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CHAPTER I 

INTRODUCTION 

 

1.1  Background and Rationale 

 

In the past, Methyl Tertiary Butyl Ether (MTBE) is mixed with gasoline in 

order to increase the octane number. However MTBE emits Volatile Organic 

Compounds (VOCs), toxics and nitrogen oxide, which affect to air quality (Fontaras 

et al., 2010).  

In the U.S., later Congress passed legislation that both removed the 

reformulated gasoline and required increased use of renewable fuels. Thus since 2006, 

there has been a large increase in the use of ethanol in the U.S. (EPA, 2009a). By this 

time most of the MTBE bans were in place so alcohol use in Reformulated Gasoline 

(RFG) was highest. The use of MTBE was slowly declining until the oxygenate 

mandate was removed by the Energy Policy Act of 2005 (EPA, 2009a). Since 2004, 

alternative fuels such as gasohol and biodiesel have been introduced and used in 

Thailand (Morknoy, Khummongkol, and Prueaksasit, 2010). 

Carbonyl compounds (CCs) which are common constituents of the atmosphere 

are generally known as a toxic for human health. Moreover, vehicle emission is 

believed to be the most important source of CCs. Also, atmospheric photochemical 

reaction is another important source (L  et al., 2006). By product in fuel ethanol 

(gasohol), it releases formaldehyde, acetaldehyde. (EPA, 2009a) Formaldehyde and 

acetaldehyde are two most abundant in urban air (Báez et al., 2003). Also 

formaldehyde and acetaldehyde are suspected carcinogen (Yu et al., 2008). Recently, 

a working group, convened by the IARC Monographs Programme concluded that 

formaldehyde is carcinogenic to humans and acetaldehyde is classified by IARC as 

group 2B, a possible human carcinogen based on sufficient evidence in animals and 

inadequate evidence in human (Cavalcante et al., 2006). Another example of CC, 

butyraldehyde, is found in exhaust from diesel engines (Luttrell, 2011).   

CCs are common component of rural and urban atmosphere and are of 

particular interest due to their potential impact on health (Báez et al., 2008). In large 
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urban area, CCs can be emitted from a variety of emission sources such as motor 

vehicles and gasoline stations (Seo, 2011). 

 This study aimed to assess the health risk of gasoline workers who work in 

gasoline station in Bangkok and expose to carbonyl compounds via inhalation. After 

all, such study rarely operates in Bangkok area. Author focused on formaldehyde and 

acetaldehyde and other CCs e.g. acetone, propionaldehyde, crotonaldehyde, 

butyraldehyde, benzaldehyde, isovaleraldehyde, valeraldehyde, o-tolualdehyde, 

hexanaldehyde, and 2,5-dimethylbenzaldehyde. 

 

1.2  Research Questions 

 

1. Are gasoline workers at risk from carbonyl compounds exposure via 

inhalation pathway? 

2. What are the health risk factors associated with carbonyl compounds 

exposure among workers in urban and suburb area of Bangkok metropolitan of 

Thailand? 

 

1.3  Hypotheses 

 

Hypothesis 1 

Ho :  Gasoline workers may not at risk from CCs exposure via 

inhalation pathway. 

H1 :  Gasoline workers may at risk from CCs exposure via inhalation 

pathway. 

Hypothesis 2 

Ho :  There is no association among health risk factors and 

symptoms occurrence in gasoline workers. 

H1 :  There is association among health risk factors and symptoms 

occurrence in gasoline workers. 
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1.4 Purpose of the study 

 

 The main objective of this study was to estimate the carbonyl compounds. The 

specific objective was: 

 1. To assess human risk associated with inhalation exposure to CCs in 

gasoline workers in both urban area and suburb area of Bangkok metropolitan of 

Thailand. 

 Specific objectives: 

 1. To describe the socio-demographic characteristics of gasoline workers in 

urban and suburb area of Bangkok metropolitan of Thailand. 

 2. To evaluate risk associated with CCs exposure for gasoline workers in 

urban and suburb area of Bangkok metropolitan of Thailand. 

 3. To investigate the health risk factors associated with symptom occurrence 

of gasoline workers. 

 

1.5  Benefit of this study 

 

 The concentration of carbonyl compounds and gasoline workers exposure 

were estimated. Human health risk related to inhalation exposure in gasoline workers 

were assessed. The suggested recommendation was   mentioned based on the results. 

 

 1.6  Operational Definitions 

 

Carbonyl Compounds (CCs) refer to formaldehyde, acetaldehyde, acetone, 

propionaldehyde, crotonaldehyde, butyraldehyde, benzaldehyde, isovaleraldehyde, 

valeraldehyde, o-tolualdehyde, hexanaldehyde and 2,5 dimethylbenzaldehyde. 

 

Carcinogenic effects refer to cancer that may be caused from formaldehyde 

and acetaldehyde related with slope factor (SF). 

 

Non-carcinogenic effects refer to non-cancer effect or acute effect or lifetime 

non-carcinogenic effect related to reference concentration (RfC). 
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Slope Factor (SF) refers to an upper bound, approximating a 95% confidence 

limit, on the increased cancer risk from a lifetime exposure to an agent. This estimate, 

usually expressed in units of proportion (of a population) affected per mg/kg-day, is 

generally reserved for use in the low-dose region of the dose-response relationship, 

that is, for exposures corresponding to risks less than 1 in 100 (IRIS, 2011). 

 

Chronic Reference Concentration (RfC) refers to an estimate (with 

uncertainty spanning perhaps an order of magnitude) of a continuous inhalation 

exposure for a chronic duration (up to a lifetime) to the human population (including 

sensitive subgroups) that is likely to be without an appreciable risk of deleterious 

effects during a lifetime. It can be derived from a NOAEL, LOAEL, or benchmark 

concentration, with uncertainty factors generally applied to reflect limitations of the 

data used. Generally used in EPA's non cancer health assessments (IRIS, 2011). 

 

Exposure factors refer to exposure time (ET), exposure frequency (EF), 

exposure duration (ED), averaging time (AT) carbonyl concentration (C), inhalation 

rate (IR) and body weight (BW). 

 

Gasoline workers refer to the workers in which he/she routinely responses 

and services for filling gasoline in each gasoline stations. 

 

Reasonable Maximum Exposure (RME) refers to the highest exposure that 

is reasonably expected to occur at a site. RMEs are estimated for individual pathway. 

If a population is exposed via more than one pathway, the combination of exposures 

across pathways also must represent an RME (EPA, 1989). 

 

Gasoline workers’ symptoms refer to drowsiness, dizziness, headaches, eye, 

skin irritation, respiratory tract irritation, unconsciousness, fatigue, nausea, sore throat 

or throat irritation, lack of muscle coordination and confusion. 
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Hazard quotient (HQ) refers to the ratio of the potential exposure to the 

substance and the level at which no adverse effects are expected. If the HQ is 

calculated to be equal to or less than 1, then no adverse health effects are expected as 

a result of exposure. If the HQ is greater than 1, then adverse health effects are 

possible. The HQ cannot be translated to a probability that adverse health effects will 

occur and it is unlikely to be proportional to risk. It is especially important to note that 

an HQ exceeding 1 does not necessarily mean that adverse effects will occur (EPA, 

2011). 

 

Hazard index (HI) refers to the sum of hazard quotients (HQs) for substances 

that affect the same target organ or organ system. Because different pollutants can 

cause similar adverse health effects, it is often appropriate to combine HQs associated 

with different substances. EPA has drafted revisions to the national guidelines on 

mixtures that support combining the effects of different substances in specific and 

limited ways. Ideally, HQs should be combined for pollutants that cause adverse 

effects by the same toxic mechanism. However, because detailed information on toxic 

mechanisms was not available for most of the substances in this assessment, EPA 

aggregates the effects when they affect the same target organ regardless of the 

mechanism. The hazard index (HI) is only an approximation of the aggregate effect 

on the target organ, (i.e., lungs) because some of the substances might cause irritation 

by different, (i.e., non-additive,) mechanisms. As with the HQ, aggregate exposures 

equal to or below an HI of 1.0 derived using target organ specific hazard quotients 

likely will not result in adverse non cancer health effects over a lifetime of exposure 

and would ordinarily be considered acceptable. However, an HI greater than 1.0 does 

not necessarily suggest a likelihood of adverse effects. Because of the inherent 

conservatism of the reference concentration (RfC) methodology, the acceptability of 

exceedances must be evaluated on a case-by-case basis, considering such factors as 

the confidence level of the assessment, the uncertainties, the slope of the dose-

response curve (if known), the magnitude of the exceedance, and the numbers or 

types of people exposed at various levels above the RfC. Furthermore, the HI cannot 
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be translated to a probability that adverse effects will occur and is not likely to be 

proportional to risk (EPA, 2011). 

 

1.7  Brief Descriptive of the Study Area 

 

 In this study, the study areas are in an urban and suburb of Bangkok, Thailand, 

in which all gasoline stations were located nearby roadside and mostly crowded with 

traffic on daytime. Four gasoline stations were purposively separated into urban site 

(P1 and P2) which located on the Sukhumvit road and suburb site (P3 and P4) located 

on the Bangna-Trad road (P3 and P4) (Figure 1.1). Both are residential, commercial 

and traffic jam area.  

   

 

Figure 1.1 The study area, urban (P1 and P2) and suburb (P3 and P4) areas, Bangkok, 

Thailand. 
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1.8  Conceptual framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Independent variable 

Exposure Assessment 

- Inhalation intake for lifetime 

non-carcinogenic effects 

- Inhalation intake for lifetime 

carcinogenic effect 

Risk Characterization 

- Non-carcinogenicity 

- Carcinogenicity 

Worker’s symptoms* 

Drowsiness, dizziness, 

headaches, eye, skin irritation, 

Respiratory tract irritation, 

Unconsciousness, Fatigue, 

Nausea, Sore throat or throat 

irritation, Lack of muscle 

coordinationandConfusion 

 

Dependent Variable 

 

*   Obtained data from face to face questionnaires 

** Obtained data from laboratory analysis 

Socio-demographic data* 

-Gender 

-Height 

-Age 

-Income 

-PPE usage 

Risk factors 

-Gender 

-Location of study areas 

-Gasoline workers duty and 

responsibility 

-Marital status 

-Education level 

-Workers‟ awareness of VOCs  

-Workers‟ Symptom occurrence in 

the last three month 

-Chronic disease  

-Smoking behavior 

Exposure factors 

-concentration of CCs** 

-exposure duration (ED)* 

-exposure frequency (EF)* 

-exposure time (ET)* 

-averaging time (AT) 

-Body weight (BW)* 

 



CHAPTER II 

LITERATURE REVIEW 

 

2.1  Gasoline and oxygenated additives 

 

Gasoline is the generic name for the complex flammable mixture of paraffins, 

olefins, naphthenes, and aromatic hydrocarbon that serves as principal fuel for the 

spark-activated internal combustion engine. In 1992 the world‟s apparent 

consumption of gasoline was 267 billion gallons (Weaver, 2001). Gasoline also 

contains a number of additives; those commonly used and propose they serve are 

shown in table 2.1. Oxygenates, including such compounds as MTBE, Ethanol, 

methanol are adding in gasoline as octane enhancers and antiknock agents (Weaver, 

2001). 

 

Table 2.1: Additives typically used in motor gasoline 

Agent Purpose 

tetraethyl/tetramethyl lead Antiknock 

ethylene dichloride/dibromide Lead scavengers 

Amines Detergents 

Sulfonates Antirust agents 

Aminophenols Antioxidants 

Light mineral oils Upper cylinder lubricants 

MTBE,ethanal,methanol Oxygenates 

(Adopt from Weaver, 2001) 

 

In 2000 Thailand was tasted gasohol for vehicles the result found that gasohol 

release the air pollution, in-expensive and did not harm the car‟s engine. After that the 

governments of Thailand push forward and promote people to using gasohol 

(Ministry of energy 2009, 2010). 
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2.2  Chemical reaction of alcohols in gasohol  

 

The atmospheric chemistry of alcohols, which are widely used as motor 

vehicle fuels (e.g. ethanol in Brazil) and as industrial solvents, has been reviewed with 

focus on kinetic data and on reaction mechanisms. Oxidation of alcohols in the 

atmosphere involves their reaction with the hydroxyl radical (OH). Alcohol-OH 

reaction rate constants are presented for 33 saturated alcohols including 

monofunctional and difunctional compounds. Major products are formaldehyde from 

methanol, acetaldehyde from ethanol, acetone from 2-propanol, 2-butanone and 

acetaldehyde from 2-butanol and acetone and formaldehyde from t-butyl alcohol 

(Grosjean, 1997). 

The reaction of OH with alcohols involves H-atom abstraction from C-H 

bonds; H-atom abstraction from the O-H bond is negligible. The alkyl radicals (R) 

and a-hydroxyalkyl radicals thus formed react with oxygen. This reaction involves 

addition for alkyl radicals (R + O2 →RO2) and H-atom abstraction for a-hydroxyalkyl 

radicals (e.g. ethanol + OH → CH3CHOH, CH3CHOH + O2 → HO2 + CH3CHO). 

The reaction sequence ethanol → acetaldehyde → peroxyacetyl nitrate (PAN, 

CH3C(O)OONO2) is described and is relevant to urban air pollution in Brazil 

(Grosjean, 1997). For another reference, by products in fuel ethanol compose to 

formaldehyde, acetaldehyde, furfural, 2-furancarboxaldeyde, acrolein, benzene, 

methanol, ethanol, glycerol, styrene, lactic acid and acetic acid (EPA, 2009a). 

In addition, formaldehyde, acetaldehyde, diesel particulate matter, and 1,3-

butadiene are not present in fuel but are by-products of incomplete combustion. 

Formaldehyde and acetaldehyde are also formed through a secondary process when 

other mobile source pollutants undergo chemical reactions in the atmosphere (EPA, 

1994). 

 

2.3  What is risk assessment? 

 

 Risk assessment, as applied to toxic hazards, is the process of evaluating the 

nature and likelihood of adverse effects that may occur following exposure to a 

chemical (Dalefield, Oehme, and Krieger, 2001). The risk assessment process seeks to 
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assign an objective measurement of risk to a certain exposure so decisions on 

chemical exposure based on reason rather than on fear, prejudice, or the skills of 

interested parties in manipulating the media or applying political pressure. 

 

Current systems for risk assessment 

 

 Currently, risk-assessment procedures can be divided into a) risk assessment 

for non-cancer toxic effects, b) cancer risk assessment, c) risk assessment for 

reproductive and developmental toxicity, and d) neurotoxicity risk assessment 

(Dalefield, Oehme, and Krieger, 2001). However, this research were assessed for non-

cancer toxic effects because the gasoline workers in gasoline station, most of them 

were became to gasoline workers in gasoline station for a long time. 

 

Risk assessment process for toxic effects 

 

 The primary default process was used by the EPA for quantitative risk 

assessment of non-cancer effects. The process aims to identify a safe exposure level 

that does not cause any adverse effect on human health. RfC (include RfD), formerly 

known as an acceptable daily intake (Dalefield, Oehme, and Krieger, 2001), is 

measured in mg/kg/day (concentration units depend on types chemical substance such 

as mg, ppm, ppb). 

 The risk assessment process (Figure. 2.1) for non-cancer effects and cancer 

effects includes the following 4 steps, hazard identification, dose-response 

assessment, exposure assessment, and risk characterization.  

 

Figure 2.1: The risk assessment process (EPA, 2010a) 
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2.3.1 Hazard Identification  

 

Hazard Identification is the process of determining whether exposure to a 

stressor can cause an increase in the incidence of specific adverse health effects (e.g., 

cancer, birth defects) and whether the adverse health effect is likely to occur in 

humans. In the case of chemical stressors, the process examines the available 

scientific data for a given chemical (or group of chemicals) and develops a weight of 

evidence to characterize the link between the negative effects and the chemical agent. 

Exposure to a stressor may generate many different adverse effects in a 

human: diseases, formation of tumors, reproductive defects, death, or other effects 

(EPA, 2010a). 

Based on this study, the Researcher mainly focused on carbonyl compounds 

such as formaldehyde and acetaldehyde,acetone, propionaldehyde, crotonaldehyde, 

butyraldehyde, benzaldehyde, isovaleraldehyde, valeraldehyde, o-tolualdehyde, 

hexanaldehyde, and 2,5-dimethylbenzaldehyde). 

 

Acetaldehyde 

 

 Acetaldehyde is a colorless, liquid and flammable. The chemical structure is 

shown below in Figure 2.2. For acute health effects about this chemical are irritation 

of the eyes, skin, and respiratory tract. For chronic effects, EPA divides this chemical 

into group B2 (probable to carcinogen for human) because lack of studies (EPA, 

2000a). Fontaras et al. (2010) mentioned that acetaldehyde is classified as a suspected 

carcinogen. 

 

 

Figure 2.2 Structure of Acetaldehyde 
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Formaldehyde 

 

Formaldehyde is a nearly colorless gas with a pungent, irritating odor even at 

very low concentrations (below 1 ppm). Its vapors are flammable and explosive. Most 

formaldehyde exposures occur by inhalation or by skin/eye contact, gasoline workers 

in gasoline station still expose the formaldehyde on their workplace. Formaldehyde 

vapor is readily absorbed from the lungs. In cases of acute exposure, formaldehyde 

will most likely be detected by smell. Persons who are sensitized to formaldehyde 

may experience headaches and minor eye and airway irritation (ATSDR, 2010a). But 

present IARC classify as carcinogenic (Fontaras et al., 2010). The chemical structure 

is shown below (Figure 2.3). 

 

 

 

Figure 2.3 Structure of formaldehyde 

 

Acetone 

 

Acetone is a manufactured chemical that is also found naturally in the 

environment. It is a colorless liquid with a distinct smell and taste. It evaporates 

easily, is flammable, and dissolves in water. Acetone is used to make plastic, fibers, 

drugs, and other chemicals. It is also used to dissolve other substances. It occurs 

naturally in plants, trees, volcanic gases, forest fires, and as a product of the 

breakdown of body fat. It is present in vehicle exhaust, tobacco smoke, and landfill 

sites. Industrial processes contribute more acetone to the environment than natural 

processes (ATSDR, 2010b). The chemical structure is shown below (Figure 2.4). 
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Figure 2.4 Structure of acetone 

 

Propionaldehyde 

 

Propionaldehyde is used in the manufacture of plastics, in the synthesis of 

rubber chemicals, and as a disinfectant and preservative.  Limited information is 

available on the health effects of propionaldehyde.  No information is available on the 

acute (short-term), chronic (long-term), reproductive, developmental or carcinogenic 

effects of propionaldehyde in humans.  Animal studies have reported that exposure to 

high levels of propionaldehyde, via inhalation, results in anesthesia and liver damage, 

and intraperitoneal exposure results in increased blood pressure.  EPA has not 

classified propionaldehyde for carcinogenicity (EPA, 2000b). The chemical structure 

is shown below (Figure 2.5). 

