 g/litre or g 

creatinine suggests that the air contains lesser than 375 mg/m3 (100 ppm) Toluene (World 

Health Organization, 1985). 

.2.5 Health Effects Related to Benzene and Toluene 

Health effects caused by acute exposure to Benzene and Toluene. Its health effects have 

different symptoms that depending on level of Benzene and Toluene, duration of exposure and 

the exposure routes—inhalation, absorption, and consumption. Symptoms that may occur from 

level of exposure to Benzene and Toluene, as shown in table 3-4 

 
Table 3 Symptoms that may occur from Benzene and Toluene exposure reviewed by IRIS 

Benzene (IRIS, 2002) Concentration (ppm) Notation 

Dizziness 250–3000 

(799–9584 mg/m3) 

Workers will headaches, become tired 

easily, have difficulties sleeping, and 

complain of memory loss more often 

at concentration 6–15.6 ppm  

(20–50 mg/m3) for 2–9 years. 

Headache 

Drowsiness 
700–3000 

(2236–9584 mg/m3) 
Loss of consciousness 

Toluene (IRIS, 2005) 

Altered color vision 
at high exposure levels 

(generally 600 ppm or 

greater) 

- 
Dizziness 

Fatigue 

Headache 
Source: (Integrated Risk Information System, 2002); (Integrated Risk Information System, 2005)  
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Table 4 Symptoms that may occur from Benzene and Toluene exposure 

 

Symptoms 
Exposure/Duration 

frequency 

NOAEL 

(ppm) 

LOAEL 

Less 

serious 

(ppm) 

Benzene (Agency for Toxic Substances and Disease Registry, 2007) 

 Dizziness  

1 – 21 days 

2.5 – 8 hr./day 
- 60 

 Fatigue  

 Headache 

 Mucous membrane 

irritation 

 Nausea 

 Skin irritation 

 Dizziness  

30 minutes - 300  Drowsiness 

 Headache 

Toluene (Agency for Toxic Substances and Disease Registry, 2000) 

 Dizziness  

6 hr. 

40 100 
 Eyes irritation 

 Headache 
40b 100 

 Nose irritation 

 Decrease manual 

performance and color 

perception 
6.5 hr. - 100 

 Dizziness 

 Eyes irritation 

 Throat irritation 

 Mild-throat irritation 
7-8 hr. - 200 

 Eyes irritation 

 Drowsiness 
3 or 8 hr. - 200 

 Headache 

 
2.6 Related Articles 

 (Borgie et al., 2014) studied on traffic-related air pollution: a pilot exposure assessment 

in Beirut, Lebanon. Benzene and 1,3-butadiene (BD) were measured from twenty-five 

policemen at traffic and twenty-three policemen in office by bio-monitoring—personal air 

monitoring. They found individual exposure to Benzene among traffic polices were higher than 

traffic police in other countries. t,t-MA levels possibly will differentiate between traffic and 

office polices. Meanwhile, median monohydroxy-butenyl mercapturic acid (MHBMA) levels 

in traffic police were faintly raised up, even though not significantly higher than in office police. 

 (Demirel, Ozden, Dogeroglu, and Gaga, 2014) studied on personal exposure of primary 

school children to BTEX, NO2 and Ozone in Eskişehir, Turkey: relationship with 

indoor/outdoor concentrations and risk assessment. Personal exposures of sixty-five primary 
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school children from two schools were selected. BTEX, Nitrogen dioxide (NO2) and Ozone 

(O3) were collected by Organic vapor monitors and tailor-made passive samplers during 24 

hours in this study. Questionnaires were used to itemize socio-demographic and personal time–

activity data. The mean of risk of cancer was found that the borough school kids (1.7 × 10−5) to 

be higher than the sub- borough school kids (0.88×10−5). Children living with parentages who 

smoked had higher risk levels (1.7×10−5) than children living with nonsmoking parentages 

(1.08×10−5). 

 (Majumdar, Mukherjeea, and Sen, 2011) studied on BTEX in ambient air of a 

metropolitan city. They investigated in BTEX at three monitoring sites at commercial and 

residential area. The researchers found, the cumulative lifetime cancer risk for Benzene and 

ethyl Benzene was found to be higher than the acceptable value and range between 3.0 × 102 

and 8.9 × 106 in three sites, although the non-cancer health risk was found to be within 

acceptable limit. 

 (D. Som et al., 2007) studied on commuters' exposure to BTEX in passenger cars in 

Kolkata, India. Passenger in cars along two crowded urban roads, both roads from University 

College of Science, during office hours between 10:30 am and 4:00 pm in two trips were 

selected. BTEX were collected by VOCs sampling and charcoal sorbent tubes. Results were 

founded passengers' exposure to Benzene and other VOCs are pretty high in Kolkata, even after 

aromatic content decreasing in gasoline. The amount of exposure depends on the type of engine 

and technology of the cars. 

 (Milena B. Fernandes, Leila S.R. Brickus, J.C.Moreira, and J.N.Cardoso, 2002; Milena 

B.Fernandes, LeilaS.R. Brickus, J.C Moreira, and J.N. Cardoso, 2002) studied on atmospheric 

BTX and polyaromatic hydrocarbons in Rio de Janeiro, Brazil. Semi-volatile PAHs and BTX 

were measured in four main roads in the city of Rio, during the summer. Semi-volatile PAHs 

were measured by filtration of ambient air and BTX were measured by ambient air samplers. 

For the results, the relatively low PAH and BTX levels between during the summer are probably 

a consequence of a number of factors: the summer rainy season, the absence of heating systems 

throughout the city of Rio, and the use of ethanol–gasoline mixtures with low Benzene content, 

neat ethanol and LPG fuel in light-duty vehicles. Concentrations of these compounds are not 

only low in comparison to other cities worldwide. 

 (Wasssana Loonsamrong, Nutta Taneepanichskul, Sitthichok Puangthongthub, and 

Tanasorn Tungsaringkarn, 2013) studied on health risk assessment of BTEX exposure to 

parking workers at one of parking structure in Bangkok, Thailand. This study estimated level 
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of BTEX exposure and showed the identity of BTEX exposure related with a health risk 

assessment via inhalation among workers at the car parking. Air samples were collected by 

active diffusion sampling tubes while urine were collected from the workers after work shift. 

Result showed that mean concentrations of BTEX were 11.282, 56.129, 7.166 and 10.587 

µg/m3, respectively. Meanwhile, mean concentrations of t,t-Muconic acid and Hippuric acid, 

urinary metabolites, were 177.07 and 0.39 g/g creatinine, respectively. Additionally, there was 

no correlation between BTEX concentration and the urinary metabolites concentration. On the 

other hand, there was association between increasing of Ethyl-benzene exposure and likelihood 

increasing of demonstrating nausea (OR = 1.14, 95%CI; 1.008 – 1.288), as well as increasing 

of xylene exposure was associated with likelihood increasing of demonstrating cough (OR = 

1.137, 95%CI; 1.012 – 1.278). 

 (Ongwandee and Chavalparit, 2010) studied on commuter exposure to BTEX in public 

transportation modes in metropolitan Bangkok, Thailand. They investigated BTEX 

concentrations among 75 passengers from four public transportation features, including an air-

conditioned bus (A/C bus), non-air-conditioned bus (non-A/C bus), electric sky train, and a 

passenger boat traveling along the canal. Comparison during two rush hour periods (7–9 a.m. 

and 4–7 p.m.) by personal sampling pump. The study results were shown that, median 

concentrations of BTEX in A/C bus were 11.7, 103, 11.7, and 42.8 µg/m3; in non-A/C bus were 

37.1, 174, 14.7, and 55.4 µg/m3; 2.0, 36.9, 0.5, and 0.5 µg/m3 in sky train; and 3.1, 58.5, 0.5, 

and 6.2 µg/m3 in boat, respectively. Moreover, the results indicated that, in sky train, Toluene 

and m, p-xylene level were statistically less than both of A/C and non-A/C buses. Meanwhile, 

vehicle-traffic-generated BTEX only softly contributes to the in-sky train levels because of its 

elevation beyond the traffic. 

 (Pakanon Promsuwan and Winai Nutmakool, 2012) studied on determination and 

health risk assessment of BTEX at bus stop area in Bangkok. BTEX were measured by 

Diffusive Sampler at four bus stops for 24 hours. The researchers found the level of volatile 

organic compounds in the test area was not severely harm to public health and people who has 

lived or worked nearby the bus stop that we had monitored. 

 (Sasithorn Ruangtrakula, Tassanee Prueaksasit, and Morknoyc, 2013) studied on health 

risk assessment of toll-way station workers exposed to BTEX via inhalation in Bangkok. In this 

study, workers from 4 stations of toll-way were conducted during 8 work hours (6 A.M. – 2 

P.M.) on Friday and Sunday and BTEX were collected by personal air pump. It was found 

Benzene and ethyl Benzene exposure were higher than the acceptable risks (1 x 10-4), whereas 
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the hazard quotients of non-carcinogenic compounds. Toluene and xylene were in total less 

than 1, which indicated that there were no health risks of concern. 

 (Lan, Tran Thi Ngoc, Minh, and Pham Anh, 2013; T. T. N. Lan and Minh, 2013) 

studied on BTEX pollution caused by motorcycles in the megacity of HoChiMinh, Vietnam to 

investigate BTEX pollution at roadside in urban areas and effect of different means of 

transportation on BTEX pollution. BTEX monitoring was proceeded along with 17 inspection 

points placed on main roads in 9 residential district, points 13 – 17 were placed on the central 

district at the university motorcycle park entrance. Air sampling was applied from The NIOSH 

1501 method and was operated on works day during rush hours. They found that, Benzene 

concentration at 254 μg/m3 was the maximum observed hour-average. Additionally, there are 

high correlations among BTEX species, between BTEX concentrations and the volume of on-

road motorcycles, and between inter-species ratios in air and in gasoline indicate the 

motorcycle-exhaust origin of BTEX species. In conclusion, the roadside BTEX main source is 

traffic discharge in HoChiMinh. The biggest contributor to BTEX pollution in HoChiMinh is 

motorcycles. 

 (Velasco et al., 2013; Velasco, Ho, and Ziegler, 2013) studied on Commuter exposure 

to black carbon, carbon monoxide and noise in the mass transport khlong boats of Bangkok, 

Thailand. Passengers at piers during the morning rush hours were selected and black carbon 

(BC), CO and noise were measured. They found, the BC and CO concentrations at the Pratunam 

pier were higher than those recorded inside the boats during traveling trips. While travelling 

along the canal, and occurred at maximum speeds, the highest noise levels were recorded. 

 (Violante et al., 2006; F. S. Violante et al., 2006) researched on urban atmospheric 

pollution: personal exposure versus fixed monitoring station measurements. To examined 

exposure to traffic of pedestrians, 126 traffic police workers and 50 parking wardens, related 

with atmospheric pollutants: BTEX and PM10. For data collection, information were gathered 

from work shifts throughout four 1-week periods in different seasons of 2000–2001. For the 

result, the researchers found that exposure of wayside personal to Benzene associates more 

powerfully with Toluene, xylenes and ethyl Benzene than PM10. In addition, the records from 

fixed monitoring stations, both of Benzene and PM10 related with climatological variables, and 

were also influenced by traffic local density. 
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CHAPTER III  

RESEARCH METHODOLOGY 

3.1 Research Design  

 This study was approved by The Ethics Review Committee for Research Involving 

Human Research Subjects, Health Science Group, Chulalongkorn University, Thailand with 

the certified code No. 070.1/2015. All participants in this study agreed on participant 

information sheet and signed in informed consent form before this study was conducted.  

 This is a cross-sectional study to investigate an association between Benzene and 

Toluene exposure level and health effects, as well as an association between urinary metabolites 

and Benzene and Toluene exposure among sky train security guards. 

 

3.2 Study Area  

This study involves electric sky train stations in Bangkok following Sukhumvit Line 

which has a total of 22 stations along the 22.25 km. track length. According to Office of 

Transport and Traffic Policy and Planning’s report, Sukhumvit road is one of the ten roads with 

the worst traffic congestion during rush hours. The average vehicle speed on Sukhumvit road, 

which runs parallel to the BTS Sukhumvit line (as shown on the map; figure 6) is only about 

13.3 km/hr. (Ministry of transport, 2014). Therefore, the Sukhumvit line, which runs from Mo 

Chit to Bearing station, was selected to be a representative region in this study. 
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Figure 6 Map of electric sky train stations in Bangkok 
(Service Routes of Bangkok Mass Transit System Public Company) 

 

However, only a total of 20 stations will be examined. Siam station was excluded in 

this study due to the fact that the physical structure of Siam station is materially different from 

those of other station along Sukhumvit line; Siam station has two levels of train platforms 

whereas other stations each have only one level. Asok was also excluded following the 

suggestion from a thesis examination committee; Asok station has more number of passengers 

than those of other stations that have normal physical structure.  

