ﬂ'li‘lJizlﬁuﬂ’]'lm%ﬂﬁi]'lﬂﬂﬁ%lﬂﬁllﬁﬁﬁ'liﬂ'lgﬂﬂﬁﬁNl'I‘L!‘VINﬂ'liﬂ'lfl%]ﬂ]’ﬂﬁﬂuﬂ'lusluﬁﬂ'm

s lng

~SHIANININYNT. ..
AN S Y

AUmsdnm 2553

a a £ t4 a @
AVANTUDIPWIANNTUUHWIINYIAY



HEALTH RISK ASSESSMENT ASSOCIATED WITH INHALATION EXPOSURE
OF CARBONYL COMPOUNDS TO GASOLINE WORKERS IN BANGKOK,
THAILAND

ﬂuﬂqwﬂﬂswaﬂni
0 m ST R e

College of Public Health Sciences
Chulalongkorn University
Academic Year 2010
Copyright of Chulalongkorn University

53791080053



Thesis Title HEALTH RISK ASSESSMENT ASSOCIATED WITH
INHALATION EXPOSURE OF CARBONYL
ASOLINE WORKERS IN BANGKOK,

By
Field of Study

Thesis Advisor

Acceptedby the of Publ alth Sciences, Chi alongkorn University
in Partial Fulfillmen of th : s ]

Public Health Sciences

ahe chsl

THESIS COMMITTEE . . .

- ‘

— 2 \‘

Li
5

(Associg Prfesor SHUFRORPEREEAIER P )}

%attasit Siriwong, Ph.D.) ¢

UUAANYUIA Y

(Daisy Morknoy, Ph.D.)



qan  uwieuldie:  msdssduanudsmnmsiuduiaasaisueddaniy
vmmsmuﬁlwmﬂmmﬁluﬁnmﬂszﬂaumﬂfwﬁu‘luﬂqamwnmuﬂs UszmeIng
(HEALTH RISK ASSESSMENT ASSOCIATED WITH INHALATION EXPOSURE
OF CARBONYL COMPOUNDS TO GASQLINE WORKERS IN BANGKOK,

a = o a ¢ @ o ‘a o aa 4 £
THALAND) 9. 1USN¥1INHANTHAN: 0.05%uANT A3297, 92 v,

msUsedunuiBo U W M U Fuida 13 DUNs T simudie (nquafueila)
Aun1en1s SuduRan 1t uiblovasanauluaniudsznounisintuly
APIMHUMIUAS UsENe Iy ‘lé’mmumsﬁﬂyﬂumauﬂumwuﬁ 2554 Tavilgaalszaad
flo mamwmﬂsmmmsﬂmJauamU‘lu'cmmﬂswﬂmJmsumuuawﬂswmummmm
mqq‘umw‘umﬂmm‘luﬂmuﬂszﬂwmimwmmu 4 davalszneums fis Tudaiies
$19u 2 frmuﬂsznoumsuawmaﬁm%magz aawilsznounis nagyiimsgquanay
lusoilsgneumsag2 au Namsﬁﬂymui"iﬂumuluntjnffﬁmqswiN 18 #4936 1l
shminindomiaiu s6.7 <81 Alansy $olumiiehinfvee sauanluaonszneums
s ludadleazaitile Wiy 95 g 100087 Tusde s auddy nisuszidus
mssuduianis jududageqauaindansie ufises o5 iWedidudIng wud simsiy
'd"nﬁﬁmsnfcjnms’u0ﬁa°nNm5mu°lwi05uf?m%msﬂdn%mwria"lﬁ'sﬁﬂum%‘q fe
Wosu1a@laninzey Fn1ad lad Driegsendng 1,90 x 10°89 411« 10*Tadnu/ATaniw
Tu daumsﬁa“ﬁyﬂamﬁummﬁmzﬁméﬂ ARNENDINVHAIMARLIOYTEN 19 2 Al
Fudruau §e2  —aulunitawauay dimsuaslunguitlide Tinausse 1Run
Wosunaf 1o oranian 1ad iuaan lan 11asan lan Insh loutanles uazdiafisiad-
1o nunmssududdgasngquariueianianismoleiinieysening 4.88 x 10% 1o 1.16
"luiﬂsn%"u/qnmﬂrﬁumuaw‘hmss:ummaﬁuaTﬂu"la’f’ﬁﬁwﬁﬁq%yé”umw (Hazard Index,
HD wuhipguanaienses W8S uanudssnnmssududamsnguasueianams

A ~ 1 A ] de T
mivle ipanndimawsiitFsunsvvetaunuisoni | (HI<1)

i anmguenans  awile¥enidn _ #lem Mvr;mt?’zwin =
4 o a a a ~
Hnrsdnur 2553 awile¥e 9. NUSnyIInNInuIHAn. 2o

iv



##5379108053: MAJOR PUBLIC HEALTH
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THAILAND.ADVISOR: WATTFTASIT SIRIWONG, Ph.D., 92 pp.