 

 

 

Figure 2.5 Structure of Propionaldehyde 

 

 

Crotonaldehyde 

 

Crotonaldehyde has been used as a warning agent in fuels, as alcohol 

denaturant, as stabilizer for tetraethyl-lead, in the preparation of rubber accelerators, 

and in leather tanning. Crotonaldehyde is emitted from the combustion of gasoline, 

the burning of wood and the burning of tobacco. Therefore, the general population 

may be exposed to crotonaldehyde through inhalation of tobacco smoke, gasoline and 
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diesel engine exhausts, and smoke from wood burning. Crotonaldehyde in the air can 

irritate eyes, nose, throat, and lungs, possibly causing cough and experience chest 

tightness and shortness of breath. High levels of crotonaldehyde can cause a build-up 

of fluid in lungs (ATSDR, 2002). The chemical structure is shown below (Figure 2.6). 

 

 

 

Figure 2.6 Structure of crotonaldehyde 

 

Butyraldehyde 

 

Butyraldehyde liquid and vapor can damage eyes and irritate the skin.  

Generally, the chemical has low acute lethality to laboratory animals (EPA, 1994). 

The chemical structure is shown below (Figure 2.7). 

 

 

 

Figure 2.7 Structure of butyraldehyde 

 

 

 

Benzaldehyde 

 

Benzaldehyde may cause irritation to the respiratory tract. Symptoms may 

include coughing, sore throat, labored breathing, and chest pain. Other health hazard 

such as forestomash lesions, kidney toxicity, necrotic and degenerative lesions of the 

brain, renal tubular necrosis and epithelial hyperplasia and hyperkeratosis of the 

forestomash in rat (Fontaras et al., 2010). The chemical structure is shown below 

(Figure 2.8). 
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Figure 2.8 Structure of benzaldehyde 

 

Isovaleraldehyde 

 

 Isovaleradehyde can irritation of eyes, skin, mucous membranes, respiratory 

system; chest tightness, cough, dyspnea; dizziness, headache, lethargy, anorexia, 

nausea, vomiting, diarrhea; sweating; tachycardia (OSHA, 2008). The chemical 

structure is shown below (Figure 2.9). 

 

 

 

Figure 2.9 Structure of isovaleraldehyde 

 

Valeraldehyde 

 

Valeraldehyde has been shown to be a severe irritant to the skin of guinea pigs 

and to the eyes of rabbits. Even though its irritation properties are considerable, it has 

low systemic toxicity. The dermal LD50for guinea pigs and the oral LD50for rats and 

mice are several grams per kilogram of body weight. The LC50was reported to be 

about 48,000 ppm for rats in a 1.2-h inhalation experiment (OSHA, 2011). The 

chemical structure is shown below (Figure 2.10). 
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Figure 2.10 Structure of valeraldehyde 

 

o-Tolualdehyde 

 

o-Tolualdehyde may cause respiratory tract irritation. The toxicological 

properties of this substance have not been fully investigated. Aspiration may lead to 

pulmonary edema. Inhalation at high concentrations may cause central nerve system 

(CNS) depression and asphixiation. For skin exposure, may cause irritation and 

dermatitis. Eyes contacts cause eye irritation (Chemical dictionary, 2009). The 

chemical structure is shown below (Figure 2.11). 

 

 

 

Figure 2.11 Structure of o-tolualdehyde 

 

Hexanaldehyde 

 

Hexanaldehyde may be harmful when inhaled, swallowed or absorbed through 

the skin. It is skin, eye and respiratory irritant (MSDS, 2003). The chemical structure 

is shown below (Figure 2.12). 

 

 

 

Figure 2.12 Structure of hexanaldehyde 
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2,5-Dimethylbenzaldehyde 

 

 2,5-Dimethylbenzaldehyde can be irritating to eyes, respiratory system and 

skin. It may cause sensitization by skin contact (Guide chem, 2011). The chemical 

structure is shown below (Figure 2.13). 

 

 

 

Figure 2.13 Structure of 2,5-dimethylbenzaldehyde 

 

2.3.2 Dose-response assessment 

  

A dose-response relationship describes how the likelihood and severity of 

adverse health effects (the responses) are related to the amount and condition of 

exposure to an agent (the dose provided).  Although this webpage refers to the "dose-

response” relationship, the same principles generally apply for studies where the 

exposure is to a concentration of the agent (e.g., airborne concentrations applied in 

inhalation exposure studies), and the resulting information is referred to as the 

"concentration-response" relationship.  The term "exposure-response" relationship 

may be used to describe either a dose-response or a concentration-response, or other 

specific exposure conditions (EPA, 2010b). This research were used the RfC values 

from many sources to evaluate health risk for gasoline workers, follow table 2.2. 

 

 

 

 



   18 

Table 2.2 Lists of Reference Concentration (RfC) and cancer slope factor (SF)  

Compounds 

 

Non-cancer 

RfC 

(µg/m3) 

Reference 

Source 

 

Cancer  

SF 

(mg/kg/day)
-1

 

Reference 

Source 

 

Formaldehyde 9.8 EPA, 2009b 0.0455 Huang et al.,2010 

Acetaldehyde 9 IRIS, 1991 0.0077 Huang et al.,2010 

Benzaldehyde 9 EPA, 2009b -  

Valeraldehyde 420 EPA, 2009b -  

Propionaldehyde 8 EPA, 2009b -  

Butyraldehyde 15 EPA, 2009b -  

 

2.3.3 Exposure assessment 

 

 EPA defines exposure as 'contact between an agent and the visible exterior of 

a person (e.g. skin and openings into the body)'. Exposure assessment is the process of 

measuring or estimating the magnitude, frequency, and duration of human exposure to 

an agent in the environment, or estimating future exposures for an agent that has not 

yet been released. An exposure assessment includes some discussion of the size, 

nature, and types of human populations exposed to the agent, as well as discussion of 

the uncertainties in the above information. Exposure can be measured directly, but 

more commonly is estimated indirectly through consideration of measured 

concentrations in the environment, consideration of models of chemical transport and 

fate in the environment, and estimates of human intake over time (EPA, 2010c).  

 

 Exposure assessment for carcinogenic 

 

Because formaldehyde and acetaldehyde in this study is classified to 

carcinogenic compounds, so the exposure assessment for cancer compound is 

generally estimated follow the equation 1 (EPA, 2003), 
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I = ATBW x 
 ED x EF x ET x IRCA x 

……………………………………..(1) 

 

Where;  I = Intake (mg/kg/day)  

CA = Contaminant Concentration in Air (mg) 

IR   = Inhalation Rate (m
3
/h)  

ET = Exposure Time (h/day) 

EF = Exposure Frequency (days/year) 

ED = Exposure Duration (years) 

BW =  Body Weight (Kg) 

AT =  Averaging Time (days) 

 

 Exposure assessment for non-carcinogenic 

 

In this study, 6 CCs i.e. formaldehyde, acetaldehyde, benzaldehyde, 

valeraldehyde, propionaldehyde, butyraldehyde are non-carcinogenic compounds. 

The exposure assessment for non-cancer compound is estimated follow the equation 2 

(Yimrungruang et al., 2008). 

I = AT
 ED x EF x ETCA x 

…………………………………………..(2) 

Where;  I = intake (  /m
3
) 

CA = Contaminant Concentration in Air (  /m
3
) 

ET = Exposure Time (hours/day) 

EF = Exposure Frequency (days/year) 

ED = Exposure Duration (years) 

AT =  Averaging Time (days) 

 

2.3.4 Risk characterization 

 

A risk characterization conveys the risk assessor's judgment as to the nature 

and presence or absence of risks, along with information about how the risk was 

assessed, where assumptions and uncertainties still exist, and where policy choices 
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will need to be made. Risk characterization takes place in both human health risk 

assessments and ecological risk assessments. In practice, each component of the risk 

assessment (e.g. hazard assessment, dose-response assessment, exposure assessment) 

has an individual risk characterization written to carry forward the key findings, 

assumptions, limitations, and uncertainties. The set of these individual risk 

characterizations provide the information basis to write an integrative risk 

characterization analysis. The final, overall risk characterization thus consists of the 

individual risk characterizations plus an integrative analysis (EPA, 2010d). 

 For the last step, risk characterization, the potential of carcinogenic effects, 

follow the equation 3 (EPA, 2003) and non-carcinogenic effects follow the equation 4 

(EPA, 2003). 

 

 Carcinogenic risk characterization 

 

Cancer Risk  = CSF x I……………….……………………...(3) 

Where;  CSF = Cancer Slope Factor for inhalation (mg/kg/day)
-1

 

   I = Inhalation intake (mg/kg/day) 

 

Non-carcinogenic risk characterization  

 

 HQ   = I/RfC ……………………….(4) 

 Where;  HQ = Hazard Quotient 

I = Inhalation intake (  /m
3
) 

RfC =  Reference Concentration (  /m
3
)   

When;     HQ > 1 means adverse lifetime non-carcinogenic effects of concern 

     HQ ≤ means acceptable level 

 

 After HQ calculated, Hazard Index (HI) was used to estimate adverse health 

effect in this study, follow the equation 5: 
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Hazard Index (HI) = ∑HQi………………………………………..(5) 

 Where;  HI = The sum of hazard quotients. 

HQi = Summation of HQ of non-carcinogens in each  

 site 

HI > 1 means adverse lifetime non-carcinogenic effects of concern 

  HI ≤ means acceptable level 

Sum of hazard quotients for substances may affect the same target organ or 

organ system and may cause similar adverse health effects (EPA, 2005). 

 

2.4  Reasonable Maximum Exposure (RME) 

 

The reasonable maximum exposure (RME) is defined as the highest exposure 

that is reasonably expected to occur at a site. It is likely to approximate the worst-case 

scenario and estimates for individual pathways. The aim of the RME is to estimate a 

conservative exposure case that is still within the range of possible exposures. The 

concentration term in the intake equation is the arithmetic average of concentration. It 

is contacted over the exposure period. However, this concentration does not indicate 

the maximum concentration that could be contacted at any one time. It is a reasonable 

estimate of the concentration likely to be contacted over time. In most situations, 

long-term contact with the maximum concentration is not assumed as reasonable. The 

uncertainty associated with any estimate of exposure concentration, the upper 

confidence limit (such as, the 95 percent upper confidence limit) on the arithmetic 

average will be used for this variable. If there is great variability in measured or 

modeled concentration values (such as too few samples), the upper confidence limit 

on the average concentration will be high, and possibly could be above the maximum 

detected or modeled value. In these cases, the maximum detected or modeled value 

should be used to estimate exposure concentrations (Siriwong, 2009). In addition to 

concentration, exposure time, exposure frequency and exposure duration were taken 

into consideration for this study. 
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2.5  Analysis of Carbonyl Compounds 

 

CCs in atmosphere can be kept as sample in order to analyze via HPLC. In 

sampling, sampling tubes were used for gathering 2,4-DNPH at targeted area. In 

addition, mini pumps setting at appropriate flow rate 0.1 (Morknoy et al., 2010; 

Viskari, Vartiainen, and Pasanen, 2000) L/min were used for air sampling. After 

sampling, each specimen was to be sent back to laboratory immediately so as to be 

extracted using ACN 5ml (Morknoy et al., 2010; Bakeas, Argyris, and Siskos, 2003). 

Afterwards, the extracted solution was injected, by 25 µL (Morknoy et al., 2010), to 

HPLC which combined UV Detector and HPLC Column.  

 

2.6  Related Articles 

 

 Zhou et al. (2010) found that, personal exposures for 12 participants as well as 

residential indoor/outdoor, workplace and in vehicle VOCs concentrations were 

measured simultaneously in Tianjin, China. All VOCs samples were collected using 

passive samplers for 5 days and were analyzed using Thermal Desorption GC-MS 

method. U.S. Environmental Protect Agency's Inhalation Unit Risks were used to 

calculate the inhalation cancer health risk and assess uncertainty of health risk 

estimate. For Results, the cancer risk analysis of personal exposure, benzene, 

chloroform, carbon tetrachloride and 1, 3 -butadiene had median upper-bound lifetime 

cancer risks that exceeded the U.S. EPA benchmark of 1 per one million, and benzene 

presented the highest median risks at about 22 per one million populations. The 

median cumulative cancer risk of personal exposure to 5 VOCs was approximately 44 

per million, followed by indoor exposure (37 per million) and in vehicle exposure (36 

per million).  

Majumdar et al. (2008) reported ambient air quality at five busy petrol stations 

in Kolkata, India is monitored for mono-aromatic hydrocarbons and carbonyls. 

Among the measured volatile organic compounds, toluene and formaldehyde were the 

most abundant. Source apportionment using chemical mass balance identified exhaust 

from roadway and refueling as the major sources. Monitoring of the service station 

workers revealed that the average exposure level for benzene and toluene were 3.9 
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and 5.5 fold higher than the ambient air. The integrated lifetime cancer risks due to 

benzene, ethylbenzene, formaldehyde and acetaldehyde and the overall hazard index 

due to chronic exposure to some hazardous volatile organic compounds are 1.48×10
-4 

and 2.3 indicating the probability of cancer as well as chronic health effect on the 

workers exposed. 

Durmusoglu et al. (2007) said that, this study focuses on a health risk 

assessment related to chemical exposure via inhalation for workers in a tire factory. 

Specifically, several volatile organic compounds (VOCs) and semi-volatile organic 

compounds (SVOCs) were measured in the four different points of the vulcanization 

unit. A chemical transport model was developed in order to better represent the 

workers‟ exposure to the chemicals. Then, a risk assessment methodology was 

employed to evaluate the potential adverse health effects of the chemicals according 

to their carcinogenicities. Concentrations measured near the milling machine and 

press in the vulcanization unit was generally higher than the respective occupational 

exposure limit values. The corresponding estimated cumulative cancer risks for the 

carcinogens at the each sampling point were higher than the designated acceptable 

risk level of 1 × 10
−4

. With respect to non-carcinogenic risks, the hazard indexes, both 

individually and cumulatively, were lower than the specified level of one. The high 

cancer risk estimated in this study suggests that the VOCs and Semi-VOCs exposure 

for workers in the vulcanization unit should not be neglected. The results obtained in 

this study are valuable to plant managers, government officials, and regulators in the 

risk evaluation process. 

Lee et al. (2002) found that, the assessment of volatile organic compounds 

(VOCs) has become a major issue of air quality network monitoring in Hong Kong. 

This study is aimed to identify, quantify and characterize volatile organic compounds 

(VOCs) in different urban areas in Hong Kong. The spatial distribution, temporal 

variation as well as correlations of VOCs at five roadside sampling sites were 

discussed. Twelve VOCs were routinely detected in urban areas. The concentrations 

of VOCs ranged from undetectable to 1396 lg/m3. Among all of the VOC species, 

toluene has the highest concentration. Benzene, toluene, ethylbenzene and xylenes 

(BTEX) were the major constituents (more than 60% in composition of total VOC 

detected), mainly contributed from mobile sources. Similar to other Asian cities, the 
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VOC levels measured in urban areas in Hong Kong were affected both by automobile 

exhaust and industrial emissions. High toluene to benzene ratios (average T/B ratio) 

was also found in Hong Kong as in other Asian cities. In general, VOC concentrations 

in the winter were higher than those measured in the summer (winter to summer ratio 

> 1). As toluene and benzene were the major pollutants from vehicle exhausts, there is 

a necessity to tighten automobile emission standards in Hong Kong. 

Morknoy et al. (2010) investigated concentration level of carbonyl compounds 

in Bangkok ambient air were measured in five road sites and five residential sites 

during July to April 2008. Formaldehyde and acetaldehyde were the most abundant. 

Other compounds showed low concentration. The concentrations of formaldehyde and 

acetaldehyde were low during the rainy season due to rain washout since these 

compounds are water soluble. The concentrations were high during the cold season 

due to stable conditions during these months. The concentrations slightly decreased 

during the summer due to photochemical reaction and photolysis under extreme 

temperature.  

 Ongwandee et al. (2011) said that, to conserve energy, office buildings with 

air-conditioning systems in Thailand are operated with a tight thermal envelope. This 

leads to low fresh-air ventilation rates and is thought to be partly responsible for the 

sick building syndrome symptoms reported by occupants. The objectives of this study 

are to measure concentrations and to determine sources of 13 volatile organic 

compounds (VOCs) in office buildings with air-conditioning systems in the business 

area of Bangkok. Indoor and outdoor air samples from 17 buildings were collected on 

Tenax-TA_ sorbent tubes and analyzed for individual VOCs by thermal desorption-

gas chromatography/mass spectrometry (TDeGC/MS). Building ventilation was 

measured with a constant injection technique using hexafluorobenzene as a tracer gas. 

The results show that the VOC concentrations varied significantly among the studied 

buildings. The two most dominant VOCs were toluene and limonene with average 

concentrations of 110 and 60.5 µg/m
3
, respectively. A Wilcoxon sum rank test 

indicated that the indoor concentrations of aromatic compounds and limonene were 

statistically higher than outdoor concentrations at the 0.05 level, while the indoor 

concentrations of chlorinated compounds were not. Indoor emission factors of toluene 

and limonene were found to be highest with the average values of 80.9 and 18.9 



   25 

µg/m
2
 /h, respectively. Principal component analysis was applied to the emission 

factors of 13 VOCs, producing three components based on source similarities. 

Furthermore, a questionnaire survey investigation and field measurements of building 

air exchange pointed to indoor air complaints related to inadequate ventilation. 

 Kim et al. (2008) reported that, the emission concentrations of carbonyl 

compounds in air were quantified from a total of 195 man-made source units within 

77 individual companies at a large industrial complex in Korea. The measurement 

data were evaluated both by absolute magnitude of concentration and by their relative 

contribution to malodor formation such as malodor degree (MD) derived from 

empirical formula. It was found that formaldehyde exhibited the highest mean 

concentration of 323 ppb with a median value of 28.2 ppb, while butyraldehyde 

recorded the highest contribution to odor formation with an MD value of 3.5 (186 

(mean) and 9.8 ppb (median)). The relative intensity of carbonyl emission, when 

compared by the sum of MD, showed the highest source strength from the food and 

beverage (industry sector) and scrubber (source unit). A comprehensive evaluation of 

the carbonyl data from diverse industrial facilities thus allowed us to describe the 

fundamental patterns of their emission. 

 Seo et al. (2011) reported that purpose of this study was to characterize spatial 

and temporal variations of carbonyl compounds in Gumi city, where a number of 

large electronic-industrial complexes are located. Carbonyl samples were collected at 

five sites in the Gumi area: three industrial, one commercial, and one residential area. 

Sampling was carried out throughout a year from December 2003 to November 2004. 

At one industrial site, samples were taken every six days, while those of the other 

sites were for seven consecutive days in every season. Each sample was collected for 

150 minutes and at intervals of three times a day (morning, afternoon, and evening). 