3.3 Study Population 

 Population in this study is all of sky train security guards of 20 electric sky train stations 

in Sukhumvit Line. The exposure of Benzene and Toluene was measured during time of work 

and urine were collected after work. 

 

3.4 Inclusion and Exclusion Criteria 

 In terms of inclusion criteria, this study focuses on sky-train security guards who are 

healthy Thai—using annual health checkup report from company for screening health of 

participants—and aged between 18-60 years. For exclusion criteria, train drivers, ticketing 

personnel and workers with respiratory diseases and kidney disease are excluded. Siam and 

Asok station will be also excluded from 22 total station.  

Sukhumvit Line 
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3.5 Sample and Sample Size 

 In this study, sample size calculation was calculated. 

Formula;    n = 
z2pq

d2  

 

Where;  n = Sample size 

  z = Normal standard deviate, usually set at 1.96 which correspond to 95%  

 Confident Interval level 

  p = The proportion in the target population estimate to exposed group  

  q =                                                                                                     1 – p 

  d = Degree of accuracy required in this study set at 0.1 

 

     n = (1.96)
2
 ×   0.9 ×   0.1

(0.1)
2  

     n = 34.57 samples × 10% (sample losses) 

         = 34.57 + 3.5 

         = 38.07  

  ≈ 40 

 

Therefore, the required sample size in this study is 40 samples. 

 

3.6 Sampling Technique 

 Step 1: Purposive selection of BTS route  
 

 In terms of the BTS station sampling technique, this study used purposive sampling in 

order to follow the objectives of this research. A total of 20 stations along the Sukhumvit line, 

excluding Siam and Asok station, were selected specifically along the road with heavy traffic. 

 

 Step 2: Random selection of workers at each station  

 
 

This study pre-screened participants using the annual health checkup report as 

permitted by the company and the participants. Generally, workers at each station can be 

classified into two groups: workers from the concourse level and workers from the platform 

level. Four workers (two from each group) who are the most qualified in terms of health 

condition were added to the list. From the list, random sampling was used to select two workers 

(one from each group) at each station. The sampling technique is shown in figure 7. 
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Figure 7 Diagram of Sampling Techniques 

 
3.7 Measurement Tools 

 3.7.1 Questionnaires 
 

 The questionnaires comprises of 3 parts: general characteristics of workers, working 

characteristics and health effects, respectively. The questionnaires were tested for validity by 

three specialists. For reliability, the questionnaires were tested with 30 security guards in the 

other route (Silom line) of the BTS before the actual use. Cronbach’s Alpha test for reliability 

analysis was used, so the reliability value is 0.873.  

 1st part: General characteristics of workers (age, gender, weight, height, house location 

and smoking behavior); a total of 10 items.  

 2nd part: Working characteristics (years of experience, duration of work and location); 

a total of 9 items. 

 3rd part: Health effects (symptoms that workers get during work or after work within 

24 hours and within the past 3 months.); a total of 11 items. 
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3.7.2 Air Sampling  
 

 Charcoal Glass tube and personal air pump were used in order to sampling 

concentration of BTEX continuously throughout the duration of work for 8 hours, from 8 a.m. 

to 4 p.m. 

 

 

 

 

 

 

 

 

 

 

Figure 8 Equipment for Air sampling 

A. Charcoal Glass tube and personal air pump, 

B. Personal Air sampling pump, and C. Location of air sampling 

 

3.7.3 Urine Sampling 
 

 The collection of urine sampling method to determine metabolite of Benzene, t,t-

muconic acid and metabolite of Toluene and hippuric acid follows the NIOSH method 8301 

(National Institute for Occupational Safety and Health, 2003). 50 to 100 mL of urine was 

collected after work in a 125-mL plastic bottle. The samples were preserved by keeping them 

in mobile cooling units at about 4 °C. 

3.8 Data Collection 

 The data collections include urine sampling, air sampling and questionnaires from face-

to-face interviews.  

 Firstly, urine samples were collected in plastic bottles (given separately to each 

participants), once before working shift in the morning. The samples were preserved by keeping 

them in mobile cooling units at about 4 °C. Secondly, the process of air sampling commences. 

Air sampling equipment includes a charcoal sorbent sample tubes and personal air pumps. 

Sample tubes were attached to the shirt collars of the participants so that the tubes would be 

near to the the inhalation zone. Air pumps were continually turn on throughout the duration of 

work for 8 hours, from 8 a.m. to 4 p.m.. After the air pumps were turned off, the second urine 

samples were collected. Once again, the samples were preserved by keeping them in mobile 

cooling units at about 4 °C. Finally, questionnaires were collected from face-to-face interviews, 

each of which took about 10 minutes, after all the sampling processes had been completed. The 

timeline of data collections is shown in figure 9. 

A B C 
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Figure 9 The timeline of data collections 

 

3.9 Laboratory Analysis 

 3.9.1 Air Sample Analytical Method 

 

  3.9.1.1 Sample Preparation 

 
  Benzene and Toluene analysis use carbon disulfide (CS2) for distillation and 

squirt standard solvent (Internal Standard) and then, it were released for 30 minutes. The solvent 

separation clear distillation solution and diversify to 2 mL glass vials squirted into Gas 

Chromatography with the flame ionization detector (GC-FID). The flow of sample preparation 

presented in figure 10. 

 

Figure 10 The flow Chart of sample preparation 
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3.9.1.2 Sample Analysis 

 
  Analytical technique  

  The sample analysis process of Benzene and Toluene was based on the NIOSH 

Manual of Analytical Method No.1501 (NIOSH, 2003). Gas Chromatography with Flame 

Ionization Detector (GC-FID) was used to be examination technique. The GC condition for 

analysis displayed in the table 5. 

 

Table 5 The condition of BTEX analysis 

 

Capillary Column 

CP-Silica 24 CB 

30m x 0.32-mm ID; 1-μm film 100% PEG or equivalent, 

#CP7831  

Carrier Gas Helium (He) 

Make up Helium (He) – 2.6 mL/min 

He Flow rate   1 mL/min 

Injection Type   Split 5:1 

Injection Volume 1 µL 

Injector Temperature 250 ºC 

Detector Flame ionization 

Detector 

Temperature 
300 ºC 

Oven 
Temperature at 40 ºC, Hold 10 minutes to 230 ºC, Rate 

10 ºC/min 

  

 Quality Control 

 
  The limitation of detection (LOD) was specified by preparing the lowest 

concentration of mix standard. The concentration of sample lower than LOD was informed as 

not detected. The calculation of LOD follows equation 1 

Equation 1      ____________________________________________  

 

Standard deviation =  √∑
(Xi − Xbar)2

(n − 1)
i=1

 

 Where; Xi = Peak area of target compound observed 

   Xbar = Average area of these observations 
 

  Mix standard were inserted into GC-FID for 3 times, the average was 

calculated. The limit of detection (LOD) of Benzene, Toluene, ethyl Benzene, and xylene were 

set to 0.2, 0.3, 0.2, and 0.03 µg/m3 respectively. Recovery percentage of Benzene and Toluene 

Xbar 

LOD = 3 × the lowest concentration used × standard deviation 
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were in range of 80-120%. All of chemicals usage was analytical and chromatographic grade. 

Carbon disulfide and sorbent in the sampler tube (field blanks) was examined as to check 

Benzene and Toluene species contamination. Benzene and Toluene concentration measured in 

repetitive samples were in good arrangement. The validation of laboratory analysis was 

illustrated in table 6. 

 

Table 6 Precision and accuracy of Benzene and Toluene analysis 

Parameter LOD %Recovery 
%RSD 

(Relative Standard Deviation) 

Benzene 0.5 95.56 4.76 

Toluene 0.7 98.66 4.47 

 

  Calibration Curve 
 

  With mix standard solution usage (Mix of aromatic hydrocarbons), five 

difference concentrations were organized as 0.5, 1.0, 5.0, 10.0, and 15.0 ppm. In each standard 

Benzene and Toluene concentration, alpha, alpha, alpha-TrifluoroToluene (Ehrenstorfer, 

Gernany) with concentration 2,000 ng/µL in methanol was added as the internal standard.  

 

  Calculation of Concentration Values  
 

  According to calibration curve and linear equation, the mass of Benzene and 

Toluene and Benzene and Toluene concentrations might be calculated.  

MS = ________ 

Where;  

 MS (µg) = Mass of contaminants (Benzene and Toluene) 

 CS (µg/mL) = Concentration of the mixed standard solution 

 PA  = Peak area of contaminants per peak area  

 of internal standard in sample  

 PB  = Peak area of contaminants per peak area  

 of internal standard in blank 

 PS  = Peak area of contaminants per peak area  

 of internal standard in mixed standard  

 VS (µg) = Sample volume (2 mL) 

 V1 (µg) = Injection volume (1 µg)  

 
To calculate concentration, this formula was used. 

 

(PA – PB) 

PS 
× CS 

VS ___ 
 × 

V1 
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C = 
( Wf + Wb - Bf - Bb )

V
 

Where; C = Concentration of the air sampled (mg/m3)          (NOTE: µg/L = mg/m3) 
 Wf = Sample front sorbent sections 

 Wb = Sample back sorbent sections 

 Bf = The average media blank front sorbent sections 

 Bb = The average media blank back sorbent sections 

 V = Air volume sampled (L)  

 

3.9.2 Urinary Analytical Method 

  
 Analytical Technique 

 The samples analysis practice of Benzene and Toluene was based on the NIOSH 

Manual of Analytical Method No.8301 (NIOSH, 2003) to analyze hippuric acid. Analyzing 

trans,trans-muconic acid (t,t-muconic acid) in house method was used. Analysis technique used 

high performance liquid chromatography with ultraviolet detection method (HPLC-UV). 

 Creatinine is a compound that acts as a source of energy in muscle. Creatinine is a 

useful indicator of renal health because it is excreted in the urine as an unchanged and easily 

measured by-product of muscle metabolism. Therefore, creatinine will be used for indicator to 

analyze urine. 

 Calibration Curve and Concentration Values Calculation 

 Stock solution for t,t-muconic acid was prepared in methanol. Urine samples were 

obstructed with the t,t-MA (working solutions) to attain ultimate concentration 0.20, 0.50, 1.00, 

2.50, and 5.00 µg/mL. The vanillic acid solution at the concentration of 100 µg/mL was 

arranged as interior standard. These solutions were used to arrange the calibration curves and 

for quality control. Determination was carried out based on inward standardization.   

 

3.10 Data Analysis (Statistics)  

 The SPSS Program was used in this research for analyzed the data. General data, 

worker amount, age, and gender, were delineated by descriptive statistic including mean, 

median, frequency, percentage, standard error and standard deviation. Normal distribution test 

used to test all parameters of study by Shapiro-Wilk test first. For finding association between 

BT detected concentration and different working location, Mann Whitney U test was used. 

Fisher’s exact test was used to find association between health effects and Benzene and Toluene 

exposure level. Logistic regression was used to determine health effects and level of Benzene 

and Toluene exposure. Correlation between urinary metabolites and Benzene and Toluene 

exposure will be analyzed by Spearman correlation test (p < 0.05). 
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 3.11 Ethical Consideration 

 The experimental document was submitted to the Ethics Review Committee for 

Research relating Human Research Subjects under Chulalongkorn University’s Health 

Sciences Group. The objective of the research was clearly reported to the targeted study sample 

and was approved on COA No. 070.1/2015. Reported acquiescence was signed by subjects 

before the study.  
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CHAPTER IV  

RESULT 

4.1 General Information   

 The total number of participants in this study is 40, consisting of 23 males and 17 

females, all of whom are security guards stationed on ticket or platform level of the electric 

sky-train station along the Sukhumvit line. All participants were questioned via face-to-face 

interviews and questionnaires. The questions in each questionnaire included three sections: 

general characteristics of workers (age, gender, weight, height, housing location and smoking 

behavior), working characteristics (years of experience, duration of work and location), and 

health effects (symptoms that workers get during work or after work within 24 hours and within 

the past 3 months.). The results from the questionnaires were displayed in table below. 