Human risk assessment of volatile organic compounds (carbonyl group) via
inhalation exposure roufe in‘gasoline werkers was studied during February 2011 in
Bangkok, Thailand. The" objectives we;re_“to measure carbonyl concentrations in
gasoline station and/fo asSess héalth n'sk' olf gasoline workers in 4 gasoline stations
located in urban areagand subutb area. iOf each gasoline station, 2 workers were
randomly recruited./The results showed the partunpants age was in the range of 18-36
years old. The average weight (mean + SD) was 56.7 + 8.1 kg. The average working
time of urban and Subutb area was 9.3‘753"3,;1_ 10.0 b/day, respectively. Exposure
assessment of gasoline worker was calculated using reasonable maximum exposure
(RME) at the 95" percentile; the mhalatmn mtake of carcinogenic carbonyl i.e.
formaldehyde and acetaldehyde i workers was in the range of1.90 x 107 to 4.11 x

“ mg/kg/day: Risk characterization-of-cancei-was-ia-the-tange 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 % 107to 1316 /s To assess non“carcinogenichealth effects, the
Hazard Index (HI).was used; the results showed that gasoline workets may not at risk
regarding inhalation exposure of mon-carcinogenic health because the HI was not
gréater than ths,acceptableflevel (HI <1).
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CHAPTER |
INTRODUCTION

1.1  Background and Rationale

In the past, Methyl. Tertiary Butyl Ether (MIFBE) is mixed with gasoline in
order to increase the octane number. However MTBE emits Volatile Organic
Compounds (VOCs), toxies and hitrogen oxide, which affect to air quality (Fontaras
etal., 2010).

In the U.S. later €ongress pgssed legislation that both removed the

reformulated gasoling/and required inereased 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 plac‘é‘ 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 Poliey Act of 2005 (EPA, 2009a). Since 2004,
alternative fuels such as gasohol and biod}@-s;al_lhave been introduced and used in
Thailand (Morknoy, Khummongkot, and Prueakédéit, 2010).

Carbonyl compounds (CCs) whigch 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, atmespheric photochemical
reaction is another important source (Lo 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 . (Béez..et al., 2003). Also
formaldehyde .and acetaldehyde are suspected carcinagen (Yu et al.,2008). Recently,
a working' group, convened by the IARC Monographs Programme concluded that
formaldehyde«is carcinagenic to,humans ang acetaldehyde, issclassified-by JARC as
group 2B, a'passible 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 (Béez et al., 2008). In large



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 t@ carbonyl compounds via inhalation. After
all, such study rarely operates | Bangk : or focused on formaldehyde and
acetaldehyde and othe : _Cs . e.g. Monaldehyde, crotonaldehyde,

o-tolualdehyde,

butyraldehyde, benzaldehyde, - ,‘ e@ldehyde,
hexanaldehyde, an , :

1.2 Research Q
ompounds exposure via

S as iated Wi carbonyl compounds
exposure among Wor; , "', b é : \ Bangkok metropolitan of

~from CCs exposure via
ation pathway. '

(ﬁollne workers ma)@rlsk from CCs exposure via inhalation

@H&fﬂ‘l’l&]ﬂﬁﬂ&ﬂﬂ‘i

Ho: There is no association among health risk @tors and

Q w ’] a(w& mglsg alsgocgin among Elth rlslﬂctors Q symptoms

occurrence in gasoline workers.



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 _socie-demogdraphic characteristics of gasoline workers in
urban and suburb area0f Bangkok metropolitan of Thailand.

2. To evaluate srisk associated with. CCs exposure for gasoline workers in
urban and suburb area of Bangkok metropblitan of Thailand.