A total of 476 samples were analyzed to determine 15 carbonyl compounds by the 

USEPA TO-11A (DNPH-cartridge/HPLC) method. In general, acetaldehyde appeared 

to be the most abundant compound, followed by formaldehyde, and 

acetone&acrolein. Mean concentrations of acetaldehyde were two to three times 

higher in the industrial sites than in the other sites, with its maximum of 77.7 ppb. In 

contrast, ambient levels of formaldehyde did not show any significant difference 

between the industrial and non-industrial groups. Its concentrations peaked in summer 



   26 

probably due to the enhanced volatilization and photochemical reactivity. These 

results indicate significant emission sources of acetaldehyde in the Gumi industrial 

complexes. Mean concentrations of organic solvents (such as acetone+acrolein and 

methyl ethyl ketone) were also significantly high in industrial areas. In conclusion, 

major sources of carbonyl compounds, including acetaldehyde, are strongly 

associated with industrial activities in the Gumi city area. 

 Christensen et al. (2000) studied the atmospheric concentrations of 

formaldehyde, acetaldehyde and acetone were measured by the DNPH-technique at 

the semi-rural site Lille Valby, Denmark between May to July 1995. The average 

concentrations were observed tobe 1.2 ppbv (part per billion by volume) for 

formaldehyde, 0.8 ppbv for acetaldehyde and 1.9 ppbv for acetone. For the set of 

carbonyl compounds, concentrations were found to be highly correlated, though only 

during daytime. The weak correlations observed during nighttime are believed to be 

caused by the dry deposition of especially formaldehyde. During periods with low 

photochemical activity the carbonyl compounds also correlated with SO2 and the 

levels of carbonyl compounds were mainly controlled by meteorological parameters. 

The highest concentration levels were coincident with episodes of long-range 

transport from central Europe. A pronounced diurnal profile similar to those observed 

for PAN and ozone during high-pressure episodes also indicated that photochemical 

production was a major controlling factor. Here the highest concentrations of carbonyl 

compounds were observed in air masses with the highest photochemical age (PCA) 

and a likely source was determined to be the oxidation of hydrocarbons during long-

range transport. Especially, the concentration levels of acetone showed a pronounced 

seasonal variation with the highest levels observed during summertime and lowest in 

winter and spring. The seasonal variation in the concentration levels of formaldehyde 

and acetaldehyde were small, thus indicating a low net photochemical production of  

these components. The measurements were validated by a laboratory inter comparison 

and good agreement was observed.



CHAPTER III 

RESEARCH METHODOLOGY 

 

3.1  Research design 

 

 The research design of this study is a cross-sectional study. All samples and 

questionnaire were collected in February 2011 during dry season.  

 

3.2  Study area and location 

 

The gasoline station in both urban and suburb area were purposive selected 

close to main road i.e. Sukhumvit and Bangna-trad. Environment around gasoline 

station in urban areas is surrounded with buildings and closed to sky train. On the 

other hand, the suburb area is less amount of buildings and far from commercial areas. 

Most of the gasoline stations in suburb are located under large highway.  

In each location, there were two stations of urban area (P1 and P2) and two 

stations of suburb area (P3 and P4).  Each gasoline station was collected triplicate 

sampling on the first week, second week, and third week of February 2011. At the 

sampling site, 2 refuel workers and one ambient stationary monitoring in front of 

gasoline station (figure 3.1 and 3.2) were induced to samples collected. (see Table 

3.1) 

Table 3.1 Characteristics of the sampling sites (P1, P2, P3, and P4) 

Sampling sites N Sampling Station 

P1 6 Gasoline Workers 

(Urban) 3 Roadside 

P2 6 Gasoline Workers 

(Urban) 3 Roadside 

P3 6 Gasoline Workers 

(Suburb) 3 Roadside 

P4 6 Gasoline Workers 

(Suburb) 3 Roadside 

 

n = 36 samples 
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P1 and P2 were located in the urban areas (Sukhumvit road, Phra-kranong 

district). For environment, P1 closes to sky train and building P2 is 2 kilometers away 

from P1. The inbound and outbound roadways were located in front of P1 and P2, 3 

lanes for inbound and 3 lanes for outbound.   

P3 and P4 were located in suburb areas (Bangna-Trad road, Bangna district). 

The environment is different from urban area. There are less building but there are a 

number of road lanes, 3 lines for inbound, 3 lanes for outbound and 4 lanes in middle 

of the main road and located under the highway. 

 

 

 

 

Figure 3.1 Environment around the sample sites (P1, P2, P3, and P4) 

 

3.3 Sampling and analysis 

 

Air sampling were collected by drawing air using a mini pump (Sibata Sigma30, 

Japan) through the active DNPH cartridge (Wako, Japan) following the procedures of 

U.S.E.P.A. Compendium Method- TO11A (EPA, 1991). Samples were collected for 8 h in all 

sampling sites at a flow rate of 100 ml/min. After sampling, the samples were fitted by their 

cap, stored in ice box and then brought to laboratory for extraction and analysis. In the 

laboratory the sample was extracted with 5 ml acetonitrile (ACN) (HPLC-grade, J/T. Baker, 

UK). The extract was collected in a 5 ml volumetric flask (grade A SCHOTT DURAN
®
, 5 ml 

Location P1 Location P2 

Location P3 Location P4 
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±0.025 ml) and the final volume adjusted to 5 ml by acetonitrile (HPLC-grade, J/T. Baker, 

UK). After extraction, the samples were took in refrigerator (-80 degree Celsius) until 

analyzing phase. High Performance Liquid Chromatography (HPLC) (model Shimazu LC-

20A) was used to analyze samples eluted from cartridges. A 25µl aliquot was injected to the 

HPLC through an autosampler. The HPLC column was Discovery RP Amide C16 reverse 

column 25cm x 4.6mm, 5 µm. Detector UV-VIS (model SPD-20A) was used at wavelength 

360 nm. The gradient mobile phase 55/45% ACN/water and the flow rate was 1 ml/minutes. 

(Morknoy et al., 2010). 

 

 

Figure 3.2 Sample collections (individual gasoline workers (a) and roadside (b)) 

 

3.4 Inclusion criteria 

 

Refuel gasoline workers were included to this study for measuring the 

carbonyl exposure via inhalation route. They spent most time in dispensing areas 

(refueling field). Their work shift must be covered the period of this study (in 

February). Gasoline workers did not use any perfume, spray, and/or lotion while they 

are working. The age of gasoline workers were more or at least18 years old. 

 

3.5 Exclusion criteria 

 

Non-refuel position gasoline workers who spent most time in indoor areas. 

The pregnant workers were excluded. 

 

 

 

(a) (b) 
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3.6 Data Analysis  

 

The licensed SPSS version 17 was performed as follows: Descriptive and 

Inferential  statistics of mean, range, percentage, 95
th

 percentile of each chemical. For 

quantitative statistics, Pearson‟s correlation was done. Chi-square test was used for 

association between symptoms occurrence and areas. Independent T-Test was used to 

compare mean differences between carbonyls concentration in 2 areas. 

 

3.7 Ethical Consideration 

 

The experimental protocol was approved by the committee on human rights 

related to human experimentation of Chulalongkorn University with the certified code 

no. 76/2554.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CHAPTER IV 

RESULTS  

 

This chapter provides a detailed description of the results obtained from the 

sites, both of questionnaire and carbonyls concentration. The variables are described 

as simple percentages, mean, standard deviations, range as appropriateness depends 

on the nature of the variables and propose of each variable. 

 

4.1  Socio – Demographic characteristics of workers and gasoline stations 

environment 

 

In this study, they were 21 participants (13 men and 8 women). All of them 

were interviewed face to face by author. The results showed that the age of male and 

female in the study ranged 18 to 36 years old, most of them age ≤ 22 years old, the 

mean (±SD) of urban area was 24.2 ± 5.2 years old, suburb area was 24.8±8.5 years 

old. Of all area, the mean of age was 24.3± 6.4. Height of participants ranged 150 to 

172 centimeters, the mean (±SD) of urban area was 159.1 ± 7.4 centimeters and 

suburb area was 163.2 ± 5.0 centimeters; the mean (±SD) of both areas was 160.6 ± 

6.8 centimeters. Body weight ranged 38 to 70 kilograms, the mean (±SD) of urban 

area was 56.3 ± 9.0 kilograms, suburb area was 57.5 ± 6.9 kilograms; the mean (±SD) 

of both areas was 56.7 ± 8.1 kilograms. Income of participants was around 4,500 to 

8,600 baht per month, the mean (±SD) of urban area was 6,746 ± 956 baht and suburb 

area was 6,296 ± 803 baht; the mean (±SD) of both areas was 6575±908 baht. For 

present smoking behavior, there were 4 smoking workers and 17 non-smoking 

workers. In addition, they were not smoking while they were working in gasoline 

station because of the general regulation of each station. For Personal Protective 

Equipment (PPE) using behavior e.g. use of mask, all gasoline workers in all sites 

were not used PPE. This behavior should be reconsidered in order to protect gasoline 

workers‟ health. Marital status, the result showed 14 single workers and 7 married 

workers. Socio-demographic data were showed in table 4.1  
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From the observation, the number of refuel stalk on tanks was found; P1 was 

48 refuel stalks (6 main tanks customer service), P2 was 18 refuel stalks (3 main tanks 

customer service), P3 was 32 refuels stalk (4 main tanks customer service) and P4 

was 32 refuel stalks (4 main tanks customer service).  

 

Table 4.1 Distribution of the respondents by socio-demographic characteristics 

Characteristics Number (n=21)   Percentage (%) 

Gender 

   Male 13 

 

61.9 

Female 8 

 

38.1 

Age (years) 

   Urban areas 

   ≤ 22 6 

 

28.6 

23-30 6 

 

28.6 

≥ 30 1 

 

4.8 

 

Range = 18 to 36 

  

 

Mean ± SD = 24.2±5.2 

 Suburb areas 

   ≤ 22 6 

 

28.6 

23-30 - 

 

0 

≥ 30 2 

 

9.4 

 

Range = 18 to 36 

  

 

Mean ± SD = 24.8±8.5 

 All Areas 

   

 

Range = 18 to 36 

  

 

Mean ± SD = 24.3±6.4 

 Height (Centimeters) 

   Urban areas 

   

 

Range = 150 to 172 

 

 

Mean ± SD = 159.1±7.4 

 Suburb areas 

   

 

Range = 157 to 170 

 

 

Mean ± SD = 163.2±5.0 

 All areas 

   

 

Range = 150 to 172 

 

 

Mean ± SD = 160.6±6.8 
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Characteristics Number (n=21)   

Percentage 

(%) 

   Body Weight (Kilograms) 

   Urban areas 

   

 

Range = 38 to 67 

  

 

Mean ± SD = 56.3±9.0 

 Suburb areas 

   

 

Range = 47 to 70 

  

 

Mean ± SD = 57.5±6.9 

 All areas 

   

 

Range = 38 to 70 

   Mean ± SD = 56.7±8.1   

    

Income (Baht) 

   Urban areas 

    Range = 5,500 to 8,600 

 

Mean ± SD = 6,746.2±956.2 

Suburb areas 

    Range = 4,500 to 7,000 

 

Mean ± SD = 6,295.6±802.5 

All areas 

    Range = 4,500 to 8,600 

 

Mean ± SD = 6574.5±907.9 

   

 

Present smoking behavior  

  

 

All Areas 

   

 

Yes 4 

 

 19 

No 17 

 

 81 

 

PPE Using  

   

 

All Areas 

   

 

Yes 0 

 

 0 

No 21 

 

 100 

Marital status 

All Areas 

  

  

Single 14 

 

  

Married 7 
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4.2  Results of quality control 

 

Each sample, triplicate injection by auto sampler to HPLC was done in 

analyzes. The calibration curve used for quantification consisted of five levels ranging 

from 0.005 to 0.5 µg/ml and R
2
 ≥ 0.999 for all the carbonyl compounds in this study. 

Instrument detection limit (IDL) and instrument quantification (IQL) were determined 

by injection ten replicates of 0.01 µg/ml mix carbonyl standard solution. The SD was 

calculated and 3SD was set as IDL and 10SD was set as IQL. The IDL under this 

study range from 0.001 to 0.012 µg/ml; the IQL range from 0.001 to 0.027 µg/ml. The 

value of IQL of each carbonyl compound was used as the detection limit for the 

quantification of samples. 

Mini pumps were calibrated to 0.100 l/min (Dry-cal calibration pump) before 

every sampling period and results of %RSD were < 5%. The range of total air flowed 

through cartridge from 48.05 to 51.09 L/8h.The range of sampling time from 460 min 

to 514 min. 

The chromatogram of the carbonyl compounds from HPLC-UV-VIS and 

retention time showed in figure 4.1 and table 4.2). 

 

 

Figure 4.1 The chromatogram of the carbonyl compounds from HPLC-UV-VIS 
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Table 4.2 Retention time of carbonyl compound from HPLC-UV-VIS 

Carbonyl compound Ret. Time (min) 

Formaldehyde 6.571 

Acetaldehyde 7.847 

Acetone 9.365 

Propionaldehyde 10.418 

Crotonaldehyde 12.469 

Butyraldehyde 13.781 

Benzaldehyde 16.862 

Isovaleraldehyde 17.745 

Valeraldehyde 18.852 

o-Tolualdehyde 21.837 

Hexanaldehyde 25.344 

2,5-Dimethylbenzaldehyde 27.834 

 

The retention time of formaldehyde, acetaldehyde, acetone, propionaldehyde, 

crotonaldehyde, butyraldehyde, benzaldehyde, isovaleraldehyde, valeraldehyde, o-

tolualdehyde, hexanaldehyde and 2,5 dimethylbenzaldehyde were 6.571 min, 7.847 

min, 9.365 min, 10.418 min, 12.469 min, 13.781 min, 16.862 min, 17.745 min, 

18.852 min, 21.837 min, 25.344 min and 27.834 min, respectively. 

 

4.3 Concentration of carbonyl compounds in each gasoline station according 

to gasoline workers and roadside 

 

CCs concentration from worker‟s breathing zone and roadside derived from 

HPLC UV-VIS analysis. In case that the concentration of some compounds was not 

found or below the LOQ (Limit of Quantification), the LOQ was used to quantify the 

samples. This study used triplicate sampling ensuring the accuracy of concentration. 

All station found that the most abundant of chemicals concentration were 

formaldehyde, acetaldehyde and acetone. For another remarkable, butyraldehyde was 

found in 4 gasoline stations. 
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The results of P1 (urban) showed that the mean ± SD of formaldehyde was 

14.23 ± 1.82 µg/m
3
 for the gasoline workers and 19.55 ± 10.57 µg/m

3
 for the 

roadside; acetaldehyde was 5.88 ± 1.94 µg/m
3
 of gasoline workers and 13.96 ± 5.26 

µg/m
3
 for the roadside; acetone was 20.76 ± 5.60 µg/m

3
 for the gasoline workers and 

19.55 ± 11.83 µg/m
3
 for the roadside. The results of P2 (urban) showed that the mean 

± SD of formaldehyde was 14.98 ± 4.63 µg/m
3
 for the gasoline workers and 13.96 ± 

5.26 µg/m
3
 for the roadside; acetaldehyde was 10.13 ± 1.20 µg/m

3
 of gasoline 

workers and 8.92 ± 1.11 µg/m
3
 for the roadside; acetone was 15.31 ± 4.42 µg/m

3
 for 

the gasoline workers and 15.22 ± 1.96 µg/m
3
 for the roadside. The results of P3 

(suburb) showed that the mean ± SD of formaldehyde was 17.68 ± 9.14 µg/m
3
 for the 

gasoline workers and 14.70 ± 8.0 µg/m
3
 for the roadside; acetaldehyde was 9.17 ± 

2.86 µg/m
3
 of gasoline workers and 6.88 ± 4.42 µg/m

3
 for the roadside; acetone was 

25.45 ± 17.87 µg/m
3
 for the gasoline workers and 14.78 ± 7.64 µg/m

3
 for the 

roadside. The results of P4 (suburb) showed that the mean ± SD of formaldehyde was 

13.80 ± 0.95 µg/m
3
 for the gasoline workers and 14.70 ± 2.32 µg/m

3
 for the roadside; 

acetaldehyde was 12.20 ± 0.47 µg/m
3
 of gasoline workers and 5.32 ± 4.10 µg/m

3 
for 

the roadside; acetone was 12.54 ± 1.66 µg/m
3
 for the gasoline workers and 10.23 ± 

3.14 µg/m
3
 for the roadside. For other chemical concentrations were showed in table 

4.3. 



Table 4.3 Concentration of carbonyl compounds (±SD) (µg/m
3
) collected from gasoline workers and roadside stationary (P1, P2, P3, 

and P4) 

Chemical's name 

 

 

 

Location 

 

 

 

 

 

Urban (P1)  Urban (P2)  Suburb (P3)  Suburb (P4)  

 

Gasoline 

Workers  

Roadside Gasoline 

Workers 

Roadside Gasoline 

Workers 

Roadside Gasoline 

Workers 

Roadside 

Formaldehyde 14.23 ± 1.82 19.55 ±10.57 14.98 ± 4.63 13.96 ± 5.26 17.68 ± 9.14 14.70 ± 8.0 13.80 ± 0.95 14.70 ± 2.32 

Acetaldehyde 5.88 ± 1.94 7.63 ± 6.38 10.13 ± 1.20 8.92 ± 1.11 9.17 ± 2.86 6.88 ± 4.42 12.20 ± 0.47 5.82 ± 4.10 

Acetone 20.76 ± 5.60 11.83 ± 5.37 15.31 ± 4.42 15.22 ± 1.96 25.45 ± 17.87 14.78 ± 7.64 12.54 ± 1.66 10.23 ± 3.14 

Propionaldehyde 1.32 ± 0.44 1.54 ± 0.80 1.90 ± 0.37 1.64 ± 0.14 2.88 ± 2.84 1.38 ± 0.72 1.31 ± 0.09 1.22 ± 0.34 

Crotonaldehyde 0.67 ± 0.30 1.15 ± 0.61 0.66 ± 0.13 0.82 ± 0.26 0.71 ± 0.26 0.90 ± 0.62 <0.52* 0.80 ± 0.14 

Butyraldehyde 5.50 ± 2.62 6.14 ± 2.84 4.93 ± 2.51 5.26 ± 0.70 4.07 ± 2.96 3.00 ± 1.32 3.16 ± 1.16 2.60 ± 0.27 

Benzaldehyde <1.16* <1.16* 1.24 ± 0.09 <1.16* <1.16* <1.16* <1.16* <1.16* 

Isovaleraldehyde 1.00 ± 0.11 1.36 ± 0.42 1.00 ± 0.10 1.36 ± 0.21 1.01 ± 0.15 <0.94* <0.94* <0.94* 

Valeraldehyde 1.40 ± 0.54 1.02 ± 0.53 0.88 ± 0.64 2.28 ± 1.92 1.25 ± 1.15 2.50 ± 1.88 <0.52* 2.78 ± 0.80 

o-Tolualdehyde <2.64* <2.64* <2.64* <2.64* <2.64* <2.64* <2.64* <2.64* 

Hexanaldehyde 2.68 ± 1.36 2.28 ± 0.82 2.10 ± 0.72 2.30 ± 0.82 3.08 ± 1.62 1.98 ± 0.87 2.36 ± 0.34 1.84 ± 0.36 

2,5-Dimethylbenzaldehyde <2.84 * <2.84* <2.84*  <2.84* <2.84* <2.84* <2.84* <2.84* 

* reported as the limit of detection (LOQ) of each CCs 
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4.4 Concentration of carbonyl compounds in each area according to gasoline 

workers and roadside. 