 

Table 7 Fundamental characteristic of BTS security guards (n = 40) 

General Characteristic Frequency (Percent),  (n = 40) 

Gender 

Male 

Female 

 

23 (57.5) 

17 (42.5) 

Age (years) 

< 30 

30 – 39 

≥ 40 

Min. – Max. 

Mean ± SD 

 

9   (22.5) 

14 (35.0) 

17 (42.5) 

22 – 54 

37.8 ± 8.5 

Body Mass Index (BMI, kg. / m2) 

< 18.50           (Underweight) 

18.50 – 24.99 (Normal Range) 

25.00 – 29.99 (Overweight) 

≥ 30                (Obese) 

Mean ± SD 

 

2   (5.0) 

25 (62.5) 

9   (22.5) 

4   (10.0) 

23.79 ± 3.52 

Smoking Behavior  

Never Smoke 

Former Smoker 

Current Smoking 

 

22 (55.0) 

10 (25.0) 

8   (20.0) 
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General Characteristic Frequency (Percent),  (n = 40) 

Number of Cigarette (per day), (n = 8) 

1-5 

6-10 

Mean ± SD 

 

6   (15.0) 

2   (5.0) 

5.25 ± 2.50 

Second Hand Smoker  

No 

Yes 

 

25 (62.5) 

15 (37.5) 

House Located near Other Air 

Pollution Sources* 

No 

Yes 

 

 

30 (75.0) 

10 (25.0) 
*Garage and Major road. 

  

 The percentages of participants in this study were 57.5% and 42.5% for male and 

female, respectively. The age of most participants (42.5%) was 40 years old or above while the 

mean age was 37.8 (± 8.5). The average body weight and height were 64.4 (±8.4) and 163.5 

(±1.49), respectively (Appendix C). 62.5% of the participants fall within the body mass index 

(BMI) range of 18.50 – 24.99, which is considered the normal range. Of the security guards 

who were currently smoking (20% of participants), the average number of cigarettes smoked 

per day was 5.25 (±2.50) and 37.5% of this group were second hand smokers exposed to family 

members who smoke at present. 25% of the participants indicated that their houses are located 

near other sources of air pollution such as major roads and garages (Appendix C). Most of the 

security guards (28.2%) went to work by BTS and 25.6% commuted by walking. On the other 

hand, commuting by motorcycles and other means was the lowest at 7.7% (Table 7).  

 

4.2 Working Characteristics  

 In terms of working characteristics, security guards worked 12 hours per day with half 

of them working on the platform level and the other half on the ticketing level; 77.5% never 

rotated jobs between platform and ticketing level. 41.1% had working experience in the range 

of 1 – 5 years, while the median working years was 1.2 (± 0.57). The majority (85%) worked 7 

days a week with 24.0 (±2.14) average day offs per year. When asked about potential reasons 

for using masks, 64% cited pollution protection while 4% and 28% cited influenza protection 

and sickness, respectively. Only 4% would do so to follow regulations and 37.5% of 

participants did not state the reasons. As a matter of fact, 47.5% of the security guards never 

used any forms of personal protective equipment during working shifts. The summary of 

working characteristics data was shown in table 8. 
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Table 8 Working characteristics of BTS security guards. 

Working Characteristic Frequency (Percent), (n = 40) 

Working Area 

Platform 

Ticketing 

 

20 (50.0) 

20 (50.0) 

Working Experiences (years) 

< 1  

1 – 5  

≥ 6 

Median ± SE 

 

14 (35.0) 

17 (42.5) 

9   (22.5) 

1.2 ± 0.57 

Job Rotating 

No 

Yes 

 

31 (77.5) 

9   (22.5) 

Duration of work (days/week) 

6 

7 

Median ± SE 

 

6   (15.0) 

34 (85.0) 

7.0 ± 0.06 

Personal Protective Equipment Use (Mask) 

No 

Yes 

 

19 (47.5) 

21 (52.5) 

Reasons for using mask 

Pollution Protection 

Influenza Protection 

Sickness 

Do by Regulations  

 

16 (64.0) 

1   (4.0) 

7   (28.0) 

1   (4.0) 

 

 

4.3 Concentration of BT in Air Samples 

 4.3.1 Descriptive of BT Concentrations  

 

 From table 9, the comparisons of Benzene and Toluene concentrations from exposure 

showed that the average of concentration of Benzene and Toluene is 0.21 (± 4.08) and 242.40 

(±17.11), respectively. The maximum concentration of Benzene is 136.98 µg/m3 while that of 

Toluene is 354.17 µg/m3. Meanwhile, the minimum concentration detected was 0.21 µg/m3 and 

0.07 µg/m3 for Benzene and Toluene, respectively. 
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Table 9 Comparisons between concentration of Benzene and Toluene exposure  

among security guards working at BTS stations (µg/m3, n = 40) 

Parameter 
Concentration (µg/m3) 

Benzene Toluene 

Median 0.21 242.40 

Standard error 4.08 17.11 

Mean 7.52 214.30 

Standard deviation 24.46 102.64 

Mode 0.21 0.07 

Min. 0.21 0.07 

Max. 136.98 354.17 

  

 4.3.2 Comparisons of detected BT Concentration in ticketing and 

platform level 

   

 Mann-Whitney U test was used to analyze for association finding. BT concentrations 

detected from 40 participants were compared between those participants working in the 

ticketing level and those in the platform level. The comparisons of concentration of Benzene 

and Toluene exposure were illustrated in table 10. From the table, the result shows that both 

BT concentrations at ticketing and platform level were not significant (p-value of 0.188, 0.350, 

respectively). Therefore, there was no material difference in terms of Benzene and Toluene 

concentration detected in the ticketing and platform level. 

 

Table 10 Comparisons between concentration of Benzene and Toluene exposure in 

the ticketing and platform level  

at BTS stations located among security guards working (µg/m3, n = 40) 

 Ticketing 

(n = 20) 

Platform 

(n = 20) 
p-value 

Benzene 

Median 0.21 0.21 

0.188 

Standard error 8.55 3.56 

Mean 8.76 6.82 

Standard deviation 34.19 14.25 

Min. 0.21 0.21 

Max. 136.98 37.50 

Toluene 

Median 247.03 242.39 

0.350 

Standard error 19.14 31.25 

Mean 242.23 177.25 

Standard deviation 76.55 124.99 

Min. 0.07 0.07 

Max. 354.17 298.13 
*
Test difference using Mann-Whitney U test, the level of significant was set at 0.05 
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 4.3.3 Comparisons of BT Concentration between inner Bangkok and 

outer Bangkok 

 Comparisons of BT concentration between stations located within inner Bangkok (14 

stations) and outer Bangkok (6 stations) were displayed in table 11. With 0.549 p-value, the 

results show that the difference in concentration of Benzene within inner and outer Bangkok 

was not significant. At the same time, the difference in Toluene concentration between the two 

areas was also not significant with the p-value of 0.558.  

Table 11 Comparisons of concentration of Benzene and Toluene exposure in the 

inner Bangkok and outer Bangkok 

among security guards working at BTS stations located (µg/m3,n = 40) 

 Inner 

Bangkok a  
(n = 28) 

Outer 

Bangkok b  
(n = 12) 

p-value 

Benzene 

Median 0.21 0.21 

0.549 

Standard error 2.27 3.59 

Mean 9.44 3.15 

Standard deviation 28.65 9.74 

Min. 0.21 0.21 

Max. 136.98 32.50 

Toluene 

Median 242.29 250.00 

0.558 

Standard error 28.01 29.82 

Mean 205.01 235.40 

Standard deviation 109.32 86.55 

Min. 0.07 0.07 

Max. 354.17 334.90 
*Test difference using Mann-Whitney U test, the level of significant was set at 0.05 
a Inner Bangkok of Bangkok refers to Mo Chit, Saphan Khwai, Ari, Sanam Pao, Victory 

Monument,     

   Phaya Thai, Ratchathewi, Chit Lom, Phloen Chit, Na Na, Phrom Phong, Thong Lo, 

Ekkamai and Phra  

   Khanong station. 
b Outer Bangkok of Bangkok refers to On Nut, Bang Chak, Punnawithi, Udom Suk, 

Bang Na and  

   Bearing station. 
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 4.3.4 Comparisons of BT Concentration between North and East BTS Sky-

Train Line 

  

 The table 12 below compares the Benzene and Toluene concentration detected from 

participating security guards who worked for the North BTS Sky-Train Line (7 stations) and 

the East BTS Sky-Train Line (13 stations). With 0.435 p-value, the results show that the 

difference in concentration of Benzene for the North BTS Sky-Train Line and the East BTS 

Sky-Train Line was not significant. Simultaneously, the difference in Toluene concentration 

between the two BTS Line was also not significant with the p-value of 0.053.  

 

Table 12 Comparisons of concentration of Benzene and Toluene exposure  

among security guards working at BTS stations located in the North (N) and East (E) 

of BTS Line (µg/m3, n = 40)  

 North Line 

(N) a  
(n = 14) 

East Line (E) b  
(n = 26) 

p-value 

Benzene 

Median 0.21 0.21 

0.435 

Standard error 1.86 34.34 

Mean 1.92 10.32 

Standard deviation 5.89 29.49 

Min. 0.21 0.21 

Max. 20.63 136.98 

Toluene 

Median 224.01 253.13 

0.053 

Standard error 12.57 33.03 

Mean 179.74 231.58 

Standard deviation 110.36 96.30 

Min. 0.07 0.07 

Max. 286.04 354.17 
*
Test difference using Mann-Whitney U test, the level of significant was set at 0.05 

a N refers to Mo Chit (N8), Saphan Khwai (N7), Ari (N5), Sanam Pao (N4), Victory Monument (N3),  

   Phaya Thai (N2) and Ratchathewi (N1) station 
b E refers to Chit Lom (E1), Phloen Chit (E2), Na Na (E3), Phrom Phong (E5), Thong Lo (E6),  

   Ekkamai (E7), Phra Khanong (E8),    On Nut (E9), Bang Chak (E10), Punnawithi (E11), Udom Suk  

   (E12), Bang Na (E13) and Bearing (E14) station 
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4.4 Urinary metabolites of BT 

 4.4.1 General comparisons of detected BT urinary metabolites  

 Comparative results of urinary metabolites of BT collected after the working shift are 

shown in table 13. Trans,trans-Muconic acid and Hippuric Acid are urinary metabolites of 

Benzene and Toluene, respectively. The highest amount of trans,trans-Muconic acid detected 

was 12.36 mg/g creatinine, while that of Hippuric acid was at 1,842.42 mg/g creatinine. 

Meanwhile, the lowest amount of trans,trans-Muconic acid detected was less than LOD, while 

that of Hippuric acid was 51.28 mg/g creatinine. The medians of trans,trans-Muconic acid and 

Hippuric acid detected were noticeably different, with the former at 1.02 mg/g creatinine and 

the latter at 269.32 mg/g creatinine. It is also notable that the min-max range of the Hippuric 

acid is especially broad (1,791.14 mg/g creatinine).  

 

Table 13 Comparisons of urinary metabolites of Benzene (trans,trans-Muconic acid) 

and of Toluene (Hippuric acid) 

among security guards working at BTS stations (mg/g creatinine, n = 40) 

Parameter 

Concentration (mg/g Creatinine) 

Urinary Metabolite of 

Benzene (n = 40) 

(trans,trans-Muconic acid) 

Urinary Metabolite 

of Toluene (n = 40) 

(Hippuric acid) 

Median 1.02 269.32 

Standard error 0.35 55.95 

Mean 1.52 368.31 

Standard deviation 2.22 353.85 

Mode 0.00 51.28 

Min. < LOD 51.28 

Max. 12.36 1,842.42 

 

 4.4.2 Comparisons of BT urinary metabolites detected from ticketing and 

platform level 

 
 BT urinary metabolites detected from participants’ exposure were compared between 

those participants working in the ticketing and platform level. The comparisons of 

concentration of Benzene urinary metabolite and of Toluene urinary metabolites are illustrated 

in table 14. From the table, the results shows that the difference between urinary metabolite of 

Benzene detected from the ticketing and from the platform level was not statistically significant 

(p-value of 0.079). Meanwhile, with a p-value of 0.007, the difference in urinary metabolite of 

Toluene between the two areas was considered statistically significant. In fact, the mean value 

found from the ticketing level (507.02 mg/g creatinine) almost doubled that of the platform, 

while the maximum amount detected from the former almost tripled that of the latter.  
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Table 14 Comparisons of urinary metabolites of Benzene (trans,trans-Muconic acid) 

and of Toluene (Hippuric acid) located in the ticketing and platform level  

among security guards working at BTS stations (mg/g creatinine, n = 40)  

 Ticketing 

(n = 20) 

Platform 

(n = 20) 

p-

value 

trans,trans-

Muconic acid 

Median 1.26 0.62 

0.079 

Standard error 0.65 0.12 

Mean 2.29 0.76 

Standard deviation 2.93 0.56 

Min. < LOD < LOD 

Max. 12.36 1.89 

Hippuric acid 

Median 380.85 202.02 

0.007* 

Standard error 96.61 38.62 

Mean 507.02 229.60 

Standard deviation 432.07 172.70 

Min. 51.28 52.46 

Max. 1,842.42 655.84 
 

Test difference using Mann-Whitney U test, the level of significant was set at 0.05 
 * 

Statistic significant between ticketing and platform 

 

 4.4.3 Comparisons of BT urinary metabolites detected within inner 

Bangkok and outer Bangkok. 