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

of gasoline workers.
1.5  Benefit of this study i

The concentration of _carbonyl compa_qn'd’srand gasoline workers exposure
were estimated*Human health risk related to inhalation exposure in gasoline workers
were assessed. g suggested recommendation was mentioned based on the results.
1.6 Operational Definitions

Carbonyl"Compaunds (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).



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 chropie 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, withetincertainty factors génerally applied to reflect limitations of the

data used. Generally used in EPAS non ca@cerfhealth assessments (IRIS, 2011).

Exposure factors refer o exposure time (ET), exposure frequency (EF),
exposure duration (ED), averaging time (AT) earbonyl concentration (C), inhalation
rate (IR) and body weight (BWA). £ 4

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

and services for 4ilting 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 mare 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.



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. lLisespecially important to note that
an HQ exceeding 1 does not necessarily mean that adverse effects will occur (EPA,
2011).

Hazard index (HlI) refers to the sum of hazard quotients (HQs) for substances
that affect the same target organ or orgén"éystem. Because different pollutants can
cause similar adverse hgalih effects, 1t is oTJten. appropriate to .combine HQs associated
with different substances: ERA has drafted -revisions to the national guidelines on
mixtures that support gombining. the effecrtﬂs‘,ot:different substances in specific and
limited ways. Ideally; HQs should be com;bined for pollutants that cause adverse
effects by the same toxic mechanism. Howe\;ér: blez_pause 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-ef the aggregate effect
on the target organ, (i.e., lungs) because some of the substances imight cause irritation
by different, (i.e., non-additive,) mechanisms. As with the HO, 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, cansidering 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



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 St\ \?f;
/ | suburb of Bangkok, Thailand,

In this study, the studg‘babreas are in
in which all gasolmeWe Ioca&d ne and mostly crowded with
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1.8

Conceptual framework

Independent variable

Dependent Variable

Socio-demographic data*
-Gender

-Height

-Age

-Income

-PPE usage

Risk factors

-Gender

-Location of study areas
-Gasoline workersidutyand
responsibility

-Marital status

-Education level

-Workers’ awareness of VOEs
-Workers” Symptom oceurfernce in
the last three-month
-Chronic disease

-Smoking behavior
Exposure factors
-concentration of CCs**
-exposure duration (ED)*
-exposure frequency (EF)*
-exposure time (ET)*
-averagingstime,(AT)
-Body weight (BW)*

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

* Obtained data from face to face questionnaires

** Obtained data from laboratory analysis




CHAPTER II
LITERATURE REVIEW
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Gasoline is thre oL-m.m-.u; e foyhe c@able mixture of paraffins,

olefins, naphthenes, and Maiic WS principal fuel for the

2.1  Gasoline and oxygenated

spark-activated intermal cembus " . the world’s apparent

consumption of gasc er, 2001). Gasoline also
contains a number of additives; those- ommonly ' opose they serve are

shown in table 214  Oxygenates, i d h om s as MTBE, Ethanol,

Agent

tetraethyl/tetramethyl lead ,
e f P B o

ethylene dlchloﬁe/dlbromlde L

Amines , - etergents

Sulfonates

Aminophenols

LRIAR QeI LN R LR

governments of Thailand push forward and promote people to using gasohol
(Ministry of energy 2009, 2010).



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 theshydroxyl radical (OH). Alcohol-OH
reaction rate constants..are presentéd for 33. saturated alcohols including
monofunctional and.difunctional eompounds. Major products are formaldehyde from
methanol, acetaldehyde from .ethanol, acetone from 2-propanol, 2-butanone and
acetaldehyde from 2-butanel and ‘acetone and formaldehyde from t-butyl alcohol
(Grosjean, 1997). :

The reaction of OH with alcohois involves H-atom abstraction from C-H
bonds; H-atom abstraction fram-the O—H"‘"pon'd Is negligible. The alkyl radicals (R)
and a-hydroxyalkyl radicals thus fermed “r'e_act with oxygen. This reaction involves
addition for alkyl radigals (R + 05 —R0,) and H-atom abstraction for a-hydroxyalkyl
radicals (e.g. ethanol + QH — CHgCHOH;"bﬂgCHOH + O; — HO; + CH3CHO).
The reaction sequence ethanol — acetaldﬁlift‘l.é — peroxyacetyl nitrate (PAN,
CH3C(O)OONOy) is described and IS rel_e.\:/ia_rlt'_’tq urban air pollution in Brazil
(Grosjean, 1997). For anothér reference, by .prz)ducts in fuel ethanol compose to
formaldehyde,, -acetaldehyde; furfural, 2-furancarboxaldeyde, A acrolein, benzene,
methanol, ethanolk-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 dy-products of incomplete combustion.
Formaldehyde and acetaldehyde‘are also formed through a secondary process when
other mabile source pollutants undergo chemical reactions in"the atmosphere (EPA,
1994).