 

Considering the average, SD and range for urban and suburb using 

information from the combination of P1, P2 (urban) and P3, P4 (suburb). The results 

showed that formaldehyde, acetaldehyde, and acetone were mostly found in every 

gasoline station both urban and suburb area. Focusing on mostly found CCs, 

formaldehyde concentration in urban areas were 14.61 ± 3.38 µg/m
3
 for gasoline 

workers and 16.76 ± 8.07 µg/m
3
 for the roadside; in suburb area were 15.64 ± 6.52 

µg/m
3
 for gasoline workers and 14.70 ± 5.27 µg/m

3
 for the roadside. Acetaldehyde 

concentration in urban areas were 8.00 ± 2.70 µg/m
3
 for gasoline workers and 8.27 ± 

4.16 µg/m
3
 for the roadside; in suburb area were 10.68 ± 2.52 µg/m

3
 for gasoline 

workers and 6.35 ± 3.86 µg/m
3
 for the roadside. Acetone concentration in urban areas 

were 18.04 ± 5.60 µg/m
3
 for gasoline workers and 13.53 ± 4.06 µg/m

3
 for the 

roadside; in suburb area were 19.00 ± 13.86 µg/m
3
 for gasoline workers and 12.50 ± 

5.78 µg/m
3
 for the roadside. For other chemical concentrations were showed in table 

4.4
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   Table 4.4 Concentration of carbonyl compounds (±SD) (µg/m
3
) and range according to gasoline workers and roadside in each area       

(urban areas and suburb areas)  

 

Chemical's name 

 

 

Urban site 

 

  

 

Suburb site 

 

 

 

Gasoline 

Workers 

Range 

Roadside 

Range Gasoline 

Workers 

Range 

Roadside 

Range 

Formaldehyde 14.61 ± 3.38 7.78-19.81 16.76 ± 8.07 7.88-31.24 15.64 ± 6.52 11.65-35.78 14.70 ± 5.27 8.83-23.82 

Acetaldehyde 8.00 ± 2.70 2.46-12.28 8.27 ± 4.16 0.95-13.67 10.68 ± 2.52 4.54-13.58 6.35 ± 3.86 1.48-11.54 

Acetone 18.04 ± 5.60 9.22-30.45 13.53 ± 4.06 5.82-17.38 19.00 ± 13.86 10.48-59.99 12.50 ± 5.78 6.65-22.02 

Propionaldehyde 1.60 ± 0.50 0.81-2.43 1.58 ± 0.51 0.74-2.32 2.10 ± 2.08 0.91-8.51 1.30 ± 0.51  0.77-2.18 

Crotonaldehyde 0.66 ± 0.22 0.53-1.30 0.98 ± 0.46 0.53-1.85 0.62 ± 0.20 0.53-1.09 0.84 ± 0.41 0.53-1.62 

Butyraldehyde 5.22 ± 2.46 0.47-7.88 5.70 ± 1.91 3.54-9.18 3.62 ± 2.20 0.81-8.73 2.79 ± 0.88 2.01-4.50 

Benzaldehyde 1.20 ± 0.07 1.16-1.37 <1.16* NR <1.16* NR <1.16* NR 

Isovaleraldehyde 1.00 ± 0.10 0.95-1.23 1.36 ± 0.30 0.95-1.79 0.98 ± 0.10 0.95-1.32 <0.94 0.94-0.94 

Valeraldehyde 1.14 ± 0.62 0.53-2.22 1.65 ± 1.44 0.53-4.47 0.90 ± 0.86 0.53-3.52 2.64 ± 1.30 1.16-4.64 

o-Tolualdehyde <2.64* 2.64-2.64 <2.64* NR <2.64* 2.64-2.64 <2.64*  2.64-2.64 

Hexanaldehyde 2.40 ± 1.08 1.48-5.38 2.28 ± 0.74 1.48-3.13 2.72 ± 1.18 1.72-6.16 1.91 ± 0.60 1.48-2.99 

2,5-Dimethylbenzaldehyde <2.84* NR <2.84* NR <2.84* NR <2.84* NR 

     * reported as the limit of detection (LOQ) of each CCs  

    NR not reported because of concentration less than LOQ
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4.5 Concentration of carbonyl compounds in overall areas in this study 

according to gasoline workers and roadside 

 

The major chemicals in overall areas were formaldehyde, acetaldehyde and 

acetone found at both of dispensing and roadside area. The results showed mean, 

standard deviation and range of these chemicals concentration as follow the average 

of formaldehyde concentration of dispensing area was 15.18 ± 5.11 µg/m
3
 (range of 

7.78 - 35.78 µg/m
3
) and roadside was 15.72 ± 6.60 µg/m

3
(range of 7.88 - 31.24µg/m

3
) 

; acetaldehyde concentration of dispensing area was were 9.34 ± 2.90µg/m
3
 (range of 

2.46 - 13.58 µg/m
3
) and roadside was 7.31 ± 3.95µg/m

3
 (range of 0.95 - 13.67µg/m

3
) ; 

acetone concentration of dispensing area was 18.52 ± 10.34µg/m
3 

(range of 9.22 - 

59.99µg/m
3
) and roadside was 13.02 ± 4.80µg/m

3
 (range of 5.82 - 22.02µg/m

3
).  

For other carbonyl concentrations were showed in table 4.5 

 

4.6 Comparison of carbonyl concentration in gasoline workers in urban and 

suburb area 

 

This result was tested for normal distribution by Kolmogorov-Smirnov 

goodness fit test (two-tailed test, P<0.05) before using t-test. The result showed that 

the almost of carbonyl compounds were not statistical significant differences between 

gasoline station workers working in urban and suburb area (P > 0.05) except 

acetaldehyde was statistical significant differences. (see Appendix D.) 

  

4.7 Comparison of carbonyl concentration to roadside in urban and suburb 

area 

 

The results showed that the almost of carbonyls compounds were not 

statistical significant differences (P > 0.05) between roadside in urban areas and 

suburb areas but the level of butyraldehyde was highly significant different (P =0.01)  

(see Appendix D).  
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Table 4.5 Average concentration of carbonyl compounds (±SD) (µg/m
3
) according to gasoline workers and roadside in all areas 

 

Chemical's name Sampling Location 

 

Gasoline 

Workers (n = 24) 

Range 

Roadside (n=12) 

Range 

Formaldehyde 15.18 ± 5.11 7.78-35.78 15.72 ± 6.60 7.88-31.24 

Acetaldehyde 9.34 ± 2.90 2.46-13.58 7.31 ± 3.95 0.95-13.67 

Acetone 18.52 ± 10.34 9.22-59.99 13.02 ± 4.80 5.82-22.02 

Propionaldehyde 1.85 ± 1.50 0.81-8.51 1.44 ± 0.51 0.74-2.32 

Crotonaldehyde 0.64 ± 0.20 0.53-1.30 0.92 ± 0.42 0.53-1.85 

Butyraldehyde 4.42 ± 2.42 0.47-8.73 4.24 ± 2.08 2.01-9.18 

Benzaldehyde 1.18 ± 0.05 1.16-1.37 <1.16* NR 

Isovaleraldehyde 0.98 ± 0.10 0.95-1.32 1.16 ± 0.30 0.95-1.79 

Valeraldehyde 1.02 ± 0.74 0.53-3.52 2.14 ± 1.40 0.53-4.64 

o-Tolualdehyde <2.64* NR <2.64* NR 

Hexanaldehyde 2.56 ± 1.12 1.48-6.16 2.10 ± 0.67 1.48-3.13 

2,5-Dimethylbenzaldehyde <2.84* NR <2.84* NR 

*        reported as the limit of detection (LOQ) of each CCs  

NR  not reported because of concentration less than LOQ
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4.8  Exposure assessment and risk characterization 

 

In this part, author separated into 2 part. (1) carcinogenic risk and (2) non-

carcinogenic risk. Exposure factors were obtained by questionnaires for exposure 

duration and exposure time. Exposure frequency interviewed from gasoline stations 

manager, all gasoline stations provided only 1 holiday/week for gasoline workers. In 

addition, RME was separately calculated between urban and suburb areas. The RME 

exposure factor variables were concentration of CCs, exposure time, and exposure 

duration. The author calculated separately urban and suburb areas. Exposure 

frequency was acquired by gasoline station manager interview. The result showed that 

every gasoline station has the same regulation; there was only one day-off for each 

gasoline workers. All exposure factors were shown in table 4.6 

Considering at the mean level, exposure time (ET) in urban and suburb areas 

was 9.33±1.97 h/day and 10.0 ± 2.14 h/day, respectively. Exposure frequency (EF) 

was 300 days/year for every gasoline stations. The mean level of exposure duration 

(ED) was 1.96 ± 2.56 years ranged from 0.08 (1 month) to 10 years. Averaging time 

(AT) was 70 years. Body weight (BW) in urban and suburb area were 56.31 ± 9.05 kg 

and 57.5 ± 6.9 kg, respectively. Inhalation rate was 0.83 m
3
/h. 

At the RME level, exposure time (ET) both areas were 12 h/day. Exposure 

frequency (EF) was 300 days/year for every gasoline stations. The average of 

exposure duration (ED) was 10 years in urban and 5 years for suburb area. Averaging 

time (AT) was 70 years. Body weight (BW) in urban and suburb area were 56.31 ± 

9.05 kg and 57.5 ± 6.9 kg, respectively. Inhalation rate was 0.83 m
3
/h. 
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Table 4.6 Exposure factors related to carbonyl compounds exposure of gasoline 

workers 

Exposure Factors Mean RME Source 

Exposure Time (Urban) 9.33 h/day 12 h/day Questionnaires 

Exposure Time (Suburb) 10 h/day 12 h/day Questionnaires 

Exposure Frequency (All areas) 300 days/year 300 days/years Gasoline station manager interviewed 

Exposure Duration (Urban) 2 years 10 years Questionnaires 

Exposure Duration (Suburb) 1.92 years 5 years Questionnaires 

Averaging Time (All areas) 70 years 70 years EPA, (2003) 

Body weight (Urban) 56.31 kg 56.31 kg Questionnaires 

Body weight (Suburb) 57.50 kg 57.50 kg Questionnaires 

Inhalation rate 0.83 m
3
/h 0.83 m

3
/h EPA, (2000c) 

4.8.1 Carcinogenic risk characterization   

The carcinogenic risks on chronic exposure to the carbonyls were assessed in 

this study. The probability of developing cancer from a lifetime of continuous 

exposure to a carbonyl is calculated by daily intake after that the lifetime cancer 

hazard risk is calculated by cancer risk formula from last chapter. In this calculation, 

author calculated at both level of average mean and RME. The results in table 4.7 and 

4.8 showed the cancer risk of formaldehyde and acetaldehyde via inhalation exposure. 

For urban area, cancer risk approximately ranged from 2 workers in 10 million to 2 

workers in one hundred thousand. For suburb area, cancer risk ranged 3 workers in 10 

million to 2 workers in one hundred thousand.  

At the average mean level, carcinogenic risk characterization for 

formaldehyde was 3 workers in million for all gasoline workers; acetaldehyde was 2,3 

and 4 workers in 10 million for P1, P2, P3 and P4 respectively. At the RME level, the 

carcinogenic risk was higher than the mean levels, carcinogenic risk for formaldehyde 

was 2 workers in one thousand in P1, P2 and P3 while 8 workers in million was found 

in P4.    

 

 



   44 

 

4.8.2 Non-carcinogenic risk characterization 

 

The results of non-cancer risk characterization in table 4.9 and 4.10 showed 

that both HQ and HI were less than 1. The maximum HI was 2.56 x 10
-1

  in P2. At the 

average mean level of HQ, the highest risk or highest HQ was formaldehyde. HQ 

ranged from 1.32 × 10
-2

 (suburb P4) to 1.69 × 10
-2

 (suburb P3). The lowest non-

carcinogenic risk was valeraldehyde. HQ was 1.16 × 10
-5

 in P4. At the RME level of 

HQ,  the highest risk or highest HQ was formaldehyde. HQ ranged from 4.58 × 10
-2

 

(suburb P4) to 1.19 × 10
-1

 (urban P2). The lowest non-carcinogenic risk was 

valeraldehyde. HQ was 1.16 × 10
-5

 in P4.  

 At the average mean level of HI. The maximum HI was 3.37 × 10
-2

 in P3 

while the minimum HI was 2.53 × 10
-2

 in P1. At the RME level of HI, The maximum 

HI was 2.56 × 10
-1

 in P2 while the minimum HI was 1.06 × 10
-1

.



 

Table 4.7 Results of cancer risk characterization in urban area 

  Location 

Chemical's 

name 
Urban (P1)   Urban (P2) 

 

Arithmetic 

mean 

(µg/m3) 

Intake 

(mg/kg/day) 

Cancer 

Risk 
 

RME 

(µg/m3) 

RME Intake 

(mg/kg/day) 

Cancer 

Risk 
 

Arithmetic 

Mean 

(µg/m3) 

Intake 

(mg/kg/day) 

Cancer 

Risk 
 

RME 

(µg/m3) 

RME Intake 

(mg/kg/day) 

Cancer 

Risk 

Formaldehyde 14.23 4.60 x 10-5 2.09 x10-6  16.22 3.37x10-4 1.53x10-5  14.98 4.84x10-5 2.20 x 10-6  19.8 4.11 x 10-4 1.87x10-5 

Acetaldehyde 5.88 1.90 x 10-5 1.46 x10-7  6.61 1.37x10-4 1.06x10-6  10.13 3.27x10-5 2.52 x 10-7  12.28 2.55 x10-4 1.96x10-6 

 

Table 4.8 Results of cancer risk characterization in suburb area 

  Location 

Chemical's 

name 
Suburb (P3)   Suburb (P4) 

 

Arithmetic 

Mean 

(µg/m3) 

Intake 

(mg/kg/day) 

Cancer 

Risk 
 

RME 

(µg/m3) 

RME Intake 

(mg/kg/day) 

Cancer 

Risk 
 

Arithmetic 

Mean 

(µg/m3) 

Intake 

(mg/kg/day) 

Cancer 

Risk 
 

RME 

(µg/m3) 

RME Intake 

(mg/kg/day) 

Cancer 

Risk 

Formaldehyde 17.68 5.75x10-5 2.62x10-6  35.78 3.64x10-4 1.66x10-5  13.8 4.49x10-5 2.04x10-6  15.3 1.56x10-4 7.08x10-6 

Acetaldehyde 9.17 2.98x10-5 2.30x10-7  13.58 1.38x10-4 1.06x10-6  12.2 3.97x10-5 3.06x10-7  12.88 1.31x10-4 1.01x10-6 
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Table 4.9 Results of non-carcinogenic risk characterization for urban area (P1 and P2) 

 Location 

 Chemical's name Urban (P1)  Urban (P2) 

 

Arithmetic 

mean (µg/m3) 

Intake 

(µg/m3) 
HQ 

RME 

(µg/m3) 

RME Intake 

(µg/m3) 
HQ  

Arithmetic 

mean (µg/m3) 

Intake 

(µg/m3) 
HQ 

RME 

(µg/m3) 

RME Intake 

(µg/m3) 
HQ 

Formaldehyde 14.23 1.30×10-1 1.33×10-2 16.22 9.52×10-1 9.72×10-2  14.98 1.37×10-1 1.40×10-2 19.80 1.16 1.19×10-1 

Acetaldehyde 5.88 5.37×10-2 5.96×10-3 6.16 3.62×10-1 4.02×10-2  10.13 9.25×10-2 1.03×10-2 12.28 7.21×10-1 8.01×10-2 

Propionaldehyde 1.32 1.21×10-2 1.51×10-3 2.08 1.22×10-1 1.53×10-2  1.90 1.73×10-2 2.17×10-3 2.42 1.42×10-1 1.78×10-2 

Butyraldehyde 5.50 5.02×10-2 3.35×10-3 7.88 4.63×10-1 3.08×10-2  4.93 4.50×10-2 3.00×10-3 7.82 4.59×10-1 3.06×10-2 

Benzaldehyde 1.16 1.06×10-2 1.18×10-3 1.16 6.81×10-2 7.57×10-3  1.24 1.13×10-2 1.26×10-3 1.37 8.04×10-2 8.94×10-3 

Valeraldehyde 1.40 1.28×10-2 3.04×10-5 2.22 1.30×10-1 3.10×10-4  0.88 8.03×10-3 1.91×10-5 2.18 1.28×10-1 3.05×10-4 

Hazard Index (HI)   2.53×10-2   1.91×10-1    3.07×10-2   2.56×10-1 

Table 4.10 Results of non-carcinogenic risk characterization for suburb area (P3 and P4) 

 Location 

Chemical's name Suburb (P3)   Suburb (P4) 

 

Arithmetic  

mean (µg/m3) 

Intake 

(µg/m3) 
HQ 

RME 

(µg/m3) 

RME Intake 

(µg/m3) 
HQ  

Arithmetic 

mean (µg/m3) 

Intake 

(µg/m3) 
HQ 

RME 

(µg/m3) 

RME Intake 

(µg/m3) 
HQ 

Formaldehyde 17.68 1.66×10-1 1.69 ×10-2 35.78 1.05 1.07×10-1  13.80 1.30×10-1 1.32×10-2 15.30 4.49×10-1 4.58×10-2 

Acetaldehyde 9.17 8.61×10-2 9.57×10-3 13.58 3.99×10-1 4.43×10-2  12.20 1.15×10-1 1.27×10-2 12.88 3.78×10-1 4.20×10-2 

Propionaldehyde 2.88 2.71×10-2 3.38×10-3 8.51 2.50×10-1 3.12×10-2  1.31 1.23×10-2 1.54×10-3 1.48 4.34×10-2 5.42×10-3 

Butyraldehyde 4.07 3.82×10-2 2.55×10-3 8.72 2.56×10-1 1.71×10-2  3.16 2.97×10-2 1.98×10-3 4.32 1.27×10-1 8.45×10-3 

Benzaldehyde 1.16 1.09×10-2 1.21×10-3 1.16 3.41×10-2 3.78×10-3  1.16 1.09×10-2 1.21×10-3 1.16 3.41×10-2 3.78×10-3 

Valeraldehyde 1.25 1.17×10-2 2.80×10-5 3.52 1.03×10-1 2.46×10-4  0.52 4.88×10-3 1.16×10-5 0.52 1.53×10-2 3.63×10-5 

Hazard Index (HI)   3.37×10-2   2.04×10-1    3.07×10-2   1.06×10-1 

46



 47 

4.9 Results of carbonyl compounds correlation 

 

4.9.1 Correlation between formaldehyde acetaldehyde and acetone of 

total gasoline workers 

 

The correlation between these CCs (i.e. formaldehyde acetaldehyde and 

acetone) was calculated from their concentrations acquired by all gasoline workers. 