 Comparisons of BT urinary metabolites detected within inner and outer Bangkok are 

illustrated in table 15. The results show that the difference in BT urinary metabolites within 

inner and outer Bangkok was not statistically significant with the p-value of 0.114 and 0.791, 

respectively. 
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Table 15 Comparisons of urinary metabolites of Benzene (trans,trans-Muconic acid) 

and of Toluene (Hippuric acid) located in Inner Bangkok and Outer Bangkok    

among security guards working at BTS Stations (in mg/g creatinine, n = 40) 

 Inner 

Bangkok 

(n = 28) 

Outer 

Bangkok 

(n = 12) 

p-

value 

trans,trans-

Muconic acid 

Median 0.92 1.64 

0.114 

Standard error 0.25 1.01 

Mean 1.03 2.68 

Standard deviation 1.15 3.48 

Min. < LOD 0.09 

Max. 5.66 12.36 

Hippuric acid 

Median 276.62 246.77 

0.791 

Standard error 70.22 93.49 

Mean 373.11 357.09 

Standard deviation 371.55 323.86 

Min. 51.28 52.46 

Max. 1,842.42 1,050.00 
 *

Test difference using Mann-Whitney U test, the level of significant was set at 0.05 

 

 4.4.4 Comparisons of BT urinary metabolites detected from the North 

and the East BTS Sky-Train Line. 

  

 Table 16 illustrates the comparisons between the amount of Benzene and Toluene 

urinary metabolites detected from the two BTS Sky-Train lines the North Line (7 stations) and 

the East Line (13 station), marked as N and E, respectively, on the BTS map. With a p-value of 

0.876, the results show that the difference in Benzene urinary metabolite between the two 

locations was not statistically significant. Meanwhile, Toluene urinary metabolite, with a           

p-value of 0.070, was also considered not statistically significant. 

 

 

 

 

 

 

 

 

 

 



 

 

36 

Table 16 Comparisons of urinary metabolites of Benzene (trans,trans-Muconic acid) 

and of Toluene (Hippuric acid) located within the North (N) and the East (E)  BTS 

Line among security guards working at BTS stations (mg/g creatinine, n = 40)  

 North Line 

(N)  

(n = 14) 

East Line (E)  

(n = 26) 

p-

value 

trans,trans-

Muconic acid 

Median 1.20 0.78 

0.876 

Standard error 0.22 0.38 

Mean 1.03 1.79 

Standard deviation 0.82 2.67 

Min. < LOD < LOD 

Max. 3.08 12.36 

Hippuric acid 

Median 330.95 221.61 

0.070 

Standard error 116.70 72.29 

Mean 476.28 310.17 

Standard deviation 436.61 293.53 

Min. 87.30 51.28 

Max. 1,842.42 1,105.26 
 

Test difference using Mann-Whitney U test, the level of significant was set at 0.05 

 

4.5 Health Symptoms of Security Guards Related to BT exposure 

 The results, shown in percentages of the total security guards participated, illustrate the 

extent to which health symptoms related to BT exposure were experienced by security guards. 

Fatigue was the most common symptoms experienced, both while working (72.5%) and in the 

past three months (69.2%. Meanwhile, nausea was the least prevalent, with only 10% and 5% 

of the participants who had experienced it while working and in the past the three months, 

respectively. More comprehensive results are displayed in table 17. 

Table 17 Percentages of health symptoms occurrence (n = 40) 

Symptoms 

While working In the past 3 months 

Yes No Yes No 

n % n % N % n % 

Cough/Sneeze 12 30.0 28 70.0 11 27.5 29 72.5 

Dizziness 7 17.5 33 82.5 8 20.0 32 80.0 

Drowsiness 6 15.0 34 85.0 5 12.5 35 87.5 

Eyes Irritation 16 40.0 24 60.0 16 41.0 23 59.0 

Fatigue 29 72.5 11 27.5 27 69.2 12 30.8 

Headache 14 35.0 26 65.0 15 38.5 24 61.5 

Nausea 4 10.0 36 90.0 2 5.1 37 94.9 

Nose Irritation 10 25.0 30 75.0 11 28.2 28 71.8 

Sore Throat 9 22.5 31 77.5 7 18.4 31 81.6 

Skin Irritation 12 30.0 28 70.0 10 25.6 29 74.4 

Throat Irritation 9 23.1 30 76.9 9 23.1 30 76.9 
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4.6 Correlations between BT concentrations and urinary metabolites 

 Spearman’s correlation, a non-parametric statistical tool, was used to find the possible 

correlations between BT concentrations and urinary metabolites concentrations. From the table, 

Benzene concentration had no relation with its urinary metabolite concentration (t,t-Muconic 

acid) in positive direction and magnitude (rs) at 0.180 that means little if any correlation. The 

result may be concluded that Benzene concentrations and trans, trans-Muconic acid 

concentrations has weak direct correlation while the p-value of 0.295 shows that such 

correlation was not statistically significant. Meanwhile, Toluene concentration and its urinary 

metabolite concentration (Hippuric acid) have negative direction and have magnitude (-0.084 

of rs) in little if any correlation which magnitude values between 0.00 – 0.30. It might be 

concluded that Toluene concentrations and Hippuric acid concentrations has very weak inverse 

correlation while the p-value of 0.625 illustrates that such correlation was not statistically 

significant (Table 18). 

 

Table 18 Correlations between BT and their urinary concentrations 

Correlations rs p-value 

Benzene & trans,trans-Muconic acid 0.180 0.295 

Toluene & Hippuric acid -0.084 0.625 
 * Spearman’s correlation was used to test, significant level at 0.05 

 

4.7 Association between BT concentrations and health symptoms 

 

 To find association between BT concentration and health symptoms, Fisher’s exact test 

was used. Using median concentration as a benchmark, Benzene and Toluene concentration 

can be classified into two levels: low and high. Concentration ranging from minimum to median 

value is classified as “low level” while concentration ranging from median to maximum value 

is classified as “high”. Health symptoms included 11 symptoms: cough/sneeze, dizziness, 

drowsiness, eyes irritation, fatigue, headache, nausea, nose irritation, sore throat, skin irritation 

and throat irritation. 

 

 4.7.1 Association between Benzene concentration and health symptoms 
 

 The table 19 shows associations between Benzene concentration and health symptoms, 

given in percentages and p-value. The results shows that Benzene concentration is only 

associated in a statistically significant manner with fatigue within the past three months             

(p-value of 0.038). It might be concluded that the concentration of benzene at low levels can 
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cause fatigue in up to 77.4% of the subjects exposed to Benzene at this level. Meanwhile, 

exposure to benzene at high concentrations may not cause fatigue in up to 66.7% of the cases. 

For the other 10 symptoms, there were no statistically significant results (p < 0.05) 

 

Table 19 Association between Benzene concentration and health symptoms 

in the currently time and in the past three months (n of participants = 40) 

 Benzene Concentration 

p-value Low 

n (%) 

High 

n (%) 

Cough/Sneeze    

While working 

Yes 

No 

 

11 (91.7) 

24 (85.7) 

 

1 (8.3) 

4 (14.3) 

1.000 

In the past 3 months 
Yes 

No 

 

10 (90.0) 

25 (86.2) 

 

1 (9.1) 

4 (13.8) 

1.000 

Dizziness    

While working 

Yes 

No 

 

7 (100.0) 

28 (84.9) 

 

0 

5 (15.2) 

0.565 

In the past 3 months 
Yes 

No 

 

7 (87.5) 

28 (87.5) 

 

1 (12.5) 

4 (12.5) 

1.000 

Drowsiness    

While working 

Yes 

No 

 

6 (100.0) 

29 (85.3) 

 

0 

5 (14.7) 

1.000 

In the past 3 months 
Yes 

No 

 

 5 (100.0) 

30 (85.7) 

 

1 (11.1) 

5 (14.3) 

1.000 

Eyes Irritation    

While working 

Yes 

No 

 

15 (93.8) 

20 (83.3) 

 

1 (6.2) 

4 (16.7) 

0.272 

In the past 3 months 
Yes 

No 

 

14 (87.5) 

21 (87.5) 

 

2 (12.5) 

3 (12.5) 

1.000 

Fatigue    

While working 

Yes 

No 

 

27 (93.1) 

8 (72.7) 

 

2 (6.9) 

3 (27.3) 

0.083 

In the past 3 months 
Yes 

No 

 

26 (92.9) 

9 (75.0) 

 

2 (7.1) 

3 (25.0) 
0.038* 

Headache    
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 Benzene Concentration 

p-value Low 

n (%) 

High 

n (%) 

While working 

Yes 

No 

 

13 (92.9) 

22 (84.6) 

 

1 (7.1) 

4 (15.4) 

0.124 

In the past 3 months 
Yes 

No 

 

15 (93.8) 

20 (83.3) 

 

1 (6.2) 

4 (16.7) 

0.117 

Nausea    

While working 

Yes 

No 

 

4 (100.0) 

31 (86.1) 

 

0 

5 (13.9) 

1.000 

In the past 3 months 
Yes 

No 

 

2 (100.0) 

33 (86.8) 

 

0 

5 (13.2) 

1.000 

Nose Irritation    

While working 

Yes 

No 

 

10 (100.0) 

25 (83.3) 

 

0 

5 (16.7) 

0.404 

In the past 3 months 
Yes 

No 

 

11 (100) 

24 (82.2) 

 

0 

5 (17.2) 

0.399 

Sore Throat    

While working 

Yes 

No 

 

9 (100.0) 

26 (83.9) 

 

0 

5 (16.1) 

 

0.654 
In the past 3 months 
Yes 

No 

 

7 (100.0) 

28 (84.8) 

 

0 

5 (15.2) 

0.175 

Skin Irritation    

While working 

Yes 

No 

 

11 (91.7) 

24 (85.7) 

 

1 (8.3) 

4 (14.3) 

0.697 

In the past 3 months 
Yes 

No 

 

9 (90.0) 

26 (86.7) 

 

1 (10.0) 

4 (13.3) 

0.404 

Throat Irritation    

While working 

Yes 

No 

 

9 (90.0) 

26 (86.7) 

 

1 (10.0) 

4 (13.3) 

0.654 

In the past 3 months 
Yes 

No 

 

8 (88.9) 

23 (87.1) 

 

1 (11.1) 

4 (12.9) 

0.654 

For test association, Fisher’ exact test was used, the significant level was set at 0.05 
* 

There was association between Benzene concentration and fatigue occurring in the past 3 months. 
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4.7.2 Association between Toluene concentration and health symptoms 

 Associations between the concentration of Toluene and health symptoms are illustrated 

in table 20. The results shows that Toluene concentration and all the 11 symptoms were not 

significantly associated (p-value > 0.05) at both low and high level. Therefore, it may be 

concluded that there was no association between Toluene concentration and all symptoms. 

Table 20 Association between Toluene concentration and health symptoms  

in the currently time and in the past three months (n of participants = 40) 

 Toluene Concentration 

p-value Low 

n (%) 

High 

n (%) 

Cough/Sneeze    

While working 

Yes 

No 

 

5 (41.7) 

17 (60.7) 

 

7 (58.3) 

11 (39.3) 

1.000 

In the past 3 months 
Yes 

No 

 

5 (45.5) 

17 (58.6) 

 

6 (54.5) 

12 (41.4) 

1.000 

Dizziness    

While working 

Yes 

No 

 

1 (14.3) 

21 (63.6) 

 

6 (85.7) 

12 (36.4) 

0.567 

In the past 3 months 
Yes 

No 

 

1 (12.5) 

21 (65.6) 

 

7 (87.5) 

11 (34.4) 

1.000 

Drowsiness    

While working 

Yes 

No 

 

3 (50.0) 

19 (55.9) 

 

3 (50.0) 

15 (44.1) 

1.000 

In the past 3 months 
Yes 

No 

 

2 (40.0) 

20 (57.1) 

 

3 (60.0) 

15 (42.9) 

1.000 

Eyes Irritation    

While working 

Yes 

No 

 

8 (50.0) 

14 (58.3) 

 

8 (50.0) 

10 (41.7) 

1.000 

In the past 3 months 
Yes 

No 

 

7 (43.8) 

15 (62.5) 

 

9 (56.2) 

9 (37.5) 

1.000 

Fatigue    

While working 

Yes 

No 

 

15 (51.7) 

7 (63.6) 

 

14 (48.3) 

4 (36.4) 

0.162 

In the past 3 months 
Yes 

No 

 

13 (46.4) 

9 (75.0) 

 

15 (53.6) 

3 (25.0) 

0.643 
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 Toluene Concentration 

p-value Low 

n (%) 

High 

n (%) 

Headache    

While working 

Yes 

No 

 

6 (42.9) 

16 (61.5) 

 

8 (57.1) 

10 (38.5) 

1.000 

In the past 3 months 
Yes 

No 

 

6 (37.5) 

16 (66.7) 

 

10 (62.5) 

8 (33.3) 

0.654 

Nausea    

While working 

Yes 

No 

 

 3 (75.0) 

19 (52.8) 

 

 1 (25.0) 

17 (47.2) 

0.493 

In the past 3 months 
Yes 

No 

 

1 (50.0) 

21 (55.3) 

 

1 (50.0) 

17 (44.7) 

0.281 

Nose Irritation    

While working 

Yes 

No 

 

5 (50.0) 

17 (56.7) 

 

5 (50.0) 

13 (43.3) 

1.000 

In the past 3 months 
Yes 

No 

 

5 (45.5) 

17 (58.6) 

 

6 (54.5) 

12 (41.4) 

1.000 

Sore Throat    

While working 

Yes 

No 

 

5 (55.6) 

17 (54.8) 

 

4 (44.4) 

14 (45.2) 

1.000 

In the past 3 months 
Yes 

No 

 

3 (42.9) 

19 (57.6) 

 

4 (57.1) 

14 (42.4) 

1.000 

Skin Irritation    

While working 

Yes 

No 

 

6 (50.0) 

16 (57.1) 

 

6 (50.0) 

12 (42.9) 

0.648 

In the past 3 months 
Yes 

No 

 

3 (70.0) 

19 (63.3) 

 

7 (70.0) 

11 (36.7) 

0.307 

Throat Irritation    

While working 

Yes 

No 

 

5 (50.0) 

3 (50.0) 

 

5 (50.0) 

28 (82.4) 

0.115 

In the past 3 months 
Yes 

No 

 

3 (50.0) 

17 (56.7) 

 

6 (17.6) 

13 (43.3) 

0.115 

   *For test association, Fisher’ exact test was used 
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4.8 Association between BT urinary metabolites and health symptoms 

 Fisher’s exact test was used to find association between urinary metabolites 

concentration and health symptoms. Using median concentration obtained from collected data 

as a benchmark, urinary metabolite concentration of Benzene and of Toluene can be classified 

into two levels: low and high. Concentration ranging from minimum to median value is 

classified as “low” while concentration ranging from median to maximum value is classified as 

“high”. The health symptoms, include the 11 symptoms mentioned earlier in section 4.7. The 

results are shown in table 21 and table 22. 

 

 4.8.1 Association between Benzene Urinary Metabolite (trans, trans-

Muconic acid) and health symptoms 

  

 The table 21 illustrates associations between trans, trans Muconic acid concentration 

and health symptoms, given in percentages and p-value. The results show that trans, trans-

Muconic acid concentration is associated in a statistically significant manner with eyes irritation 

(p-value of 0.010), fatigue (p-value of 0.041), headache (p-value of 0.048), and throat irritations 

(p-value of 0.020) within the past three months. Firstly, 63.2% of the participants exposed to 

this “low” concentration of trans, trans Muconic acid are believed to have experienced eyes 

irritation within the past three months. At the same time, exposure to high concentration level 

influence the occurrence of eyes irritation in 80% of the subjects exposed to that concentration 

level. Secondly, 85% of those exposed to trans, trans Muconic acid at low concentrations 

appeared to experience fatigue. Meanwhile, there was a 50-50 split between those who had and 

had not experienced fatigue after being exposed to this urinary metabolite at high concentration. 

Exposure to trans, trans Muconic acid at high concentrations, however, did not appear to affect 

the incidence of headache in 80% of the cases, while exposure at low concentrations seemed to 

influence the occurrence of headache in 55% of the cases. Additionally, throat irritation also 

occurred among 40% of those exposed to low concentrations but only 5% among those exposed 

to high concentrations. 
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Table 21 Association between trans, trans Muconic acid and health symptoms  

in the currently time and in the past three months (n of participants = 40) 

 t,t-Muconic acid concentration 

p-value Low 

n (%) 

High 

n (%) 

Cough/Sneeze    

While working 

Yes 

No 

 

7 (58.3) 

13 (46.4) 

 

5 (41.7) 

15 (53.6) 

0.301 

In the past 3 months 
Yes 

No 

 

7 (63.6) 

13 (44.8) 

 

4 (36.4) 

16 (55.2) 

0.155 

Dizziness    

While working 

Yes 

No 

 

2 (28.6) 

18 (54.5) 

 

5 (71.4) 

15 (45.5) 

1.000 

In the past 3 months 
Yes 

No 

 

16 (50.0) 

20 (50.0) 

 

16 (50.0) 

20 (50.0) 

0.695 

Drowsiness    

While working 

Yes 

No 

 

5 (83.3) 

15 (44.1) 

 

1 (16.7) 

19 (55.9) 

0.182 

In the past 3 months 
Yes 

No 

 

4 (80.0) 

16 (45.7) 

 

1 (20.0) 

19 (54.3) 

0.342 

Eyes Irritation    

While working 

Yes 

No 

 

10 (62.5) 

10 (41.7) 

 

6 (37.5) 

14 (58.3) 

0.105 

In the past 3 months 
Yes 

No 

 

11 (68.8) 

9 (37.5) 

 

5 (31.2) 

15 (62.5) 
0.010* 

Fatigue    

While working 

Yes 

No 

 

16 (55.2) 

4 (36.4) 

 

12 (60.0) 

7 (63.6) 

0.155 

In the past 3 months 
Yes 

No 

 

17 (60.7) 

3 (25.0) 

 

11 (39.3) 

9 (75.0) 
0.041* 

Headache    

While working 

Yes 

No 

 

7 (50.0) 

13 (50.0) 

 

7 (50.0) 

13 (50.0) 
0.741 
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 t,t-Muconic acid concentration 

p-value Low 

n (%) 

High 

n (%) 

In the past 3 months 
Yes 

No 

 

11 (68.8) 

9 (37.5) 

 

5 (31.2) 

15 (62.5) 
0.048* 

Nausea    

While working 

Yes 

No 

 

2 (50.0) 

18 (50.0) 

 

2 (50.0) 

18 (50.0) 

1.000 

In the past 3 months 
Yes 

No 

 

19 (50.0) 

20 (50.0) 

 

19 (50.0) 

20 (50.0) 

1.000 

Nose Irritation    

While working 

Yes 

No 

 

6 (60.0) 

14 (46.7) 

 

 4 (40.0) 

16 (53.3) 

0.273 

In the past 3 months 
Yes 

No 

 

7 (63.6) 

13 (44.8) 

 

4 (36.4) 

16 (55.2) 

0.155 

Sore Throat    

While working 

Yes 

No 

 

6 (66.7) 

14 (45.2) 

 

3 (33.3) 

17 (54.8) 

0.127 

In the past 3 months 
Yes 

No 

 

5 (71.4) 

15 (45.5) 

 

2 (28.6) 

18 (54.5) 

0.091 

Skin Irritation    

While working 

Yes 

No 

 

6 (50.0) 

14 (50.0) 

 

6 (50.0) 

14 (50.0) 

0.731 

In the past 3 months 
Yes 

No 

 

6 (60.0) 

14 (46.7) 

 

4 (40.0) 

16 (53.3) 

0.273 

Throat Irritation    

While working 

Yes 

No 

 

7 (70.0) 

13 (43.3) 

 

3 (30.0) 

17 (56.7) 

0.127 

In the past 3 months 
Yes 

No 

 

7 (77.8) 

13 (41.9) 

 

2 (22.2) 

18 (58.1) 
0.020* 

Test of association by using Fisher’ exact test, statistic significant was set at 0.05 

*There was association between trans,trans Muconic acid and eyes irritation, fatigue, headache, and 

throat irritation in the past 3 months. 
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4.8.2 Association between Hippuric acid and health symptoms 

 

 Associations between Hippuric acid concentration and health symptoms, given in 

percentages and p-value are displayed in table below (Table 22). Hippuric acid concentration 

is only associated in a statistically significant manner with the symptom of drowsiness shown 

both during work (p-value of 0.020) and within the past three months (p-value of 0.047). 

Among those exposed to low concentrations, 30% experienced drowsiness during work hours 

whereas 25% experienced the same symptom within the past three months. For other 

symptoms, there were no statistically significant results for both low and high concentration 

level (p > 0.05).  

Table 22 Association between Hippuric acid and health symptoms 

in the currently time and in the past three months (n of participants = 40) 

 Hippuric acid concentration 
p-value Low 

n (%) 

High 

n (%) 

Cough/Sneeze    

While working 

Yes 

No 

 

7 (58.3) 

13 (46.4) 

 

5 (41.7) 

15 (53.6) 

0.731 

In the past 3 months 
Yes 

No 

 

7 (63.6) 

13 (44.8) 

 

4 (36.4) 

16 (55.2) 

0.480 

Dizziness    

While working 

Yes 

No 

 

3 (42.9) 

17 (51.5) 

 

4 (57.1) 

16 (48.5) 

1.000 

In the past 3 months 
Yes 

No 

 

4 (50.0) 

16 (50.0) 

 

4 (50.0) 

16 (50.0) 

1.000 

Drowsiness    

While working 

Yes 

No 

 

6 (100.0) 

14 (41.2) 

 

0 

20 (58.8) 
0.020* 

In the past 3 months 
Yes 

No 

 

5 (100.0) 

15 (42.9) 

 

0 

20 (57.1) 
0.047* 

Eyes Irritation    

While working 

Yes 

No 

 

6 (37.5) 

14 (58.3) 

 

10 (62.5) 

10 (41.7) 

0.333 

In the past 3 months 
Yes 

No 

 

6 (37.5) 

14 (58.3) 

 

10 (62.5) 

10 (41.7) 

0.333 
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 Hippuric acid concentration 
p-value Low 

n (%) 

High 

n (%) 

Fatigue    

While working 

Yes 

No 

 

14 (48.3) 

6 (54.5) 

 

15 (51.7) 

5 (45.5) 

1.000 

In the past 3 months 
Yes 

No 

 

13 (46.4) 

7 (58.3) 

 

15 (53.6) 

5 (41.7) 

1.000 

Headache    

While working 

Yes 

No 

 

6 (42.9) 

14 (53.8) 

 

8 (57.1) 

12 (46.2) 

0.741 

In the past 3 months 
Yes 

No 

 

7 (43.8) 

13 (54.2) 

 

9 (56.2) 

11 (45.8) 

1.000 

Nausea    

While working 

Yes 

No 

 

1 (25.0) 

19 (52.8) 

 

3 (75.0) 

17 (47.2) 

0.605 

In the past 3 months 
Yes 

No 

 

0  

20 (52.6) 

 

2 (100.0) 

18 (47.4) 

0.487 

Nose Irritation    

While working 

Yes 

No 

 

5 (50.0) 

15 (50.0) 

 

5 (50.0) 

15 (50.0) 

1.000 

In the past 3 months 
Yes 

No 

 

5 (45.5) 

15 (51.7) 

 

6 (54.5) 

14 (48.3) 

1.000 

Sore Throat    

While working 

Yes 

No 

 

3 (33.3) 

17 (54.8) 

 

6 (66.7) 

14 (45.2) 

0.451 

In the past 3 months 
Yes 

No 

 

3 (42.9) 

17 (51.5) 

 

4 (57.1) 

16 (48.5) 

1.000 

Skin Irritation    

While working 

Yes 

No 

 

7 (58.3) 

13 (46.4) 

 

5 (41.7) 

15 (53.6) 

0.731 

In the past 3 months 
Yes 

No 

 

5 (50.0) 

15 (50.0) 

 

5 (50.0) 

15 (50.0) 

1.000 
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 Hippuric Acid Concentration 

p-value Low 

n (%) 

High 

n (%) 

Throat Irritation 

While working 

Yes 

No 

 

7 (70.0) 

13 (43.3) 

 

3 (30.0) 

17 (56.7) 

0.451 

In the past 3 months 
Yes 

No 

 

5 (55.6) 

15 (48.4) 

 

4 (44.4) 

16 (51.6) 

1.000 

*There was association between Hippuric acid and drowsiness both while working and in the past 3 

months. 
 