The results showed that there was very low correlation between each compound (P > 

0.05). The direction of association between formaldehyde and acetaldehyde was 

positive as same as formaldehyde and acetone. But the direction of association 

between acetone and acetaldehyde was negative. (Shown in table 4.11)  

 

Table 4.11 Correlation between formaldehyde acetaldehyde and acetone of total 

gasoline workers 

Chemical’s 

name Correlation 

Formaldehyde Acetaldehyde Acetone 

Formaldehyde 

Pearson‟s 

Coefficient (r)  
1     

 

Sig. (2-tailed) 

 

    

Acetaldehyde 

Pearson‟s 

Coefficient (r) 
0.28 1   

 

Sig. (2-tailed) 0.19 

 

  

Acetone 

Pearson‟s 

Coefficient (r) 
0.15 -0.15 1 

 

Sig. (2-tailed) 0.48 0.49 

   

4.9.2 Correlation between formaldehyde acetaldehyde and acetone of 

total roadside 

 

To find the correlation between these compounds of total roadside, the author 

used the same method as 4.9.1, The results showed that there was high correlation 
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between formaldehyde and acetaldehyde (P < 0.01). Very low correlations were found 

between acetaldehyde:acetone and formaldehyde:acetone (P > 0.05). The direction of 

association between formaldehyde and acetaldehyde was positive as same as 

acetaldehyde and acetone. But the direction of association between acetone and 

formaldehyde was negative. (shown in table 4.12)  

 

Table 4.12 Correlation between formaldehyde acetaldehyde and acetone of roadside. 

Chemical’s name 

 

Formaldehyde Acetaldehyde Acetone 

Formaldehyde 

Pearson‟s 

Coefficient (r) 
1 

  

 

Sig. (2-tailed) 

 
  

Acetaldehyde 

Pearson‟s 

Coefficient (r) 
.778 1 

 

 

Sig. (2-tailed) 0.003** 

 
 

Acetone 

Pearson‟s 

Coefficient (r) 
-0.095 0.205 1 

 

Sig. (2-tailed) 0.769 0.522 

 ** Statistically significant correlation at 0.01 Level 

 

4.10 Association between symptom occurrences of gasoline workers and 

risk factors 

 

 Association between 11 symptom occurrences of gasoline workers and their 

risk factors were calculated by Chi-square test. The list of risk factors was education 

level, gender, study areas, gasoline workers responsibility and duty, marital status, 

workers‟ awareness of VOCs, workers‟ symptom occurrence in the last three month, 

chronic disease and smoking behavior (see Appendix E). The results showed that 

there was no association statistically significant between symptom occurrences and 

any risk factors except association between symptom occurrences and workers‟ 

symptom occurred in the last three month, interested for respiratory tract irritation (P 

<0.05) (see Appendix E). 
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 The questionnaires were classified into primary school and secondary school 

to find the association among symptoms occurs between education level of primary 

school and secondary school. The result showed that more than 50% of gasoline 

workers‟ symptoms occurrence  of this risk factor were drowsiness, respiratory tract 

irritation, fatigue and eye skin irritation while other symptoms which were less than 

50% were dizziness, headaches, unconsciousness, nausea, sore throat irritation, lack 

of muscle control and confusion. These symptoms may come from CCs via inhalation 

exposure, resulting in worse health of gasoline workers. 

 The questionnaires were separated into male and female to find the 

associations among symptoms occur between genders. The results showed that more 

than 50% of gasoline workers‟ symptom occurrences of this risk factor were 

drowsiness, respiratory tract irritation, fatigue, eye skin irritation and confusion while 

other symptoms which were less than 50% were dizziness, headaches, 

unconsciousness, nausea, sore throat irritation and lack of muscle control.  

 Gasoline workers were asked about their responsibilities to find the 

associations among symptoms occur between responsibilities and duty of gasoline 

workers. The results showed that more than 50% of gasoline workers‟ symptoms 

occurrences of this risk factor were drowsiness, dizziness, headaches, respiratory tract 

irritation, fatigue, and eye skin irritation while other symptoms which were less than 

50% were unconsciousness, nausea, sore throat irritation, confusion and lack of 

muscle control.  

Furthermore, the author asked gasoline workers about their vaporize of VOCs 

in gasoline awareness to find the association among symptoms occur between 

knowledge about vaporize of VOCs in gasoline. The results showed that more than 

50% of gasoline workers‟ symptoms occurrences of this risk factor were drowsiness, 

dizziness, respiratory tract irritation, fatigue, and eye skin irritation while other 

symptoms which were less than 50% were unconsciousness, headaches, nausea, sore 

throat irritation, confusion and lack of muscle control.  
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 Gasoline workers were asked about health symptom in the last three months as 

well. The objective was to find the associations among symptoms occur between 

symptoms occurrence among gasoline workers in the last three month.  The 

results showed that more than 50% of gasoline workers‟ symptoms occurrences of 

this risk factor were drowsiness and headaches while other symptoms which were less 

than 50% were eye skin irritation, dizziness, respiratory tract irritation, fatigue, 

unconsciousness, nausea, sore throat irritation, confusion and lack of muscle control.  

 The author asked gasoline workers about their chronic disease to find the 

association among symptoms occur between chronic disease of gasoline workers, 

the results showed that more than 50% of gasoline workers‟ symptoms occurrence of 

this risk factor were drowsiness, dizziness, eye skin irritation and respiratory tract 

irritation while other symptoms which were less than 50% were headaches, fatigue, 

unconsciousness, nausea, sore throat irritation, confusion and lack of muscle control.  

 Gasoline workers had to answer about their smoking behavior too to find the 

associations among symptoms occur between smoking behavior among workers. 

The results showed that more than 50% of gasoline workers‟ symptoms occurrences 

of this risk factor were drowsiness, eye skin irritation, fatigue and respiratory tract 

irritation while other symptoms which were less than 50% were dizziness, headaches, 

unconsciousness, nausea, sore throat irritation, confusion and lack of muscle control.  

 Marital status was involved in the questionnaires as well to find the 

association among symptoms occur between marital status among workers, the 

results showed that more than 50% of gasoline workers‟ symptoms occurrence of this 

risk factor were drowsiness, dizziness, eye skin irritation, headaches, fatigue and 

respiratory tract irritation while other symptoms which were less than 50% were 

unconsciousness, nausea, sore throat irritation, confusion and lack of muscle control.  

 Last but not least, the author separated the questionnaires into two areas which 

were urban and suburb to find the associations among symptoms occur between 

urban and suburb areas. The results showed that more than 50% of gasoline 

workers‟ symptoms occurrences of this risk factor were drowsiness, dizziness, eye 
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skin irritation, headaches, confusion, fatigue and respiratory tract irritation while other 

symptoms which were less than 50% were unconsciousness, nausea, sore throat 

irritation and lack of muscle control.  



CHAPTER V 

DISCUSSION 

5.1  Socio – Demographic characteristics of workers and gasoline stations 

environment 

According to the result, the number of participants, more than 50 percent, was 

male workers who were responsible for filling the oil including other works at 

dispensing area. However, the author also found female workers who were most 

responsible for cashier and taking care of customers. The age ranged 18 - 36 years old 

with 24.3 ± 6.4 years old on mean level, while another study measured gasoline 

workers in Bangkok that found 28.1 ± 10 years old on mean (± SD). All of gasoline 

workers were below undergraduate degree. Most of gasoline workers were 

immigrants from other countries such as Laos, Myanmar and Cambodia in which they 

are cheap hired workers. The most highest salary was around 6,574 Baht in 2011 as 

low as other gasoline station in Bangkok (mean 6,673 Baht in 2009) (Tunsarinkarn et 

al., 2011.) Gasoline station employer, thus, should increase their salary for the good 

quality of life. 

The BMI (Body Mass Index) is a measure of body fat based on height and 

body weight that applied to adult men and women (U.S. Department of Health and 

Human Service, 2011). BMI was calculated by used data from this study. The mean 

of body weight and height of gasoline workers at all sites were used for this BMI 

calculation. The formula was [Body weight (kg) / Height
2
 (meters)]. If the result from 

BMI is out the normal range (18.5-24.9), these workers would have health risk e.g. 

heart diseases, hypertension and respiratory disease, as calculated below.  

BMI = [56.7/ (1.606)
2
], BMI = 22.0 

The result was 22.0 which it is within normal range. Thus, participants may 

not have health risk from their body fat. The BMI result in this study was similar to 

Tunsaringkarn et al. (2011) which measured the BMI of gasoline workers in Bangkok 

(BMI = 21.9).  
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Using an open-ended question to gasoline workers, the result indicated as 

follow. Daily activities of gasoline workers were watching movie, listening to music, 

housekeeping, sleeping, motorcycling, reading a book, shopping, singing a song, 

traveling and playing game. Low education levels were found among their gasoline 

workers (under bachelor degree). PPE usages among gasoline workers were observed. 

The results showed no gasoline workers used PPE (such as the mask) in study sites. 

Responsibility of gasoline workers were oil refuel, glass cleaner, place cleaner, 

cashier, filling and oil‟s engine checking and pure water checking. A one worker had 

more than one responsibility in gasoline station. Attitude of health status of gasoline 

workers were found. They said they exhausted, tried and inhalation obstruction since 

they got this job. Period of oil refueling each service was around 2 to 10 minutes 

depending on customers. Period time working in gasoline station around 1 month to 

10 years and duration time about working hours per day was 8 hours to 12 hours. 

Health care consume were observed. When gasoline workers get some disease, they 

go to nearby hospital and always used health care insurance. Source of healthcare 

information, gasoline workers get health care information by television, handbill, 

newspaper and radio. For other problems about their health, ergonomic complained 

about refuel stalk from some gasoline workers. Most of all gasoline workers were 

migrants e.g. from Myanmar, Cambodia and Laos. 

5.2  Association among symptoms and risk factors 

 21 respondents of questionnaires were 13 gasoline workers from urban area 

and 8 gasoline workers from suburb. Questionnaires were used for observing the 

association between gasoline workers‟ symptom occurrence which effect from CCs 

inhalation exposure and risk factors. The results showed there was no statistically 

significant association (P-value >0.05) except the association between symptoms 

occurrence and workers‟ symptom occurrence in the last three month related to 

respiratory tract irritation was significantly different (P <0.05). 

 More than 60% of gasoline workers‟ symptoms occurrence were drowsiness, 

respiratory tract irritation, fatigue and eye skin irritation while other symptoms which 

were less than 60% were dizziness, headaches, unconsciousness, nausea, sore throat 
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irritation, lack of muscle control and confusion. These symptoms may come from CCs 

via inhalation exposure, resulting in worse health of gasoline workers. 

5.3  Source of carbonyl compounds related to gasoline workers exposure in 

this study 

 For any concentration of carbonyl compounds, source possibly come from 

vehicular emission, mostly formaldehyde is released in the background (Huang et al., 

2011). However formaldehyde can be easily diluted in the high layer of atmosphere 

(Bono et al., 2010). This study was measurement carbonyl compounds on the ground 

of the gas station which the source of VOCs in gasoline station can vapor 

formaldehyde and acetaldehyde from fuels containing methanol or ethanol (Morknoy 

et al., 2010). Compare with ingestion and dermal absorption, inhalation is a major 

pathway for intake of VOCs by human (Huang et al., 2011). 

 At the roadside areas, formaldehyde and acetaldehyde in Bangkok have high 

concentrations as high traffic volumes (Morknoy et al., 2010). Unfortunately, this 

study did not measure for traffic volume while doing air sampling measurement. For 

other studies, in metropolitan areas, formaldehyde is always the predominant 

aldehyde emitted by automobiles (Corrêa et al., 2003). Majumdar et al. (2008) said 

that percentage source contributions of VOCs at petrol station (in Kolkata, India) 

greatest contribute from vehicular exhaust emissions which was adjacent roadways in 

high traffic density. In Beijing ambient air, including formaldehyde, acetaldehyde, 

acetone, propionaldehyde, benzaldehyde, butyraldehyde, hexaldehyde, tolualdehyde 

and valeraldehyde (Pang et al., 2007), this study found the same carbonyl compounds 

not only inside gasoline station but also in roadside stationary. 

 P1 (urban) site in this study, the concentration of formaldehyde at roadside 

was the highest site of this study. Báez et al. (1995) mentioned that the influence may 

come from meteorological conditions especially wind speed as well as in this area P1 

was located around a number of high buildings. However, the difference among  level 

of carbonyl compounds at roadside between urban and suburb areas did not find the 

statistical significant difference For the gasoline workers in this study, the result 
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found that the difference level of butyraldehyde inside gasoline station in urban and 

suburb areas was statistically significant association levels at 0.05. Source of 

butyraldehyde in each may come from vehicles exhaust (Báez et al., 2003). 

 Benzaldehyde was also found to be the dominant carbonyl in the exhaust of 

vehicles fueled by gasoline (Pang et al., 2007). In this study, this compound was 

found 1.61 – 1.37 µg/m
3
. Cerón et al. (2007) reported propionaldehyde is emitted 

from vehicles while this study did not find propionaldehyde. Báez et al. (2003) 

reported that butyraldehyde has been detected in exhaust emissions from diesel 

engines; this study found that butyraldehyde is the fourth found concentration. It 

could be assumed that butyraldehyde was released from diesel vehicles in gasoline 

station and/or from vehicles on road.  

 

5.4  Concentration of carbonyl compound compare to other studies 

 

 Formaldehyde and acetaldehyde concentration differed from other studies due 

to sampling approach, timeframe, sampling place, environment depended on study 

objective. In this study, formaldehyde and acetaldehyde concentration in roadside 

stationary were higher than other studies, because the chosen roadsides-Sukhumvit 

road and Bangna-Trad road – have high traffic congestion that most cars are unwell-

conditioned without installing catalytic converters which VOCs emitted more VOCs 

(Morknoy et al., 2010) (see Table 5.1) 

 

5.5 Carcinogenic and non-carcinogenic risk characterization 

 

 According to carcinogenic risk characterization calculation, at mean and RME 

level, carcinogenic risk of gasoline workers ranged 2 workers in 10 million to 2 

workers in one thousand which were slightly different for each gasoline station while 

non-carcinogenic risk characterization calculation showed that, at mean and RME 

level, it may have no severe acute risk such as unconsciousness but slight acute risk 

e.g. dizziness, fatigue, respiratory tract irritation. Those slight acute symptoms may 

mainly affect the health later. To reduce the effect of CCs exposure in gasoline 

station, all vapor recovery system in Thailand need to be reconsidered including 
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monitoring concentration of VOCs from gasoline transportation especially 

transferring gasoline to background tank. Additionally, gasoline workers use PPE 

such as flu mask, gloves or glasses in order to reduce CCs exposure.     

 In addition to gasoline station, another study found a health risk from exposing 

formaldehyde and acetaldehyde such as shopping centers, supermarkets, railway 

station, bus station, furniture store, ballroom and office (Weng et al., 2009). The 

author suggests that these areas be part of further researches.   

 

5.6 Carbonyl compounds correlation 

 

 At roadside stationary monitoring found significantly high positive correlation 

at roadside (r=0.778) (P<0.01) between formaldehyde and acetaldehyde. Because the 

major source of formaldehyde and acetaldehyde was the product of incompleted 

combustion of old engine without installing catalytic converter (morknoy et al., 2010), 

causing air pollution in traffic-congested roadside. Therefore, without proper 

protection, people living close to roadside and gasoline station may have a higher risk 

from CCs exposure. However, the health risk depends on other factors as well, such 

as concentration level, exposure duration. 

5.7 Exposure period of gasoline workers  

 In this study, gasoline workers at all sites have only one holiday per week, 

while another study result was 6.2 of working day per week (Tunsaringkarn et al., 

2011). It was similar to result from this study. The working hour per day in this study 

was 9.3 hours for urban and 10.0 hours for suburb, while 10.6 ± 1.7 hours per day on 

Tunsaringkarn study. The cancer risk characterization in this study was found at mean 

and RME levels. Gasoline station managers, thus, should provide more holidays to 

gasoline workers in order to reduce the exposure period. 



 

 

  Table 5.1 Comparison of the concentrations of CCs (µg/m
3
) 

Location Formaldehyde Acetaldehyde Acetone 

 

Environment Reference 

 

Range Mean ± SD Range Mean ± SD Range Mean ± SD  

Xalapa, Mexico 6.0-38 22.0 ± 9.0 5.0-32.0 17.0 ± 8.0 1.0-28.0 14.0 ± 7.0 Urban Báez. et al. (2003) 

Athens, Greece 0.05-33.3 10.7 ± 15.6 2.7-21.3 12.3 ± 7.5 1.0-136 6.5 ± 18.3 Urban Bakeas et al. (2003) 

Schauinsland, Germany 0.5-2.8 1.2 0.2-3.2 1.26 0.5-11.4 6.2 Rural Slemr et al. (1996) 

Rio de Janeiro, Brazil 6.8-34.6 10.8 ± 4.1 3.4-20.6 10.4 ± 4.6 1.6-10.7 4.1 Industrial/Urban Grosjean et al. (2002) 

Sấo Paulo, Brazil 4.0-27.7 10.7 9.3-178.0 33.8 NR NR Industrial/Urban Miguel et al. (1995) 

CachaPregos, Brazil 0.24-3.1 1.5 0.7-4.1 2.2 NR NR Rural de Andrade et al. (1998) 

Kuopio, Finland 1.3-2.8 NR 1.1-3.2 NR NR NR Highway Viskari et al. (2000) 

Fortaleza, Brazil 0.9-5.1 2.8 ± 1.8 0.1-3.4 0.7 ± 1.3 0.1-9.0 8.4 ± 4.6 Suburb Cavalcante et al. (2006) 

Bangkok, Thailand 5.14-17.2 11.53 1.59-7.95 3.51 NR NR Roadside (Morknoy et al. 2010) 

Bangkok, Thailand 7.88-31.24 16.76 ± 8.07 0.95-13.67 8.27 ± 4.16 5.82-17.38 13.53 ± 4.06 Urban roadside This study 

Bangkok, Thailand 8.83-23.82 14.70 ± 5.27 1.48-11.54 6.35 ± 3.86 10.48-59.99 12.50 ± 5.78 Suburb roadside This study 

          Adopt from Cavalcante et al., 2006. NR = Not Reported. 
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CHAPTER VI 

CONCLUSION 

 

6.1  Conclusion 

 

This study measured 12 carbonyl compounds at 4 gasoline stations. In each 

station was measured by roadside stationary and gasoline workers working in gasoline 

station. Questionnaires were used to collect the socio-demographic and symptoms 

occur among gasoline workers. 6 chemical substances were assessed for carcinogenic 

and non-carcinogenic effect. 