4.9 Association between BT exposure and health symptoms 

 According to the study about the association between environmental factors, personal 

information, and health symptoms that occurred with exposure to Benzene, Toluene and their 

urinary metabolites were not similar such above. However, since the results from Fisher’s exact 

test were not clear enough to determine the relationship between the factors so as to find 

associations between risk factors and health symptoms occurrence, logistic regression test was 

used. Such logistic regression analysis, personal information and environmental factors 

(gender, age, BMI, smoking behavior, second hand smoke, house location, and mask usage) 

were employed for the analysis to adjust for the confounding factors that could interfere with 

the results. Logistic regression analysis displays associations between Benzene exposure and 

one of those symptoms. Benzene exposure is associated with fatigue in a statistically significant 

manner (p-value of 0.032; OR = 21.166; 95% CI, 1.297 – 345.494) (Table 23). On the other 

hand, the analysis did not find that increasing amount of Toluene exposure influence those 

health symptoms in a statistically significant manner (p-value > 0.05) (Table 24). 
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Table 23 Adjusted ORs for association Benzene exposure and health symptoms  
(Adjusted for gender, age, BMI, smoking behavior, second hand smoke, house location, mask usage, working area, 

working experiences, job rotating and duration of work) 

 
Adjusted ORs 

95% CI 
p-value 

Lower Upper 

Benzene 

Cough/Sneeze 47.951 0.755 3.046×103 0.068 

Drowsiness 1.636 0.002 1.284×103 0.885 

Eyes Irritation 1.704 0.215 13.496 0.614 

Fatigue 21.166 1.297 345.494 0.032* 

Headache 6.140 0.414 91.030 0.187 

Nose Irritation 4.470 0.163 122.824 0.376 

Sore Throat 4.630 0.280 76.445 0.284 

Skin Irritation 1.854 0.162 21.191 0.619 

Throat Irritation 6.681 0.106 420.337 0.369 

*Statistic significantly (p < 0.05) 

 

Table 24 Adjusted ORs for association Toluene exposure and health symptoms  
(Adjusted for gender, age, BMI, smoking behavior, second hand smoke, house location, mask usage, working area, 

working experiences, job rotating and duration of work) 

 Adjusted ORs 
95%CI 

p-value 
Lower Upper 

Toluene 

Cough/Sneeze 0.782 0.024 25.797 0.891 

Eyes Irritation 2.628 0.086 80.728 0.580 

Headache 2.040 0.128 32.650 0.614 

Nose Irritation 0.376 0.013 10.836 0.569 

Sore Throat 0.058 0.001 6.103 0.231 

Skin Irritation 0.712 0.030 17.044 0.834 
*Statistic significantly (p < 0.05) 

 

4.10 Association between BT urinary metabolites and health symptoms 

 Apart from Fisher’ exact test was used to find relationship between BT urinary 

metabolites and health symptoms. Logistic regression method was also used to determine risk 

factors that may affect the health symptoms. The essential facts were loaded into the method 

for analysis, as BT exposure association. The analysis results illustrate t,t-Muconic acid, urinary 

metabolite of Benzene, associated statistical significantly with cough/sneeze cough/sneeze  

(p-value of 0.035; OR = 45.826, 95% CI, 1.303 – 1.611 × 103), eyes irritation (p-value of 0.034; 

OR = 23.662, 95% CI, 1.273 - 439.664) and sore throat (p-value of 0.041; OR = 130.638, 95% 
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CI, 1.219 - 1.400 × 104). In contrast, Hippuric acid was not associated with any health symptoms 

(p-value > 0.05). The result were displayed in the table 25 and table 26. 

 

Table 25 Adjusted ORs for association Benzene urinary metabolite exposure 

(trans,trans-Muconic acid) and health symptoms 
(Adjusted for gender, age, BMI, smoking behavior, second hand smoke, house location, mask usage, working area, 

working experiences, job rotating and duration of work) 

 
Adjusted ORs 

95% CI 
p-value 

Lower Upper 

trans,trans-Muconic acid 

Cough/Sneeze 45.826 1.303 1.611×103 0.035* 

Dizziness 1.818 0.084 39.402 0.703 

Drowsiness 21.732 0.660 715.973 0.084 

Eyes Irritation 23.662 1.273 439.664 0.034* 

Fatigue 17.711 0.876 357.943 0.061 

Headache 11.836 0.601 233.117 0.104 

Nausea 4.118 0.160 105.785 0.393 

Nose Irritation 225.285 0.543 9.349E4 0.078 

Sore Throat 130.638 1.219 1.400×104 0.041* 

Skin Irritation 4.856 0.490 48.108 0.177 

Throat Irritation 20.809 0.619 699.556 0.091 
*Statistic significantly (p < 0.05) 

 

Table 26 Adjusted ORs for association Toluene urinary metabolite exposure 

(Hippuric Acid) and health symptoms 
(Adjusted for gender, age, BMI, smoking behavior, second hand smoke, house location, mask usage, working area, 

working experiences, job rotating and duration of work) 

Hippuric acid 

Cough/Sneeze 3.302 0.228 47.932 0.381 

Dizziness 0.128 0.002 8.046 0.331 

Eyes Irritation 0.414 0.072 2.393 0.325 

Fatigue 0.367 0.044 3.032 0.352 

Headache  0.286 0.035 2.320 0.241 

Nose Irritation 0.384 0.031 4.743 0.455 

Sore Throat 0.406 0.050 3.285 0.398 

Skin Irritation 1.586 0.277 9.081 0.604 

Throat Irritation 0.406 0.014 11.430 0.596 

*Statistic significantly (p < 0.05) 
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CHAPTER V  

DISCUSSIONS 

5.1 General Information 

 All security guards who are responsible for the security and convenience of passengers 

at the sky train stations were the participants in this study. Most of the security guards are male. 

The results show that sky train security guards had an average age of 37 years old and an 

average age range of 40 or above, which is comparatively higher than the average working age 

range of Thais (25 to 59 years), according to defined by the National Bureau of Statistics, 2012. 

The average Body Mass Index (BMI) of sky train security guards was 18.50 – 24.99, which can 

be considered under a normal range.  

 One factor that may interfere with BT exposure is smoking behavior. According to the 

data from the study, 20% of the participants are smokers; of that figure, the average number of 

cigarettes smoked was 5.25 (±2.50) per day. Meanwhile, 37.5% of the participants are second-

hand smokers. 25% of the sky train security guards stated that their houses are located near 

sources of air pollution: 20% reside near major roads and 2.5% near garages that provide 

vehicle maintenance service. Additionally, the data also show that BTS sky-train is the most 

popular means that the participants (28.2%) used to commute to work, while another popular 

way is to commute on foot (25.6%). Those commuting by buses with air conditioning (Bus 

with AC) and without air conditioning (Bus without AC) constitute 20.5% and 10.3%, 

respectively. Meanwhile, commuting by motorcycle and other ways is the least popular option 

used only by 7.7% of the participants. Most of the sky train security guards (85%) worked 7 

days per week for 12 hours per day with an average day offs at 24.9 (±13.6) per year. Half of 

them stationed on the platform level and the other half on the ticketing level; 77.5% of 

participants in fact has never rotated jobs between ticketing and platform level. In addition, the 

data shows that their average working years is 1.2 (± 0.57) and that the majority (41.1%) has 

working experience in the range of 1 – 5 years. When questioned on the potential reasons for 

using masks, 64% cited pollution protection while 4% and 28% cited influenza protection and 

sickness, respectively. Only 4% would do so to follow regulations. In actual fact, 47.5% of the 

security guards never used any forms of Personal Protective Equipment during their working 

shifts. 
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5.2 BT concentration in air samples   

 The study found that the concentration of benzene and toluene does not follow the 

normal distribution curve, and thus presented them on the basis of median concentration.

 According to the results, BT concentrations were lower than Time Weight Average 

(TWA) defined by OSHA (2010) and NIOSH (2012). Additionally, the average concentrations 

were also lower than permissible exposure limits specified by Thailand Labor Law (Ministry 

of Interior, 1977). 

Table 27 Comparisons between Benzene and Toluene concentrations and their 

occupational exposure limits  

Chemical 

Average detected 

Concentration 

exposure (µg/m3) 

OSHA; TWA 

(µg/m3) 

NIOSH; TWA 

(µg/m3)  

Thailand 

Labor Law 

(µg/m3)  

Benzene 
0.21 ± 4.08 

(6.56 × 10-5 ppm) 

1,597 

(0.5 ppm)  

320 

 (0.1 ppm) 

31,947 

(10 ppm) 

Toluene 
242.40 ± 17.11 

(0.076 ppm) 

753,700 

 (200 ppm) 

3.75 × 105   

(100 ppm) 

753,700 

(200 ppm) 

 The study also found that the concentration of Benzene and Toluene were lower than 

those found in previous studies. The average concentration of benzene was similar to the 

findings discovered by Borgie through studying traffic policemen in Lebanon, in which an 

average Benzene concentration was at 0.3 µg/m3 (Borgie et al., 2014). Meanwhile, in a study 

targeted at passengers commuted by sky-train by Ongwandee, average Benzene concentration 

was found to be as high as 2 µg/m3, which can be considered inconsistent with this study 

(Ongwandee and Chavalparit, 2010). Benzene concentration in air samples of this study was 

inconsistent with those of other related studies, most of which show much higher concentration. 

 In terms of Toluene concentration, what we found is that the high concentration at 

242.40 µg/m3 is in conflict with the study of Ongwandee, which found only 36.9 µg/m3 of 

Toluene concentration and that of Loonsamrong’s study studied in parking workers at 53.97 

µg/m3 (Wasssana Loonsamrong et al., 2013). Hence, smokers can be exposed to amounts of 

toluene in cigarette smoke. Therefore, the reason of higher concentration of Toluene was 

probably due to smoking behavior of participants and second hand smokers. Still, the Toluene 

concentration of this study is similar to the 101.8 µg/m3 concentration presented in Borgie’s 

study. However, on the contrary, most studies found that Toluene concentration was lower. 

Figures of BT concentrations from other related research are displayed in the table below (Table 

28).  
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Table 28 BT concentrations from related research. 

Location 
Study population/ 

study area 

Average  

Benzene 

(µg/m3) 

Average 

Toluene 

(µg/m3) 

Reference 

Beirut, 

Lebanon 

Traffic policemen, 

Office policemen 
0.3, 0.3 101.8, 9.3 

Borgie et 

al. ,2014 

Kolkata, 

India 
Passenger cars 445.4 627.9 

D. Som et al., 

2007 

Bangkok, 

Thailand 
Parking workers 11.28 56.129 

Loonsamrong, 

2013 

Bangkok, 

Thailand 

Commuter on sky 

train 
2.0 36.9 

Ongwandee et 

al., 2010 

Bangkok, 

Thailand 

Toll-way station 

workers  
99.29 146.06 

Ruangtrakul et 

al., 2008 

HoChiMinh, 

Vietnam 

Roadside in urban 

areas 
56.0 121.0 

Tran Thi Ngoc 

et al., 2013 

Central-

northern, 

Italy 

Traffic police 

workers, parking 

wardens / roadside 

21.1, 91.1 13.5, 72.1 
Violante et al., 

2006 

  

 Moreover, this study also compared BT concentration under three different sub-criteria, 

according to the location of BT exposure: (1) ticketing v. platform level within the BTS sky 

train station (2) inner v. outer Bangkok (3) North v. East BTS sky train line. The non-

parametric, Mann-Whitney U test, was used to test the difference.  