 1. The results showed the participants age was in the range of 18-36 years old. 

The average weight (mean ± SD) was 56.7 ± 8.1 kg. 

 2. PPE using in gasoline station should be used in gasoline station because 

several of duty in gasoline station can add more exposure to gasoline workers. 

3. Exposure assessment of gasoline worker was calculated using reasonable 

maximum exposure (RME) at the 95
th

 percentile; the inhalation intake of 

carcinogenic carbonyl i.e. formaldehyde and acetaldehyde in workers was in the 

range of 1.90 × 10
-5

 to 4.11 × 10
-4

 mg/kg/day. Risk characterization for cancer was 

in the range of 2 workers in 10 million to 2 workers in one hundred thousand. For 

non-carcinogenic carbonyl i.e. formaldehyde, acetaldehyde, benzaldehyde, 

valeradehyde, propionaldehyde, and butyraldehyde, the inhalation intake of non-

carcinogenic carbonyl in workers was in the range of 4.88 × 10
-3

 to 1.16 µg/m
3
. To 

assess non-carcinogenic health effects, the Hazard Index (HI) was used; the results 

showed that gasoline workers may not be at risk via inhalation exposure of non-

carcinogenic health because the HI was not greater than the acceptable level (HI < 

1).    

 4. High positive correlation between formaldehyde and acetaldehyde was 

found in roadside stationaries but not among workers inside gasoline stations. Assume 

that, higher risk to whom always working nearby roadside than whom working inside 

gasoline station. 
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 5. There was no association between symptom occurrence and health risk 

factors except respiratory tract irritation and last-three-month workers‟ symptom 

  

6.2  Suggested recommendation  

 

In general, it is known that Risk = Hazard × Exposure (EPA, 2010e). Although, 

we may not reduce the hazard of CCs, but we may reduce exposure by encouraging the 

gasoline workers to give high priority on their health by wearing personal protective 

equipment (PPE) such as appropriate gas mask, gloves and safety goggles while working at 

the gasoline stations. 

  

6.3  Limitation of this study 

  

 At first, this study was decided to collect 6 gasoline station samples but due to 

technical difficulties that was some gasoline stations did not allowed to collect the 

samples and canceled to be part of this study because they worried about the safety of 

gasoline station. So the number of gasoline station samples, personal collection, and 

questionnaire were reduced. 
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APPENDIX A 

SCHEDULE OF STUDY 

 

Project procedure 

Time Frame (Month)   

June 

10 

July 

10 

Aug 

10 

Sep 

10 

Oct 

10 

Nov 

10 

Dec 

10 

Jan 

11 

Feb 

11 

Mar 

11 

Apr 

11 

May 

11 

1. Literature review 

and write Thesis 

proposals 

            

2. Proposal exam and 

contact with gas 

station companies 

            

3. Ethic consideration 

from Chulalongkorn 

University (CPHS) 

            

4. Research tool (Set-

up and Pre-test)  

            

6. Data collection             

8. Data analysis             

9. Discussion report 

writing 

            

10.Thesis defense and 

public to journal 
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APPENDIX B 

ESTIMAITED BUDGET 

 

Laboratory and Analysis     100,000 Baht 

Document and Questionnaire     5,000 Baht 

Transportation       5,000 Baht 

Worker‟s incentive      5,000 Baht 

Others        15,000 Baht 

    

 

       Total   130,000 Baht 
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APPENDIX C  

 QUESTIONNAIRES  

Participant code _______  

How to create a code? = Day: month: Workers who give health risk evaluation 

(W), General workers (G) : company, PTT (P), Shell (S), Caltex (C) : Urban (U) : 

Suburb (B)   

Example 4 Feb, general worker, working in Shell company, gas station stay in 

Urban area = 42GSU 

Example 4 Feb, workers who give health risk evaluation, working in PTT 

company, gas station stay in suburb area = 42WPB 

Thesis topic: Health Risk Assessment Associated with Inhalation Exposure to 

Gasoline Workers in Bangkok, Thailand 

This questionnaire is part of master degree curriculum (M.P.H), College of 

public health sciences Chulalongkorn University. All results which give from this 

questionnaire will be used for education only, please mark X on ___ which this 

questionnaire approved from proposal examination committee already on January 

2011   

Part I: General Information  

1. Gender    __Male   __Female 

2. Body weight ___________________Kg and height __________centimeters 

3. Age ___________________________years 

4. Education level ___________________________ 

5. Income_________________________ baht/month 

6. Smoking behavior __yes __no and amount____________ pieces/day 

7. Marital status __married  __single 

8. Do you have congenital disease? Please define…. 

 8.1______________________________________ 

 8.2______________________________________ 

9. Your hobbit? Please define… 

 9.1 ______________________________________________ 

 9.2_____________________________________________ 
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10. When you have a space time, what your habitually  

activities? ____________________ 

11. In the last three month ago, did you have health problems? Please define…  

 11.1_____________________________________________ 

 11.2_____________________________________________ 

12. What your responsibility or duties in this gas station? Please define… 

12.1_____________________________________________ 

 12.2_____________________________________________ 

Part II: Usability of Personal Protection Equipment (PPE) data 

13.  __Use (Normal cloth) 

 __Use (Reliable Mask e.g. guarantee by EPA serial number for PPE) 

 __Not use 

Part III: General Information of gas station 

14. The number of main distributes tank refuel__________________________   units 

15. The number of mini tank refuels for customers‟ service__________________units 

Part IV: Attitude for health status in gas station 

16. Do you know about volatile compounds in gasoline, it harmful for health?  

 __Know __Don„t know, If you know please 

define______________________ 

 Which ways almost to exposure? :  __inhalation __ingestion __dermal 

17. Did you have some symptoms since you started this job? Please define 

_______________________________________________________ 

Part V: Inhalation exposure data 

18. Frequency of refuel the gasoline or gasohol 

 ______________________________________ Times/day 

______________________________________ Times/week 

______________________________________ Times/month 

19. Duration of refuel the gasoline or gasohol ___________ minutes/time 

20. How long you work_______ months or _______ days/year  

21. Work shift __________________________________ hours/day 
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Part VI: Health care consume 

22. Normally, if you have some disease, where you choose to treat your disease 

 22.1 Government‟s hospital, please define________________________ 

 22.2 Private‟s hospital, please define____________________________ 

 22.3 Health care center, please define____________________________ 

 22.4 Private clinic, please define________________________________ 

 22.5 Other, please define______________________________________  

23. What your Insurance coverage? ____________________________________ 

24. Which ways you give the information about health insurance? ___________ 

25. Did you get symptoms which show below? 

Symptoms Yes Never 

Drowsiness   

dizziness    

headaches   

Eye, skin irritation   

Respiratory tract irritation   

Unconsciousness    

Fatigue   

Nausea   

Sore throat or throat 

irritation 

  

Lack of muscle 

coordination 

  

Confusion   

***Thanks for your cooperate and interest for answers*** 

***Researcher will not reveal the private data in public, conference meeting or others 

for the human right*** 
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แบบสอบถาม 
รหัสผู้ตอบแบบสอบถาม___________________ 

** การเขา้รหสั** วนัท่ี : เดือน : ผูมี้ส่วนร่วมวจิยัท่ีไดรั้บการประเมินความเส่ียง(W), ผูมี้ส่วนร่วม
วจิยัทัว่ไป General(G) : เครือบริษทั PTT(P), Shell(S), Caltex(C) : เมืองหลวง(U) : ชานเมือง(B)  
ตวัอยา่งเช่น   วนัท่ี 4 กุมภาพนัธ์ คนงานทัว่ไป ป๊ัมน ้ามนัเครือ Shell บริเวณเมืองหลวง  

รหสัผูต้อบแบบสอบถาม 42GSU 
วนัท่ี 4 กุมภาพนัธ์ คนงานท่ีไดรั้บการประเมินความเส่ียง ป๊ัมน ้ามนัเครือ PTT 
บริเวณชาน- 
เมือง รหสัผูต้อบแบบสอบถาม 42WPB 

วทิยานิพนธ์ เร่ือง การประเมินความเส่ียงทางสุขภาพของคนงานในสถานประกอบการน ้ามนั
ทางการหายใจในกรุงเทพมหานคร ประเทศไทย 

ค าช้ีแนะ แบบสอบถามน้ีเป็นส่วนหน่ึงของการศึกษาตามหลกัสูตรปริญญาโท (สาธารณสุขศาสตร์ 
มหาบณัฑิต) วทิยาลยัวทิยาศาสตร์สาธารณสุข จุฬาลงกรณ์มหาวทิยาลยั โดยผลท่ีไดจ้ะน าไปใชเ้พื่อ
วตัถุประสงคท์างการศึกษาเท่านั้น โปรดท าเคร่ืองหมาย X บน____ ซ่ึงแบบสอบถามน้ีไดผ้า่นความ
เห็นชอบจากผูท้รงคุณวฒิุเป็นท่ีเรียบร้อยแลว้ จากกรรมการพิจารณาโครงร่างวทิยานิพนธ์เม่ือเดือน
มกราคม 2554 
ส่วนที ่1 : ข้อมูลทัว่ไป 
1. เพศ __ชาย  __หญิง 
2. น ้าหนกั ___________________ (กิโลกรัม) สูง __________________ (เซนติเมตร) 
3. อาย ุ___________________________ปี 
4. ระดบัการศึกษา _____________________________________________________________ 
5. รายได_้________________________บาท/เดือน 
6. ท่านสูบบุหร่ีหรือไม่? __สูบ __ไม่สูบ จ านวน____________ มวน/วนั 
7. สถานภาพของท่าน __แต่งงานแลว้  __โสด 
8. ท่านมีโรคประจ าตวัหรือไม่?  ถา้มี โปรดระบุ… 
 8.1 โรคอะไร _______________________________________ 

8.2 โรคอะไร _______________________________________ 
9. งานอดิเรกของท่าน… 
 9.1 ______________________________________________ 
 9.2_____________________________________________ 
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10. เวลาวา่งคุณท าอะไรเป็นประจ า________________________________________________ 
11. ภายในสามเดือนท่ีผา่นมาท่านมีปัญหาทางสุขภาพหรือไม่ ถา้มีโปรดระบุ 
 11.1_____________________________________________ 
 11.2_____________________________________________ 
12. ในสถานประกอบการน ้ามนัแห่งน้ีท่านมีหนา้ท่ีหรือต าแหน่งรับผดิชอบอะไรบา้ง… 
 12.1_____________________________________________ 
 12.2_____________________________________________ 
ส่วนที ่2 : ข้อมูลการใช้อุปกรณ์ป้องกนัการรับสัมผสั 
13. ท่านไดใ้ชอุ้ปกรณ์หนา้กากเพื่อป้องกนัไอระเหยจากน ้ามนัหรือไม่ (ชนิดใด)   

__ใช ้(ผา้ธรรมดา) 
   __ใช ้(หนา้กากท่ีไดรั้บมาตรฐานจาก EPA และมี serial number ก ากบั) 
   __ไม่ใช ้
ส่วนที ่3 : ข้อมูลถานประกอบการน า้มันเบือ้งต้น 
14. หวัจ่ายน ้ามนัหลกัของสถานีมีจ านวนทั้งหมด ___________________________________   หวั 
15. หวัจ่ายน ้ามนัส าหรับลูกคา้มีจ านวนทั้งหมด__________________ หวั 
ส่วนที ่4 : ข้อคิดเห็นเกีย่วกบัปัญหาทางสุขภาพในสถานประกอบการน า้มัน 
16. ท่านทราบหรือไม่วา่ไอระเหยน ้ามนัมีอนัตรายต่อสุขภาพ?  __ทราบ __ไม่ทราบ 
 ถา้ทราบโปรดระบุ________________________________________________________ 
 ท่านคิดวา่การรับสัมผสัทางใดท่ีสามารถรับสารพิษจากน ้ามนัเขา้สู่ร่างกายคุณมากท่ีสุด ? :  
 __การหายใจ __การทาน/ด่ืม __ผวิหนงั 
17. ท่านรู้สึกหรือมีอาการท่ีเก่ียวกบัสุขภาพภายหลงัจากเขา้มาท างานในสถานประกอบการน ้ามนั
หรือไม่ ถา้มี โปรดระบุ? 
______________________________________________________________ 
ส่วนที ่5: ข้อมูลการรับสัมผัสทางการหายใจ 
18. จ านวนคร้ังในการเติมน ้ามนัใหแ้ก่ลูกคา้ (โดยประมาณ) 

 ______________________________________ คร้ัง/วนั 
______________________________________ คร้ัง/อาทิตย ์
______________________________________ คร้ัง/เดือน 

19. การเติมน ้ามนัแต่ละคร้ังใชเ้วลานานเท่าใด ____________________________นาที/คร้ัง 
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20. ท่านท างานในสถานประกอบการน ้ามนัแห่งน้ีมานานเท่าใด? _______ เดือน หรือ คิด
เป็น_______________วนั/ปี  
21. ท่านท างานในสถานประกอบการน ้ามนัแห่งในแต่ละวนัก่ีชัว่โมง_______________ชัว่โมง/วนั 
 ส่วนที ่6: การใช้บริการระบบสุขภาพและผลกระทบต่อสุขภาพ 
22. หากมีอาการเจบ็ป่วย ท่านเขา้รับการรักษาท่ีใด 

22.1 โรงพยาบาลรัฐ (โปรดระบุ)…………………………………………………………..  
22.2 โรงพยาบาลเอกชน (โปรดระบุ)………………………………………………………  
22.3 สถานีอนามยั (โปรดระบุ)............................................................................................ 
22.4 คลินิกเอกชน (โปรดระบุ) …………………………………………………………… 
22.5 อ่ืนๆ (โปรดระบุ)........................................................................................................... 

23. ระบบประกนัสุขภาพท่ีท่านใชบ้ริการอยูคื่อ 
_________________________________________ 
24. ท่านรับขอ้มูลข่าวสารเก่ียวกบัระบบประกนัสุขภาพจากแหล่งใด? 
_________________________ 
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25. ท่านเคยมีอาการดงัต่อไปน้ีหรือไม่ 
อาการ ไม่เคย เลก็น้อย 
ง่วงนอน   
เวยีนศีรษะ    
ปวดศีรษะ   
ตาหรือผวิหนงัเกิดการระคาย
เคือง 

   

ระคายเคืองทางเดินหายใจ 
(ไอ,มีเสมหะ) 

  

หมดสติ   
เหน่ือยลา้   
คล่ืนไส้   
เจบ็คอ   
กลา้มเน้ือท างานผิดปกติ   
สับสนง่าย   
 

***ขอบคุณท่ีสละเวลาอนัมีค่าและใหค้วามร่วมมือเป็นอยา่งดี*** 
***ผูว้จิยัจะไม่เปิดเผยขอ้มูลส่วนตวัใดๆของผูต้อบแบบสอบถามน้ีทั้งในท่ีสาธารณะ การประชุม

ทางวชิาการต่างๆ หรือทางใดก็ตาม เพื่อพิทกัษสิ์ทธิของผูมี้ส่วนร่วมในการวจิยั*** 
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APPENDIX D 

COMPARISON OF CARBONYL COMPOUNDS 

A. Comparison of carbonyl compounds in gasoline workers in urban station and 

suburb station 

Chemical's name 

 

T-test (degree of freedom = 22)  

  

  

T p-value   

Formaldehyde
**

 

 

-0.535 0.598 

  Acetaldehyde
**

 

 

-2.52 0.020* 

  Acetone
**

 

 

-0.223 0.826 

  Propionaldehyde
**

 

 

-0.796 0.435 

  Crotonaldehyde 

 

0.519 0.609 

  Butyraldehyde
**

 

 

1.677 0.108 

  Benzaldehyde 

 

1.817 0.083 

  Isovaleraldehyde 

 

0.308 0.761 

  Valeraldehyde
**

 

 

0.808 0.428 

  Hexanaldehyde
**

 

 

-0.711 0.485 

  B. Comparison of among carbonyl concentration level of roadside in urban areas and 

carbonyl concentration level of roadside in suburb areas 

Chemical's name 

 

T-test (degree of freedom = 10)  

  

T p-value 

Formaldehyde
**

 

 

0.522 0.613 

Acetaldehyde
**

 

 

0.830 0.426 

Acetone
**

 

 

0.355 0.730 

Propionaldehyde
**

 

 

0.972 0.354 

Crotonaldehyde 

 

0.580 0.574 

Butyraldehyde
**

 

 

3.38 0.007* 

Isovaleraldehyde 

 

3.440 0.018* 

Valeraldehyde
**

 

 

-1.248 0.241 

Hexanaldehyde
**

 

 

0.966 0.357 

* Statistically significant association at 0.05 Level.  