 First of all, BT concentrations were compared between the two locations where security 

guards are stationed at: the ticketing level and the platform level. The results show that the 

median concentration of Benzene detected in both ticketing and platform level was exactly the 

same at 0.21 (µg/m3), a figure that is very close to the lowest Benzene concentration detected. 

The p-value of 0.188 also indicates that the difference in concentration between the two levels 

is not statistically significant. Meanwhile, the highest Benzene concentrations in the vicinity of 

the ticketing and platform level were widely different—the former at 136.98 and the latter at 

37.50 µg/m3. In terms of Toluene concentration, the maximum figure detected in the ticketing 

and the platform guards were 354.17 and 298.13 µg/m3, respectively, while the minimum figure 

for both was 0.07 µg/m3. The average concentration of Toluene was 247.03 µg/m3 at the 

ticketing level and 238.60 µg/m3 at the platform level. Supported by the p-value of 0.350, the 

difference in Toluene concentration may then be considered as not statistically significant 

between ticketing and platform level. 
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 Secondly, since, the PCD found two measuring point of Benzene concentration above 

the standard (Pollution Control Department, Ministry of Natural Resources and Environment, 

2013) at Din Daeng District (inner Bangkok) and Chokchai 4 (outer Bangkok). Consequently, 

BT concentrations between the 14 stations of inner Bangkok and the 6 stations of outer Bangkok 

were compared, the maximum concentration of Benzene of inner and outer Bangkok were 

136.98 and 32.50 µg/m3, respectively. Meanwhile, approximately 0.21 µg/m3 was both the 

minimum and the average concentration of Benzene for both inner and outer Bangkok. This 

average concentration of 0.21 µg/m3 is higher than the study of Tunsaringkarn et al (2012) in 

both inner (92.75±16.77 ppb) and outer Bangkok (137.53±57.89 ppb). There was no 

statistically significant difference in Benzene concentration between inner and outer Bangkok 

(p-value 0.549). Similarly, there also was no difference in Toluene concentration between inner 

and outer Bangkok (p-value of 0.549). It was found that 354.17 and 334.90 µg/m3 were the 

maximum Toluene concentration of inner and outer Bangkok while the minimum concentration 

was 0.07 µg/m3 for both regions. The average concentration of Toluene of both inner and outer 

Bangkok was higher than those figures found in the study targeted at gasoline station workers, 

at 242.29 and 250 µg/m3 for inner and outer Bangkok, respectively (T Tunsaringkarn, W 

Siriwong, A Rungsiyothin, and S Nopparabundit, 2012). Additionally, at p-value of 0.558, the 

difference in Toluene concentration was not considered statistically significant between inner 

and outer Bangkok. 

 Finally, for comparisons of BT Concentration between North (N) and East (E) BTS 

Sky-Train Line, the results illustrate no statistically significant difference in both Benzene and 

Toluene concentration between the 7 stations of North BTS Sky-Train Line and the 13 stations 

of East BTS Sky-Train Line (p-value 0.435 and 0.053, respectively). The highest concentration 

of Benzene detected in the N-Line and the E- Line were 20.63 and 136.98 µg/m3, respectively, 

while those of Toluene were 286.04 and 354.17 µg/m3, respectively. Meanwhile, 0.21 µg/m3 

was both the lowest and the median concentration of Benzene detected in the N-Line and the 

E- Line. On the other hand, the lowest concentration of Toluene in both inner and outer 

Bangkok was 0.07 µg/m3, while its median concentration was 224.01 µg/m3 for the N-Line and 

253.13 µg/m3 for the E-Line.    
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5.3 BT urinary metabolites in urine samples  

 According to the results, the average concentration of Benzene urinary metabolites        

(1.02 mg /g Cr of t,t-Muconic acid) was higher than the ACGIH BEIs (Biological Exposure 

Indices). Meanwhile, trans,trans Muconic acid, urinary metabolite of Toluene, was not 

exceeded the BEIs of ACGIH (269.32 mg/g Cr). BEIs of trans,trans-Muconic acid is defined at 

500μg /g Cr and BEIs of Hippuric acid is defined at 1.6 g/g Cr (American Conference of 

Government Industrial Hygienists, 2005). Increasing of urinary metabolites concentration 

might result from the usage of mask because most of participant did not use the mask to protect 

pollution in working time. The transportation that how participants went to work may be 

another reason that influence such increasing.  The comparisons between BT urinary metabolite 

concentration and BEIs were shown in table 29. 

Table 29 Comparisons between Benzene and Toluene urinary metabolites 

concentrations and their occupational exposure limits 
 

Chemical 

Average detected 

Concentration exposure 

(mg/g Creatinine) 

ACGIH; BEIs  

trans, trans Muconic acid 

(urinary metabolite of Benzene) 

1.02 ± 0.35 

(1.02 × 103 µg/g Cr) 

0.5 mg/g Cr 

(500 µg/g Cr)  

Hippuric acid 

(urinary metabolite of Toluene) 

269.32 ± 55.95 

(269 × 103 g/g Cr) 

1,600 mg/g Cr 

 (1.6 g/g Cr) 

 In addition, the average concentration of t,t-Muconic at 960 µg/g Cratinine was higher 

than the figure of 84.4 µg/g Cr found in traffic policeman and indoor policeman in Lebanon 

(Borgie et al., 2014). Moreover, both t,t-Muconic and Hippuric acid (26.9 × 104 g /g Cr) 

concentrations were much higher than those figures found in parking workers in Thailand 

(Wasssana Loonsamrong et al., 2013). 

 In terms of comparisons of BT urinary metabolites among security guards working at 

either the ticketing or the platform level, there was no statistically significant difference in the 

median level of Hippuric acid (p-value of 0.007) and of the t,t-Muconic acid between the two 

levels (p-value > 0.05). For comparisons between inner and outer Bangkok, as well as between 

the N-Line and the E-Line, the differences were also not statistically significant.  

 To find correlations between BT concentration and their urinary metabolites, 

Spearman’s correlation was used. BT concentrations display little or no correlations with their 

urinary metabolites, corresponding with a previous study (Borgie et al., 2014; Wassana 
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Loonsamrong et al., 2013). From the study of Borgie et al, it is suggested that the possible 

reason for the lack of correlation between BT concentrations and their urinary metabolite might 

be due to the fact that certain data of t,t-Muconic acid concentration was recorded at less than 

LOD (< 0.5). Meanwhile, some research found t,t-Muconic acid to be best associated with 

Benzene exposure (rs = 0.87, p-value < 0.01) and suggested that t,t-Muconic acid may have a 

promising role in the biological monitoring of benzene for both environmental and occupational 

exposure (Ong et al., 1995). On the other hand, WILCZOK (Wilczok and Bieniek, 1978) found 

that Hippuric acid exposure and the average concentration of toluene were correlated. This 

conclusion is inconsistent with our results; however, the possible reasons may be based on 

personal exposure, personal factors and other interfering factors (Veulemas and Masschelein, 

1979; Panev, Popov, Georgieva, and Chohadjieva, 2002). Most research related found good or 

strong correlation with BT concentration and their urinary metabolites in high risk workers who 

smoke cigarettes too much or work near pollution sources, for example, gasoline workers and 

urban policemen (Jamsai Suwansaksri and Viroj Wiwanitkit, 2000). 

 

5.4 BT concentration and health symptoms 

 Fisher’s exact test was used to find association between BT concentration and health 

symptoms and also find BT urinary metabolites and health symptoms association while 

working and within the past three months.  

 The most of Benzene and Toluene concentration exposure and health symptoms 

association was not associated (p-value > 0.05). However, there was only one pair that 

associated between Benzene concentration exposure and fatigue within the past three months 

at p-value of 0.038 due to fatigue had the highest percentage of health symptoms occurrence. 

On the other hand, the result from logistic regression analysis shows Benzene exposure only 

associated with fatigue, statistic significantly, at p-value of 0.032 (OR = 21.166; 95% CI, 1.297 

– 345.494). There was not consist with study of Loonsamrong et al (2013) studied in parking 

workers, and study of Tunsaringkarn et al (2014) studied in street venders which reported 

fatigue was not associated with Benzene and Toluene exposure. However, Tunsaringkarn et al 

(2012), studied in gasoline station workers, found that Benzene and Toluene exposure was 

significantly associated with fatigue (p-value < 0.05). On the other hand, the analysis did not 

find that the increasing Toluene exposure affects to those health symptoms (p-value > 0.05). It 

might be due to other risk factors that influenced to possibility of health symptoms occurrence. 

However, the health symptoms were questioned by questionnaires might cause a bias from the 

responses. Hence, the health symptoms may occur from a variety of causes not only occur from 

Volatile Organic Compounds exposure. 
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5.5 Urinary metabolites of BT and health symptoms 

 In terms of association between t,t-Muconic acid and health symptoms, the result was 

found that there was statistically significant (p-value < 0.05) association between trans, trans 

Muconic acid and eyes irritation (p-value of 0.010), fatigue (p-value of 0.041), headache           

(p-value of 0.048), and throat irritation (p-value of 0.020) in the past 3 months since the three 

symptoms were the top three of health symptoms occurrence from response of participants.  

 For association of Hippuric acid and health symptoms, the result was found 

concentration of Hippuric acid was only associated statistically significant with Drowsiness 

within working (0.020 of p-value) and the past 3 months (0.047 of p-value). In contrast, the 

analysis results from logistic regression illustrate t,t-Muconic acid, urinary metabolite of 

Benzene, was associated statistical significantly (p-value of 0.035) with cough/sneeze (OR = 

45.826, 95% CI, 1.303 – 1.611 × 103) ,eyes irritation, (p-value of 0.034; OR = 23.662, 95% CI, 

1.273 - 439.664) and associated statistically significant (p-value of 0.041) with sore throat (OR 

= 130.638, 95% CI, 1.219 - 1.400 × 104). On contrary, Hippuric acid was not associated with 

any health symptoms (p-value > 0.05) which since there was other risk factors that affect to 

likelihood of health symptoms occurrence. The relativity between concentration of urinary 

metabolites and health symptoms may be depend on other factors, for example, personal habits, 

alcohol consumption, living places and distance from pollution sources (Siqueira and Paiva, 

2002). However, there is few knowledge about association between exposure of BT urinary 

metabolites and health symptoms.  
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CHAPTER VI  

CONCLUSION 

6.1 Conclusion 

 Concentration of Benzene in median was lower than former studies whilst median 

concentration of Toluene was higher than previous studies. In the fact that, concentration of 

Benzene and Toluene might depend on the height of the sky-train station, about 12 meters from 

ground and air ventilation in that area as well as personal exposure. Although the concentration 

of Benzene and Toluene were much deference than previous studies, the concentration of the 

Benzene and Toluene had not been exceeded the permissible exposure limits value at average 

8 hours that assigned by international organizations. Comparison of BT concentration in 

difference working locations was not difference in all locations. For BT urinary metabolites 

concentration, both BT urinary metabolites, t,t-Muconic acid and Hippuric acid, were higher 

than BEIs (Biological Exposure Indices) which defined by American Conference of 

Governmental and Industrial Hygienist (ACGIH). Comparison of urinary metabolites 

concentration was difference between ticketing and platform level, the Hippuric acid 

concentration at ticketing level was higher than that of platform level which depended on 

personal exposure and other factors involving. 

 Correlation between BT concentration in the air and their urinary metabolites from 

urine examination presents these two variables were not correlated significantly. For this root, 

it may be interfered from various confounding factors.  

 Association between BT concentration exposure and likelihood of health symptoms 

occurrence investigation shows Benzene exposure was associated with fatigue while their 

urinary metabolite, t,t-Muconic acid, exposure was associated with cough/sneeze, eyes 

irriatation and sore throat. In addition, the result did not present any association between 

Toluene and their urinary metabolite, Hippuric acid, exposure and health symptoms. However, 

the association finding seems to be not strong enough to verify because of the small sample size 

and short sampling period. 
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6.2 Limitation  

 Limitations of this study include the small sample size that may have caused the skewed 

distribution of the data. In addition, the sampling period did not cover the entire 12-hour period 

of normal operation of the sky-train security guards. The period from 8 a.m. to 4 p.m. also did 

not completely cover the morning rush hours and ignored the evening rush-hours. Since the 

samples were only collected during two of the weekdays, the true volume of traffic (and hence, 

pollution) may not be accurately reflected. Meanwhile, as technical difficulties relating to the 

operation of air pumps were also experienced during data collection, measurement of the 

concentration of pollutants may not be accurate. In addition, questionnaire responses from 

participants are also subjected to answering biases. The individual perception towards his 

physical and mental well-being may have also influenced the manner in which he responded to 

the “Health Symptoms” section, which was used to calculate the correlation and association 

with the concentration of Benzene, Toluene and BT metabolites. 