**normal distribution curve 
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APPENDIX E 

ASSOCIATION AMONG SYMPTOMS AND RISK FACTORS 

A. Association between symptoms occurrence and study areas 

Symptoms Urban 

 

Suburb 

 

ᵪ
2
 P-value 

(Fisher’s Exact 

test) 

Drowsiness 

Yes (%) 

No (%) 

 

11(84.6) 

2(15.4) 

 

6(75.0) 

2(25.0) 

0.297 0.618 

Dizziness 

Yes (%) 

No (%) 

 

7(53.8) 

6(46.2) 

 

5(62.5) 

3(37.5) 

0.151 1.000 

Headaches 

Yes (%) 

No (%) 

 

7(53.8) 

6(46.2) 

 

4(50.0) 

4(50.0) 

0.029 1.000 

Eye Skin throat 

irritation 

Yes (%) 

No (%) 

 

9(69.2) 

4(30.8) 

 

5(62.5) 

3(37.5) 

0.101 0.100 

Respiratory tract 

Yes (%) 

No (%) 

 

9(69.2) 

4(30.8) 

 

4(50.0) 

4(50.0) 

0.777 0.646 

Unconsciousness 

Yes (%) 

No (%) 

 

1(7.7) 

12(92.3) 

 

0(0) 

8(100.0) 

0.646 0.1000 

Fatigue 

Yes (%) 

No (%) 

 

10(76.9) 

3(23.1) 

 

5(62.5) 

3(37.5) 

0.505 0.631 

Nausea 

Yes (%) 

No (%) 

 

3(23.1) 

10(76.9) 

 

2(25.0) 

6(75.0) 

0.010 0.100 

Sore throat 

Yes (%) 

No (%) 

 

5(38.5) 

8(61.5) 

 

3(37.5) 

5(52.5) 

0.002 1.000 

Lack of muscle 

Yes (%) 

No (%) 

 

6(46.2) 

7(53.8) 

 

2(25.0) 

6(75.0) 

0.940 0.400 

Confusion 

Yes (%) 

No (%) 

 

8(61.5) 

5(38.5) 

 

3(37.5) 

5(62.5) 

1.147 0.387 
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B. Association between symptoms occurrence and education levels 

Symptoms Primary 

School 

 

Secondary 

School 

 

ᵪ
2
 P-value 

(Fisher’s 

Exact test) 

Drowsiness 

Yes (%) 

No (%) 

 

10 (83.3) 

2 (16.7) 

 

7 (77.8) 

2 (22.2) 

0.103 1.000 

Dizziness 

Yes (%) 

No (%) 

 

8 (66.7) 

4 (33.3) 

 

4 (44.4) 

5 (55.6) 

1.037 0.396 

Headaches 

Yes (%) 

No (%) 

 

7 (58.3) 

5 (41.7) 

 

4 (44.5) 

5 (55.5) 

0.398 0.670 

Eye Skin throat irritation 

Yes (%) 

No (%) 

 

8 (66.7) 

4 (33.3) 

 

6 (66.7) 

3 (33.3) 

0.000 1.000 

Respiratory tract irritation 

Yes (%) 

No (%) 

 

8 (66.7) 

4 (33.3) 

 

5 (55.6) 

4 (44.4) 

0.269 0.673 

Unconsciousness 

Yes (%) 

No (%) 

 

1 (8.3) 

11 (91.7) 

 

0 (0) 

9 (100.0) 

0.788 1.000 

Fatigue 

Yes (%) 

No (%) 

 

7 (58.3) 

5 (41.7) 

 

8 (88.9) 

1 (11.1) 

2.353 0.178 

Nausea 

Yes (%) 

No (%) 

 

1 (8.3) 

11 (91.7) 

 

4 (44.4) 

5 (55.6) 

3.697 0.119 

Sore throat 

Yes (%) 

No (%) 

 

3 (25.0) 

9 (75.0) 

 

5 (55.6) 

4 (44.4) 

2.036 0.203 

Lack of muscle 

Yes (%) 

No (%) 

 

4 (33.3) 

8 (66.7) 

 

4 (44.4) 

5 (55.6) 

0.269 0.673 

Confusion 

Yes (%) 

No (%) 

 

5 (41.7) 

7 (58.3) 

 

6 (66.7) 

3 (33.3) 

1.289 0.387 
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C. Association between symptoms occurrence and gender 

Symptoms Male 

 

Female 

 

ᵪ
2
 P-value 

(Fisher’s 

Exact test) 

Drowsiness 

Yes (%) 

No (%) 

 

9 (69.2) 

4 (30.8) 

 

8 (100.0) 

0 (0.0) 

3.041 0.131 

Dizziness 

Yes (%) 

No (%) 

 

6 (46.2) 

7 (53.8) 

 

6 (75.0) 

2 (25.0) 

1.683 0.367 

Headaches 

Yes (%) 

No (%) 

 

6 (46.2) 

7 (53.8) 

 

5 (62.5) 

3 (37.5) 

0.531 0.659 

Eye Skin throat irritation 

Yes (%) 

No (%) 

 

9 (69.2) 

4 (30.8) 

 

5 (62.5) 

3 (37.5) 

0.101 1.000 

Respiratory tract irritation 

Yes (%) 

No (%) 

 

8 (61.5) 

5 (38.5) 

 

5 (62.5) 

3 (37.5) 

0.002 1.000 

Unconsciousness 

Yes (%) 

No (%) 

 

1 (7.7) 

12 (92.3) 

 

0 (0) 

8 (100.0) 

0.646 1.000 

Fatigue 

Yes (%) 

No (%) 

 

10 (76.9) 

3 (23.1) 

 

5 (62.5) 

3 (37.5) 

0.505 0.631 

Nausea 

Yes (%) 

No (%) 

 

4 (30.8) 

9 (69.2) 

 

1 (12.5) 

7 (87.5) 

0.911 0.606 

Sore throat 

Yes (%) 

No (%) 

 

5 (38.5) 

8 (61.5) 

 

3 (37.5) 

5 (62.5) 

0.002 1.000 

Lack of muscle 

Yes (%) 

No (%) 

 

4 (30.8) 

9 (69.2) 

 

4 (50.0) 

4 (50.0) 

0.777 0.646 

Confusion 

Yes (%) 

No (%) 

 

7 (53.8.5) 

6 (46.2) 

 

4 (50.5) 

4 (50.5) 

0.029 1.000 
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D. Association between symptoms occurrence and gasoline workers‟ responsibility 

Symptoms Only 

refueling 

responsibility 

Multi 

responsibility 

 

ᵪ
2
 P-value 

(Fisher’s 

Exact test) 

Drowsiness 

Yes (%) 

No (%) 

 

7 (87.5) 

1 (12.5) 

 

10 (76.9) 

3 (23.1) 

0.359 1.000 

Dizziness 

Yes (%) 

No (%) 

 

5 (62.5) 

3 (37.5) 

 

7 (53.8) 

6 (46.2) 

0.151 1.000 

Headaches 

Yes (%) 

No (%) 

 

4 (50.0) 

4 (50.0) 

 

7 (53.8) 

6 (46.2) 

0.029 1.000 

Eye Skin throat irritation 

Yes (%) 

No (%) 

 

5 (62.5) 

3 (37.5) 

 

9 (69.2) 

4 (30.8) 

0.101 1.000 

Respiratory tract irritation 

Yes (%) 

No (%) 

 

5 (62.5) 

3 (37.5) 

 

8 (61.5) 

5 (38.5) 

0.002 1.000 

Unconsciousness 

Yes (%) 

No (%) 

 

0 (0.0) 

8 (100.0) 

 

1 (7.7) 

12 (92.3) 

0.646 1.000 

Fatigue 

Yes (%) 

No (%) 

 

5 (62.5) 

3 (37.5) 

 

10 (76.9) 

3 (23.1) 

0.505 0.631 

Nausea 

Yes (%) 

No (%) 

 

2 (25.0) 

6 (75.0) 

 

3 (23.1) 

10 (76.9) 

0.010 1.000 

Sore throat 

Yes (%) 

No (%) 

 

4 (50.0) 

4 (50.0) 

 

4 (30.8) 

9 (69.2) 

0.777 0.646 

Lack of muscle 

Yes (%) 

No (%) 

 

3 (37.5) 

5 (62.5) 

 

5 (38.5) 

8 (61.5) 

0.002 1.000 

Confusion 

Yes (%) 

No (%) 

 

3 (37.5) 

5 (62.5) 

 

8 (61.5) 

5 (38.5) 

1.147 0.387 
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E. Association between symptoms occurrence and workers‟ awareness of VOCs 

Symptoms Don’t 

Know 

 

Know 

 

ᵪ
2
 P-value 

(Fisher’s 

Exact test) 

Drowsiness 

Yes (%) 

No (%) 

 

3 (60.0) 

2 (40.0) 

 

14 (87.5) 

2 (12.5) 

1.868 0.228 

Dizziness 

Yes (%) 

No (%) 

 

3 (60.0) 

2 (40.0) 

 

9 (56.3) 

7 (43.7) 

0.022 1.000 

Headaches 

Yes (%) 

No (%) 

 

2 (40.0) 

3 (60.0) 

 

9 (56.3) 

7 (43.7) 

0.403 0.635 

Eye Skin throat irritation 

Yes (%) 

No (%) 

 

3 (60.0) 

2 (40.0) 

 

11 (68.8) 

5 (31.2) 

0.131 1.000 

Respiratory tract irritation 

Yes (%) 

No (%) 

 

3 (60.0) 

2 (40.0) 

 

10 (62.5) 

6 (37.5) 

0.010 0.656 

Unconsciousness 

Yes (%) 

No (%) 

 

0 (0.0) 

5 (100.0) 

 

1 (6.2) 

15 (93.8) 

0.328 1.000 

Fatigue 

Yes (%) 

No (%) 

 

3 (60.0) 

2 (40.0) 

 

12 (75.0) 

4 (25.0) 

0.420 0.598 

Nausea 

Yes (%) 

No (%) 

 

2 (40.0) 

3 (60.0) 

 

3 (18.8) 

13 (81.2) 

0.948 0.553 

Sore throat 

Yes (%) 

No (%) 

 

2 (40.0) 

3 (60.0) 

 

6 (37.5) 

10 (62.5) 

0.010 1.000 

Lack of muscle 

Yes (%) 

No (%) 

 

1 (20.0) 

4 (80.0) 

 

7 (43.8) 

9 (56.2) 

0.911 0.606 

Confusion 

Yes (%) 

No (%) 

 

2 (40.0) 

3 (60.0) 

 

9 (56.2) 

7 (43.8) 

0.403 0.635 
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F. Association between symptoms occurrence and workers‟ symptom occurrence in 

the last three month 

Symptoms Never 

 

Once 

 

ᵪ
2
 P-value 

(Fisher’s 

Exact test) 

Drowsiness 

Yes (%) 

No (%) 

 

12 (85.7) 

2 (14.3) 

 

5 (71.4) 

2 (28.6) 

0.618 0.574 

Dizziness 

Yes (%) 

No (%) 

 

9 (64.3) 

5 (35.7) 

 

3 (42.8) 

4 (57.2) 

0.875 0.397 

Headaches 

Yes (%) 

No (%) 

 

7 (50.0) 

7 (50.0) 

 

4 (57.1) 

3 (42.9) 

0.095 1.000 

Eye Skin throat irritation 

Yes (%) 

No (%) 

 

9 (64.3) 

5 (35.7) 

 

5 (42.8) 

2 (57.2) 

0.107 1.000 

Respiratory tract irritation 

Yes (%) 

No (%) 

 

6 (42.8) 

8 (57.2) 

 

7 (100.0) 

0 (0.0) 

6.462 0.018* 

Unconsciousness 

Yes (%) 

No (%) 

 

0 (0) 

14 (100.0) 

 

1 (14.3) 

6 (85.7) 

2.100 0.333 

Fatigue 

Yes (%) 

No (%) 

 

10 (71.4) 

4 (28.6) 

 

5 (42.8) 

2 (57.2) 

0.000 1.000 

Nausea 

Yes (%) 

No (%) 

 

4 (28.6) 

10 (71.4) 

 

1 (14.3) 

6 (85.7) 

0.525 0.624 

Sore throat 

Yes (%) 

No (%) 

 

7 (50.0) 

7 (80.0) 

 

1 (14.3) 

6 (85.7) 

2.524 0.174 

Lack of muscle 

Yes (%) 

No (%) 

 

5 (35.7) 

9 (64.3) 

 

3 (42.9) 

4 (57.1) 

0.101 1.000 

Confusion 

Yes (%) 

No (%) 

 

8 (57.2) 

6 (42.8) 

 

3 (42.9) 

4 (57.1) 

0.382 0.659 

* Statistically significant association at 0.05 Level.  
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G. Association between symptoms occurrence and chronic disease 

Symptoms Not have 

chronic 

disease 

 

Have 

chronic 

disease 

 

ᵪ
2
 P-value 

(Fisher’s 

Exact test) 

Drowsiness 

Yes (%) 

No (%) 

 

15 (79.0) 

4 (21.0) 

 

2 (100.0) 

0 (0.0) 

0.520 1.000 

Dizziness 

Yes (%) 

No (%) 

 

10 (52.6) 

9 (47.4) 

 

2 (100.0) 

0 (0.0) 

1.658 0.486 

Headaches 

Yes (%) 

No (%) 

 

9 (47.4) 

10 (52.6) 

 

2 (100.0) 

0 (0.0) 

2.010 0.476 

Eye Skin throat irritation 

Yes (%) 

No (%) 

 

13 (68.4) 

6 (31.6) 

 

1 (50.0) 

1 (50.0) 

0.276 1.000 

Respiratory tract irritation 

Yes (%) 

No (%) 

 

12 (63.2) 

7 (36.8) 

 

1 (50.0) 

1 (50.0) 

0.133 1.000 

Unconsciousness 

Yes (%) 

No (%) 

 

1 (5.2) 

18 (94.8) 

 

0 (0) 

2 (100.0) 

0.111 1.000 

Fatigue 

Yes (%) 

No (%) 

 

14 (73.7) 

5 (26.3) 

 

1 (50.0) 

1 (50.0) 

0.497 0.500 

Nausea 

Yes (%) 

No (%) 

 

5 (26.3) 

14 (73.7) 

 

0 (0.0) 

2 (100.0) 

0.691 1.000 

Sore throat 

Yes (%) 

No (%) 

 

8 (42.1) 

11 (57.9) 

 

0 (0.0) 

2 (100.0) 

1.360 0.505 

Lack of muscle 

Yes (%) 

No (%) 

 

8 (42.1) 

11 (57.9) 

 

0 (0.0) 

2 (100.0) 

1.360 0.505 

Confusion 

Yes (%) 

No (%) 

 

10 (52.6) 

9 (47.4) 

 

1 (50.0) 

1 (50.0) 

0.005 1.000 
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H. Association between symptoms occurrence and smoking behavior 

Symptoms Never 

smoke 

 

Smoke 

 

ᵪ
2
 P-value 

(Fisher’s 

Exact test) 

Drowsiness 

Yes (%) 

No (%) 

 

14 (82.4) 

3 (17.6) 

 

3 (75.0) 

1 (25.0) 

0.114 1.000 

Dizziness 

Yes (%) 

No (%) 

 

8 (47.1) 

9 (52.9) 

 

4 (100.0) 

0 (50.0) 

3.706 0.104 

Headaches 

Yes (%) 

No (%) 

 

8 (47.1) 

9 (52.9) 

 

3 (75.0) 

1 (25.0) 

1.014 0.586 

Eye Skin throat irritation 

Yes (%) 

No (%) 

 

11 (64.7) 

6 (35.3) 

 

3 (75.0) 

1 (25.0) 

0.154 1.000 

Respiratory tract irritation 

Yes (%) 

No (%) 

 

10 (58.8) 

7 (51.2) 

 

3 (75.0) 

1 (25.0) 

0.359 1.000 

Unconsciousness 

Yes (%) 

No (%) 

 

0 (0.0) 

17 (100.0) 

 

1 (25.0) 

3 (75.0) 

4.462 0.190 

Fatigue 

Yes (%) 

No (%) 

 

13 (76.5) 

4 (23.5) 

 

2 (50.0) 

2 (50.0) 

1.112 0.544 

Nausea 

Yes (%) 

No (%) 

 

4 (23.5) 

13 (76.5) 

 

1 (25.0) 

3 (75.0) 

0.004 1.000 

Sore throat 

Yes (%) 

No (%) 

 

7 (41.2) 

10 (58.8) 

 

1 (25.0) 

3 (75.0) 

0.359 1.000 

Lack of muscle 

Yes (%) 

No (%) 

 

7 (41.2) 

10 (58.8) 

 

1 (25.0) 

3 (75.0) 

0.359 1.000 

Confusion 

Yes (%) 

No (%) 

 

10 (58.8) 

7 (41.2) 

 

1 (25.0) 

3 (75.0) 

1.485 0.311 
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I. Association between symptoms occurrence and marital status 

Symptoms Single 

 

Married 

 

ᵪ
2
 P-value 

(Fisher’s 

Exact test) 

Drowsiness 

Yes (%) 

No (%) 

 

12 (85.7) 

2 (14.3) 

 

5 (71.4) 

2 (28.6) 

0.618 1.000 

Dizziness 

Yes (%) 

No (%) 

 

8 (57.1) 

10 (42.9) 

 

4 (57.1) 

3 (42.9) 

0.000 1.000 

Headaches 

Yes (%) 

No (%) 

 

7 (50.0) 

7 (50.0) 

 

4 (57.1) 

3 (42.9) 

0.095 1.000 

Eye Skin throat irritation 

Yes (%) 

No (%) 

 

9 (64.3) 

5 (35.7) 

 

5 (71.4) 

2 (28.6) 

0.107 1.000 

Respiratory tract irritation 

Yes (%) 

No (%) 

 

7 (50.0) 

7 (50.0) 

 

6 (85.7) 

1 (14.3) 

2.524 0.174 

Unconsciousness 

Yes (%) 

No (%) 

 

1 (7.1) 

13 (92.9) 

 

0 (0) 

7 (100.0) 

0.525 1.000 

Fatigue 

Yes (%) 

No (%) 

 

11 (78.6) 

3 (21.4) 

 

4 (57.1) 

3 (42.9) 

1.050 0.354 

Nausea 

Yes (%) 

No (%) 

 

5 (35.7) 

9 (64.3) 

 

0 (0.0) 

7 (100.0) 

3.281 0.123 

Sore throat 

Yes (%) 

No (%) 

 

7 (50.0) 

7 (50.0) 

 

1 (14.3) 

6 (85.7) 

2.524 0.174 

Lack of muscle 

Yes (%) 

No (%) 

 

7 (50.0) 

7 (50.0) 

 

1 (14.3) 

6 (85.7) 

2.524 0.174 

Confusion 

Yes (%) 

No (%) 

 

9 (64.3) 

5 (35.7) 

 

2 (28.6) 

5 (71.4) 

2.386 0.183 
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APPENDIX F 

PATIENT/ PARTICIPANT INFORMATION SHEET 

รูปแบบ 
ข้อมูลส าหรับกลุ่มประชากรหรือผู้มส่ีวนร่วมในการวจิยั 

ช่ือโครงการวจิยั การประเมินความเส่ียงทางสุขภาพของคนงานในสถานประกอบการน ้ ามนัทางการหายใจใน
กรุงเทพมหานคร ประเทศไทย 

ช่ือผูว้จิยั นายสุคท นพรัตนบณัฑิต ต าแหน่ง นิสิต 
สถานท่ีติดต่อผูว้จิยั (ท่ีท างาน) ชั้น 11 อาคารสถาบนั 3 วทิยาลยัวทิยาศาสตร์สาธารณสุข  

(ท่ีบา้น) 16/1 ถนนสุรวงศ ์แขวงส่ีพระยา เขตบางรัก กรุงเทพมหานคร 10500 
โทรศพัท ์(ท่ีท างาน) …………......………ต่อ …...……….. โทรศพัทท่ี์บา้น ......…………………… 
โทรศพัทมื์อถือ 0879221711 E-mail : Darkslide555@hotmail.com 

ขอเรียนเชิญท่านเขา้ร่วมในการวจิยั ก่อนท่ีท่านจะตดัสินใจเขา้ร่วมในการวจิยั มีความจ าเป็นท่ีท่านควรท า
ความเขา้ใจวา่งานวจิยัน้ีท าเพราะเหตุใด และเก่ียวขอ้งกบัอะไร กรุณาใชเ้วลาในการอ่านขอ้มูลต่อไปน้ีอยา่งละเอียด
รอบคอบ และสอบถามขอ้มูลเพ่ิมเติมหรือขอ้มูลท่ีไม่ชดัเจนไดต้ลอดเวลา 