6.3 Recommendation  

 Further studies should increase the sample size and duration of the sampling. In 

addition, the sampling should be repeated to accurately analyze the data.  Additionally, the 

researcher will provide relevant suggestions, including the utilization of Personal Protective 

equipment (PPE) and the implementation of other best practices, policies and regulations in the 

workplace, to the companies involved. 

 



 

 

REFERENCES 

 

Agency for Toxic Substances and Disease Registry. (2000). TOXICOLOGICAL PROFILE 

FOR TOLUENE: Agency for Toxic Substances and Disease Registry. 

 

Agency for Toxic Substances and Disease Registry. (2007). TOXICOLOGICAL PROFILE 

FOR BENZENE: Agency for Toxic Substances and Disease Registry. 

 

Borgie, M., Garat, A., Cazier, F., Delbende, A., Allorge, D., Ledoux, F., . . . Dagher, Z. (2014). 

Traffic-related air pollution. A pilot exposure assessment in Beirut, Lebanon. 

Chemosphere, 96, 122-128. doi: 10.1016/j.chemosphere.2013.09.034 

 

Caselli, M., de Gennaro, G., Marzocca, A., Trizio, L., & Tutino, M. (2010). Assessment of the 

impact of the vehicular traffic on BTEX concentration in ring roads in urban areas of 

Bari (Italy). Chemosphere, 81(3), 306-311. doi: 10.1016/j.chemosphere.2010.07.033 

 

D. Som, C. Dutta, A. Chatterjee, D. Mallick, T.K. Jana, & S. Sen. (2007). Studies on 

commuters' exposure to BTEX in passenger cars in Kolkata, India. Sci Total Environ, 

372(2-3), 426-432. doi: 10.1016/j.scitotenv.2006.09.025 

 

Demirel, G., Ozden, O., Dogeroglu, T., & Gaga, E. O. (2014). Personal exposure of primary 

school children to BTEX, NO(2) and ozone in Eskisehir, Turkey: relationship with 

indoor/outdoor concentrations and risk assessment. Sci Total Environ, 473-474, 537-

548. doi: 10.1016/j.scitotenv.2013.12.034 

 

Frederic Leusch, & Michael Bartkow, Smart Water Research Centre. (2010). A Short Primer 

on Benzene, Toluene, Ethylbenzene and Xylenes (BTEX) in the Environment and in 

hydraulic Frcturing Fluids. 

 

Integrated Risk Information System, I. (2002). TOXICOLOGICAL REVIEW OF BENZENE. 

Washington, DC: U.S. Environmental Protection Agency. 

 

Integrated Risk Information System, I. (2005). TOXICOLOGICAL REVIEW OF TOLUENE. 

Washington, D.C.: U.S. Environmental Protection Agency. 

 

International Agency for Research on Cancer. (1987). BENZENE: IARC MONOGRAPHS-

100F: International Agency for Research on Cancer. 

 

Lin, C.-C., Lin, C., Hsieh, L.-T., Chen, C.-Y., & Wang, J.-P. (2011). Vertical and Diurnal 

Characterization of Volatile Organic Compounds in Ambient Air in Urban Areas. 

Journal of the Air & Waste Management Association, 61(7), 714-720. doi: 

10.3155/1047-3289.61.7.714 

 

 



 

 

60 

Majumdar, D., Mukherjeea, A. K., & Sen, S. (2011). BTEX in Ambient Air of a Metropolitan 

City. Journal of Environmental Protection, 02(01), 11-20. doi: 

10.4236/jep.2011.21002 

 

Maryland Department of The Environment. (2007). Fact sheet of BTEX. Washington 

Boulevard, Baltimore MD: Maryland Department of the Environment. 

 

Mayurie Gunatilaka. (2003). Hazardous air pollutants: Concentrations of Benzene, Toluene, 

Ethylbenzene and Xylene (BTEX) in Christchurch. 

 

Milena B. Fernandes, Leila S.R. Brickus, J.C.Moreira, & J.N.Cardoso. (2002). Atmospheric 

BTX and polyaromatic hydrocarbons in Rio de Janeiro, Brazil. Chemosphere, 47, 417-

425.  

 

Occupational Safety and Health Administration. (2012). BIOLOGICAL EXPOSURE 

GUIDELINES (ACGIH BEI AND OSHA EXPANDED STANDARDS ONLY): 

Occupational Safety and Health Administration. 

 

Office of Transportation and Air Quality, United States Environmental Protection Agency. 

(2014). Near Roadway Air pollution and Health: Frequently Asked Questions: 

Pollution Control Department. 

 

Ongwandee, M., & Chavalparit, O. (2010). Commuter exposure to BTEX in public 

transportation modes in Bangkok, Thailand. J Environ Sci (China), 22(3), 397-404. 

doi: 10.1016/s1001-0742(09)60121-2 

 

Pakanon Promsuwan, & Winai Nutmakool. (2012). Determination and Health Risk Assessment 

of BTEX at Bus Stop Area in Bangkok.  

 

Pollution Control Department, Air Quality and Noise Management Bereau. (2009). 

Development of Environmental and Emission Standards of Volatile Organic 

Compounds (VOCs) in Thailand. Bangkok, Thailand: Pollution Control Deaprtment. 

 

Pollution control Department, Ministry of Natural Resources and Environment. (2012). 

Thailand State of Pollution Report 2012: Pollution Control Department. 

 

Pollution Control Department, Ministry of Natural Resources and Environment. (2013). 

Situation and Management of the Air pollution and Noise: Pollution Control 

Department. 

 

Raddawannapong, P. (2011). Using of CALINE 4 Program to Predict Benzene, Toluene, 

Ethylbenzene and Xylene Dispersion on Phaholyothin Road from Soi Phaholyothin 9 

to Soi Phaholyothin 15. (Master of Engineering), Kasetsart University, Kasetsart 

University.    

 



 

 

61 

Scherer, G., Renner, T., & Meger, M. (1998). Analysis and evaluation of trans,trans-muconic 

acid as a biomarker for benzene exposure. Journal of Chromatography B, 717(1-2), 

179-199. doi: Doi 10.1016/S0378-4347(98)00065-6 

 

United States Environmental Protection Agency, Washington. (2002). TOXICOLOGICAL 

REVIEW OF BENZENE (NONCANCER EFFECTS). Washington, DC: U.S. 

Environmental Protection Agency. 

 

Wasssana Loonsamrong, Nutta Taneepanichskul, Sitthichok Puangthongthub, & Tanasorn 

Tungsaringkarn. (2013). Health risk assessment of BTEX exposure to parking workers 

at one of parking structure in Bangkok Thailand. Journal of Health Research, 

29(Volume 29, Number 4, July-August, 2015). doi: 10.14456/jhr.2015.12 

 

Watcharadetch Thaiwat. (2009). Estimate of Particulate Matter Distribution from Large Scaled 

Construction Project for Air Quality Index Assessment. (Master of Engineering Safety 

Engineering), Chiang Mai University, Chaing Mai University.    

 

World Health Organization. (2000). Air Quality Guidelines: Second Edition. Copenhagen, 

Denmark: WHO Regional Office of Europe. 

 

World Health Organization. (2010). WHO guidelines for indoor air quality: selected pollutants. 

Copenhagen, Denmark: WHO Regional Office for Europe. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 

  



 

 

63 

APPENDIX A 

Institutional Review Board (IRB) Approval 



 

 

64 

APPENDIX B 

Questionnaire English Version 



 

 

65 

 



 

 

66 

 



 

 

67 

 



 

 

68 

APPENDIX C 
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APPENDIX D 

 

Table 1-D Fundamental Characteristics of BTS Security Guards 

 

General Characteristic Frequency (Percent) (n = 40) 

Body Weight (kilograms.) 

≤ 60 

61 – 70 

71 – 80 

Mean ± SD 

 

12 (30.0) 

17 (42.5) 

11 (27.5) 

64.4 ± 8.4 

Height (centimeters.) 

≤ 160 

161 – 170 

≥ 171  

Median ± SE 

 

14  (35.0) 

19 (47.5) 

7   (17.5) 

163.50 ± 1.49 

Pollution Sources near house 

Garage 

Major Road 

 

2   (5.0) 

8   (20.0) 

Type of Transportation 

Walking 

Bus with AC 

Bus without AC 

BTS 

Motorcycle 

Others  

 

10 (25.6) 

8   (20.5) 

5   (12.5) 

11 (28.2) 

3   (7.7) 

3   (7.7) 

a day off (days/year) 

≤ 10 

11 – 20 

21 – 30 

31 – 40 

41 – 50 

Median ± SE 

 

4   (10.0) 

12 (30.0) 

14 (35.0) 

2   (5.0) 

8   (20.0) 

24.0 ± 2.14 
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APPENDIX E 

 

 

 
 

Figure 1-E Calibration Curve of Benzene 

 

 

 

 

 

 

 
 

 
Figure 2-E Calibration Curve of Toluene 
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Figure 3-E Calibration Curve of trans, trans Muconic acid 
 
 
 
 

 
 
 

Figure 4-E Calibration Curve of Hippuric acid 
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APPENDIX F 

 

Table 1-F Odds-ratio of BT concentration and health symptoms within the past 3 

months 

 Test of association by using Odds ratio, the level of significant was set at 0.05 

 *Statistically significant between Benzene concentration and fatigue (p < 0.05) 

 

  

 

 

 

 

 

 

Health 

Symptoms 
ORs 

95% CI 
p-value 

Lower Upper 

Benzene    

Cough/Sneeze 3.810 0.417 34.763 0.399 

Dizziness 2.333 0.248 21.981 0.655 

Drowsiness 1.185 0.115 12.169 1.000 

Eyes Irritation 1.444 0.304 6.865 0.717 

Fatigue 6.857 1.355 34.705 0.038* 

Headache 6.588 0.733 59.216 0.117 

Nose Irritation 3.810 0.417 34.763 0.399 

Skin Irritation 3.273 0.356 30.097 0.404 

Throat Irritation 2.783 0.299 25.854 0.654 

Toluene     

Cough/Sneeze 1.389 0.216 8.927 1.000 

Dizziness 0.771 0.077 7.712 1.000 

Eyes Irritation 0.714 0.115 4.451 1.000 

Fatigue 2.727 0.285 26.118 0.643 

Headache 1.833 0.319 10.530 0.654 

Nausea 6.600 0.353 123.238 0.281 

Nose Irritation 0.480 0.050 4.647 1.000 

Sore Throat 0.933 0.092 9.507 1.000 

Throat Irritation 4.667 0.751 29.008 0.115 
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Table 2-F Odds-ratio of urinary metabolite concentration and health symptoms within 

the past 3 months  

Health Symptoms ORs 
95% CI 

p-value 
Lower Upper 

trans, trans Muconic acid 

Cough/Sneeze 3.778 0.827 17.252 0.155 

Dizziness 1.889 0.385 9.271 0.695 

Drowsiness 4.750 0.481 46.906 0.342 

Eyes Irritation 6.000 1.458 24.686 0.022* 

Fatigue 5.667 1.254 25.606 0.041* 

Headache 4.889 1.199 19.942 0.048* 

Nausea 1.000 0.058 17.181 1.000 

Nose Irritation 3.778 0.827 17.252 0.155 

Sore Throat 8.143 0.878 75.479 0.091 

Skin Irritation 3.051 0.659 14.137 0.273 

Throat Irritation 12.667 1.402 114.419 0.020* 

Hippuric acid 

Cough/Sneeze 2.154 0.515 9.000 0.480 

Dizziness 1.000 0.212 4.709 1.000 
Eyes Irritation 0.429 0.117 1.568 0.333 

Fatigue 0.796 0.211 2.998 1.000 

Headache 0.808 0.224 2.912 1.000 

Nose Irritation 0.778 0.193 3.130 1.000 
Sore Throat 0.706 0.136 3.658 1.000 
Skin Irritation 1.000 0.239 4.184 1.000 

Throat Irritation 1.333 0.300 5.926 1.000 
Test of association by using Odds ratio, the level of significant was set at 0.05 

 *Statistically significant between trans, trans Muconic acid concentration and eyes irritation, fatigue, headache 

and throat irritation (p < 0.05) 
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APPENDIX G 

Participant Information Sheet 
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APPENDIX H 

Advertisement for Participation 
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