โครงการวจิยัน้ีเก่ียวขอ้งกบัสารเคมีท่ีล่องลอยในอากาศบริเวณป๊ัมน ้ ามนัซ่ึงสารเคมีเหล่าน้ีหากคนงานรับ
สมัผสัสารเขา้ไป จะมีผลกระทบทางสุขภาพทั้งในระยะสั้น (เฉียบพลนั) เช่น เวยีนศีรษะ ไอ จาม ง่วงนอน และระยะ
ยาวหากรับสมัผสัมาก่อนเป็นเวลานาน (เร้ือรัง) เช่น มะเร็งเมด็เลือดขาว ซ่ึงผูว้จิยัเห็นความส าคญัของปัญหาดา้นมลพิษ
อากาศในป๊ัมน ้ ามนั ซ่ึงอาจมีผลกระทบทางสุขภาพต่อคนงานได ้ ดงันั้นงานวจิยัน้ีจึงถือก าเนิดข้ึนจากความส าคญัของ
ปัญหาดงักล่าวเพ่ือประเมินความเส่ียงภาวะสุขภาพทั้งในปัจจุบนัและอนาคต 

วตัถุประสงคข์องงานวจิยัช้ินน้ีมีวตัถุประสงคเ์พ่ือประเมินความเส่ียงทางสุขภาพจากการรับสมัผสัสารเคมี
ของคนงานท่ีท างานภายในป๊ัมน ้ ามนั (ซ่ึงต่อไปน้ีจะเรียกวา่ ผูมี้ส่วนร่วมการวจิยั) บริเวณใจกลางเมืองและบริเวณชาน
เมือง บริเวณใจกลางเมืองคือป๊ัมน ้ ามนัท่ีติดถนนสุขมุวทิ ส่วนบริเวณชานเมืองคือป๊ัมน ้ ามนัท่ีอยูติ่ดถนนบางนาตราด 
ซ่ึงสาเหตุของการเลือกสถานท่ีวจิยัทั้งสองสถานท่ีนั้น ผูว้จิยัคาดวา่ความเส่ียงทางสุขภาพของผูมี้ส่วนร่วมการวจิยั 
ผลลพัธ์ท่ีออกมานั้นคาดวา่มีความแตกต่างกนัพอสมควร ดงันั้นผูว้จิยัจึงเลือกสถานท่ีเหล่าน้ีท าการวจิยั  

ผูมี้ส่วนร่วมในการวจิยัตอ้งเป็นคนท่ีท างานอยูใ่นป๊ัมน ้ ามนันั้นๆ โดยตอ้งท างานในช่วงเดือน เมษายน 2554 
โดยไม่ลาออกจากงานในช่วงเวลาดงักล่าว เกณฑก์ารคดัเขา้ คือ ผูมี้ส่วนร่วมการวจิยัตอ้งใชเ้วลาในการท างานส่วนมาก
อยูบ่ริเวณท่ีกลางแจง้ หรือบริเวณท่ีเติมน ้ ามนั, มีภาวะสุขภาพท่ีดีขณะท าการวจิยั, ไม่มีอาการเจ็บป่วยช่วงเก็บขอ้มูล
และอายตุอ้งมากกวา่หรือเท่ากบั 18 ปี ส่วนเกณฑก์ารคดัออกนั้นคือ ผูมี้ส่วนร่วมการวจิยัท่ีท างานท่ีใชเ้วลาส่วนใหญ่
ในท่ีร่ม หรือในร้านคา้ในป๊ัมน ้ ามนั, คนทอ้งหรือหญิงมีครรภ ์
 ป๊ัมน ้ ามนัในการวจิยัน้ีมีอยู ่ 6 สถานี ในแต่ละสถานีนั้นมีผูมี้ส่วนร่วมการวจิยัท่ีตอ้งประเมินความเส่ียง
ทางสุขภาพจากการรับสมัผสัสารเคมี สถานีละ 2 คน รวมเป็น 12 คน ตลอดการวจิยัเพื่อใหบ้รรลุถึงวตัถุประสงคข์อง
งานวจิยัน้ี แต่เน่ืองจากงานวจิยัช้ินน้ีมีการใชแ้บบสอบถามกบัผูมี้ส่วนร่วมการวจิยัทุกคนท่ีท างานหนา้ลานเติมน ้ ามนั
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ในป๊ัมน ้ ามนัเพ่ือเป็นการเก็บขอ้มูลทัว่ไปของผูมี้ส่วนร่วมการวจิยัในป๊ัม ซ่ึงเป็นส่วนส าคญัของงานวจิยัน้ีอีกส่วนหน่ึง 
(แบบสอบถามนั้นผูว้จิยัจะเก็บขอ้มูลส่วนตวัของผูมี้ส่วนร่วมการวจิยัไวเ้ป็นความลบั ไม่มีการเผยแพร่) ดว้ยเหตุน้ี 
จ านวนผูมี้ส่วนร่วมในการวจิยั จึงมีมากกวา่ 12 คน ข้ึนอยูก่บัผูมี้ส่วนร่วมการวจิยัในป๊ัมน ้ ามนัแตล่ะป๊ัมวา่มีก่ีคน ซ่ึง
ทางผูว้จิยัไดก้ าหนดผูต้อบแบบสอบถามอยา่งนอ้ยป๊ัมละ 4 คน หรืออาจมากกวา่หากเป็นไปได ้

ผูว้จิยัไดท้ าการติดต่อบริษทั ปตท. จ ากดั มหาชน, บริษทั เชฟรอน ประเทศไทย, และ บริษทั เชลล ์ แห่ง
ประเทศไทย เพ่ือขออนุญาตท าการวจิยัในป๊ัมน ้ ามนั ในเครือของบริษทัทั้งสามน้ีเป็นท่ีเรียบร้อย และไดมี้การติดต่อ
ประสานงานกบัผูจ้ดัการป๊ัมน ้ ามนัในแต่ละป๊ัมเป็นท่ีเรียบร้อยเช่นกนั เหลือเพียงแค่การก าหนดวนัท่ีชดัเจนล่วงหนา้
ก่อนท่ีผูว้จิยัจะลงพ้ืนท่ีจริงเท่านั้น 

เหตผุลท่ีไดรั้บเชิญเขา้ร่วมโครงการวจิยั ป๊ัมน ้ ามนัทั้ง 6 แห่งติดถนนใหญ่ ซ่ึงมีการจราจรท่ีหนาแน่น และ
สภาพแวดลอ้มท่ีแตกต่างกนัทั้งในตวัเมืองและชานเมือง มีความแตกต่างกนั ซ่ึงเหมาะสมต่องานวจิยัช้ินน้ี รวมถึง
สะดวกต่อการเขา้ถึง 

การแบ่งกลุ่มผูมี้ส่วนร่วมในการวจิยัน้ีมีสองกลุ่ม กลุ่มแรกคือ กลุ่มท่ีตอ้งถูกประเมินการรับสมัผสัสารเคมีใน
ป๊ัมน ้ ามนั มีจ านวน 12 คน (2 คน/สถานี) ส่วนอีกกลุ่มคือ กลุ่มผูต้อบแบบสอบถาม (รวมถึงคนท่ีอยูใ่นกลุ่มแรกดว้ย) 

ผูด้  าเนินการวจิยัน้ีคือตวัผูว้จิยัเองในการติดต่อขออนุญาตจากบริษทัทั้งสามบริษทั และการติดต่อกบัผูจ้ดัการ
ป๊ัมโดยตรง รวมถึงการลงพ้ืนท่ีจริงทั้งหมด ซ่ึงมีสองหนา้ท่ี หนา้ท่ีแรกคือ ผูว้จิยัจะใชแ้บบสอบถามกบัผูมี้ส่วนร่วมการ
วจิยัในป๊ัมน ้ ามนัทุกคน หนา้ท่ีท่ี สอง คือ การติดตั้งเคร่ืองเก็บตวัอยา่งอากาศกบัร่างกายของผูมี้ส่วนร่วมการวจิยั
โดยตรง รวมถึงการถอดเคร่ืองมือออกหากครบก าหนดเวลา 

ผูว้จิยัจะน าเคร่ืองเก็บตวัอยา่งอากาศซ่ึงสามารถพกติดตวัไปกบัผูมี้ส่วนร่วมการวจิยัได ้ ติดตั้งไปกบัตวัผูมี้
ส่วนร่วมการวจิยั (เหน็บเอว) ตลอด 8 ชัว่โมงการท างาน ซ่ึงก่อนการติดตั้งจะบอกผูมี้ส่วนร่วมการวจิยัเสมอวา่ 
เคร่ืองมือน้ีไม่เป็นอนัตรายแต่อยา่งใด ซ่ึงเคร่ืองมือน้ีจะติดตั้งไวต้ลอดการท างาน 8 ชัว่โมง ของวนันั้นๆ โดยผูว้จิยัจะ
ท าการติดตั้งเคร่ืองมือชนิดน้ีสามคร้ัง (สามวนั) โดยแบ่งเป็นช่วงตน้เดือน กลางเดือน และปลายเดือน อยา่งละ หน่ึงวนั
เพ่ือใหง้านวจิยัน้ีมีความเท่ียงตรงมากข้ึน โดยใชเ้วลา 8 ชัว่โมงต่อคร้ัง  

ก่อนท าการวจิยัในวนันั้นๆ ผูว้จิยัจะติดต่อเจา้ของป๊ัมน ้ ามนัหรือผูดู้แลก่อน วา่ตอ้งใชผู้มี้ส่วนร่วมการวจิยัก่ี
คน มีความปลอดภยัไหม หลงัจากนั้นจะท าการอธิบายใหผู้มี้ส่วนร่วมการวจิยัในป๊ัมน ้ ามนัรับทราบเก่ียวกบัเคร่ืองเก็บ
ตวัอยา่งอากาศท่ีใชใ้นงานวจิยัวา่มีความปลอดภยัไม่มีอนัตรายใดๆ หากผูมี้ส่วนร่วมการวจิยัในป๊ัมน ้ ามนัไม่เช่ือถือบาง
ส่ิงบางอยา่งจากผูว้จิยั ผูว้จิยัจะติดต่อเจา้ของป๊ัมใหม้าช่วยอธิบายร่วมกบัผูว้จิยัโดยตรง เพ่ือความสบายใจของผูร่้วมวจิยั 
 หากเกิดกรณีหรือเหตุสุดวสิยัเก่ียวกบัการมาท างานของผูมี้ส่วนร่วมการวจิยัในป๊ัมน ้ ามนัซ่ึงโดยปกติแลว้
เกณฑก์ารคดัเขา้ของผูมี้ส่วนร่วมการวจิยัท่ีตอ้งติดตั้งเคร่ืองเก็บตวัอยา่งอากาศไวก้บัตวั ควรจะเป็นคนๆเดียวกนัตลอด
งานวจิยั ซ่ึงหากมีเหตจุ าเป็น ผูมี้ส่วนร่วมการวจิยัคนนั้นๆไม่สามารถมาท างานในวนัท่ีผูว้จิยัจะเขา้มาเก็บตวัอยา่ง ทาง
ผูว้จิยัจะหาผูมี้ส่วนร่วมการวจิยัคนอ่ืนท่ีผา่นเกณฑก์ารคดัเขา้จากทางผูว้จิยัอีกคร้ังหน่ึงตามความเหมาะสม 
 งานวจิยัน้ีไม่มีอนัตรายใดๆกบัผูมี้ส่วนร่วมการวจิยัในป๊ัมน ้ ามนั และทางผูว้จิยัไดเ้ตรียมส่ิงตอบแทนส าหรับ
ผูมี้ส่วนร่วมในงานวจิยั คือค่าตอบแทนคนละ 200 บาท  
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 งานวจิยัน้ีจะเป็นประโยชน์ในการวางนโยบายการป้องกนัการรับสมัผสัสารเคมีภายในบริเวณป๊ัมน ้ามนัใน
อนาคต เพ่ือคุณภาพชีวติท่ีดีของคนงานในป๊ัมน ้ ามนั การเขา้ร่วมเป็นกลุ่มประชากรหรือผูมี้ส่วนร่วมในการวจิยัเป็น
โดยสมคัรใจ และสามารถปฏิเสธท่ีจะเขา้ร่วมหรือถอนตวัจากการวจิยัไดทุ้กขณะ โดยไม่ตอ้งใหเ้หตุผลและไม่สูญเสีย
ประโยชน์ท่ีพงึไดรั้บ 

หากท่านมีขอ้สงสยัใหส้อบถามเพ่ิมเติมไดโ้ดยสามารถติดต่อผูว้จิยัไดต้ลอดเวลา และหากผูว้จิยัมีขอ้มูล
เพ่ิมเติมท่ีเป็นประโยชน์หรือโทษเก่ียวกบัการวจิยั ผูว้จิยัจะแจง้ใหท่้านทราบอยา่งรวดเร็ว เพ่ือใหผู้มี้ส่วนร่วมในการ
วจิยัทบทวนวา่ยงัสมคัรใจจะอยูใ่นงานวจิยัต่อไปหรือไม่  
หากท่านไม่ไดรั้บการปฏิบติัตามขอ้มูลดงักล่าวสามารถร้องเรียนไดท่ี้ คณะกรรมการพิจารณาจริยธรรมการวจิยัในคน 
กลุ่มสหสถาบนั ชุดท่ี 1 จุฬาลงกรณ์มหาวทิยาลยั  ชั้น 4  อาคารสถาบนั 2  ซอยจุฬาลงกรณ์ 62  ถนนพญาไท  เขตปทุม
วนั  กรุงเทพฯ  10330 โทรศพัท ์0-2218-8147  โทรสาร 0-2218-8147  E-mail: eccu@chula.ac.th 
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APPENDIX G 

INFORMED CONSENT FORM 

หนังสือแสดงความยนิยอมเข้าร่วมการวจิยั 

ค าแนะน า: โปรดปรับข้อความให้สอดคล้องกบัโครงการวจิยัของท่าน 
ท าท่ี ชั้น 11 อาคารสถาบนั 3 วทิยาลยัวทิยาศาสตร์
สาธารณสุข จุฬาลงกรณ์มหาวทิยาลยั 
วนัท่ี 17 เดือน มกราคม พ.ศ. 2554 

เลขที ่ประชากรตวัอยา่งหรือผูมี้ส่วนร่วมในการวจิยั…................…… 
ขา้พเจา้ ซ่ึงไดล้งนามทา้ยหนงัสือน้ี  ขอแสดงความยนิยอมเขา้ร่วมโครงการวจิยั 

ช่ือโครงการวจิยั การประเมินความเส่ียงทางสุขภาพของคนงานในสถานประกอบการน า้มนัทางการหายใจในกรุงเทพมหานคร 
ประเทศไทย 
ช่ือผูว้จิยั นายสุคท นพรัตนบณัฑิต 
ท่ีอยูท่ี่ติดต่อ 16/1 ถนนสุรวงศ ์แขวงส่ีพระยา เขตบางรัก กรุงเทพมหานคร 10500 
โทรศพัท ์022332353, 0879221711 
 ขา้พเจา้ ได้รับทราบรายละเอียดเก่ียวกบัท่ีมาและวตัถุประสงคใ์นการท าวจิยั รายละเอียดขั้นตอนต่างๆ ท่ี
จะตอ้งปฏิบติัหรือไดรั้บการปฏิบติั ความเส่ียง/อนัตราย และประโยชน์ซ่ึงจะเกิดข้ึนจากการวจิยัเร่ืองน้ี โดยไดอ่้าน
รายละเอียดในเอกสารช้ีแจงผูเ้ขา้ร่วมการวจิยัโดยตลอด และได้รับค าอธิบายจากผูว้จิยั จนเข้าใจเป็นอย่างดแีลว้  
ขา้พเจา้จึงสมคัรใจเขา้ร่วมในโครงการวจิยัน้ี ตามท่ีระบุไวใ้นเอกสารช้ีแจงผูเ้ขา้ร่วมการวจิยั โดยขา้พเจา้ยนิยอม....   

1. ข้าพเจ้ายินยอมตอบแบบสอบถามเพ่ือประเมินความเส่ียงทางสุขภาพของคนงานในสถานประกอบการ
น า้มนั จ านวน 25 ข้อ 

2. ติดเคร่ืองมือท่ีทางผู้ วิจัยได้จัดเตรียมไว้ให้เป็นเวลา 8 ช่ัวโมงต่อคร้ัง เป็นจ านวน สาม วนั (ช่วงต้นเดือน 
1 วนั  กลางเดือน 1 วนั และปลายเดือนอีก 1 วนั) 

ขา้พเจา้มีสิทธิถอนตวัออกจากการวจิยัเม่ือใดก็ไดต้ามความประสงค ์ โดยไม่ต้องแจ้งเหตุผล ซ่ึงการถอนตวั
ออกจากการวจิยันั้น จะไม่มีผลกระทบในทางใดๆ ต่อขา้พเจา้ทั้งส้ิน  

ขา้พเจา้ไดรั้บค ารับรองวา่ ผูว้จิยัจะปฏิบติัต่อขา้พเจา้ตามขอ้มูลท่ีระบุไวใ้นเอกสารช้ีแจงผูเ้ขา้ร่วมการวจิยั 
และขอ้มูลใดๆ ท่ีเก่ียวขอ้งกบัขา้พเจา้ ผูว้จิยัจะเกบ็รักษาเป็นความลบั โดยจะน าเสนอขอ้มูลการวจิยัเป็นภาพรวมเท่านั้น 
ไม่มีขอ้มูลใดในการรายงานท่ีจะน าไปสู่การระบุตวัขา้พเจา้ 
 หากข้าพเจ้าไม่ได้รับการปฏิบัตติรงตามทีไ่ด้ระบุไว้ในเอกสารช้ีแจงผู้เข้าร่วมการวจิยั ขา้พเจา้สามารถ
ร้องเรียนไดท่ี้คณะกรรมการพิจารณาจริยธรรมการวจิยัในคน กลุ่มสหสถาบนั ชุดท่ี 1 จุฬาลงกรณ์มหาวทิยาลยั ชั้น 4  
อาคารสถาบนั 2  ซอยจุฬาลงกรณ์ 62  ถนนพญาไท  เขตปทุมวนั  กรุงเทพฯ  10330  

โทรศพัท ์0-2218-8147  โทรสาร 0-2218-8147  E-mail: eccu@chula.ac.th 
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ขา้พเจา้ไดล้งลายมือช่ือไวเ้ป็นส าคญัต่อหนา้พยาน ทั้งน้ีขา้พเจา้ไดรั้บส าเนาเอกสารช้ีแจงผูเ้ขา้ร่วมการวจิยั  
และส าเนาหนงัสือแสดงความยนิยอมไวแ้ลว้ 

 
ลงช่ือ............................................................. 

(............................................................) 
ผูว้จิยัหลกั 

ลงช่ือ............................................................. 
(............................................................) 

ผูมี้ส่วนร่วมในการวจิยั 
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