2.3  Whatiis 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 rlsk\h\ée\s!',%/

Currently, rlslﬁ-@ prowures@ed into a) risk assessment

for non-cancer toxi

_can er riskasse c) risk assessment for
reproductive and oxi |ty,"«and d) n toxicity risk assessment
(Dalefield, Oehme,

cancer toxic eff

/ ver thls research were assessed for non-

were became to g

The primary def, s was ¢ e EPA for quantitative risk
& o F o -

assessment of non-cancer effiééfs: The pro @s to Identify a safe exposure level

as mg, ppm, pb)—l ,
The risk asgessment process (Flgure 2.1) for non- c!al\cer effects and cancer
effects mcludes the .._fgllowmg 4 stepsﬂjazard identification, dose-response

Duse-Respnnse
Identification Assessment
What health problems 'ZD what are I‘.I'It' health

b | :  problams af different 2
Q Y ¥ J ’ exposuras?
i ‘ Characterization

q What is the extra risk of
health problems in the

Exposure exposed population?
Assessment

How much of theJJoIlutal_'lt
are people exposed to during
a specific time period? How
many people are exposed?

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

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 adverseshealth effect is likely to occur in
humans. In the case of chemical stressors,~thesprocess 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, ‘*teproductive defects, death, or other effects
(EPA, 2010a). ey

Based on this study, the Researcth,r mainly focused on carbonyl compounds
such as formaldehyde and acetaidehyde,écetbne, propionaldehyde, crotonaldehyde,
butyraldehyde, benzaldehyde, isovaleraldehyde, valeraldehyde, o-tolualdehyde,
hexanaldehyde, and 2,5-dimethylbénzaldeh-jkd:'e).J'-

ol of

=
« A

Acetaldehyde o

Acetaldehyde Is a coibrless, liquid aﬁd- fI;mmabIe. 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 thatiagetaldehyde is classified as a suspected

carcinogen.

O
Il

C
HsC T TH
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 classifys@s carcinogenic (Fontaras et al., 2010). The chemical structure

is shown below (Figure2.3) 2 &

ol ol

Figure 2.3 Structure of formaldehyde

Acetone

Acetoné*is a manufactured chemical that is also-fotind naturally in the
environment. It is @ 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 ether ghemicals: It is»also used:-tordissalve other substances. It occurs
naturally in ‘plants, tre€s, volcanic gases, forest fires, and as a. product of the
breakdown of body fat. It is presept in vehicle exhaust, tobacco smoke, and landfill
sites. Industrial processes‘contribute/maore acetone to the environment than natural

processes (ATSDR; 2010b)."The chemical structure issshown below (Figure 2.4).
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Propionalde

Propionam/ v

rubber chemicals, S.

is shown below (Figure 5)

,_,......:;;-"L___k r : 3

== %

)

m Flgure 2.5 Structure of Proplonaldehy@

ﬂ‘lJEI’J‘VlEJﬂﬁWEJ’]ﬂ‘i

Crotonaldehyde

o Wehaiadd| SRUA I B A Yo

‘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 ,ﬂstructure is shown below (Figure 2.6).

E—C

——i

Generally, the che
The chemical structurg

EL‘LL&J’J ‘VIEJV]?WEJ’]ﬂi
anmmﬁm (M) IO 1 003

uch 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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embranes, respiratory
e, lethargy, anorexia,
008). The chemical

Valeral de: t,,
U {

Valeraldehydg has been shown to be a severe irritant to the skin of guinea pigs
and to )ﬁ(ﬁ!hﬁ mﬂm @aﬂpﬁﬂsﬂ%idermle, it has
low sy ic toxicity. The der | sofor guinea pigs and the oral LDsyfor rats and
mice are several grams per kilogll'm of body weight. The LCsowas reported to be

PRISINAMANR IR RE

qhemlcal structure Is show Figure 2.1
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o-TquaIdehy cemay#Cause fre “;-,[, y tra ation. The toxicological
properties of this Sub ance hay 1ot beén fu gated. Aspiration may lead to
pulmonary edemai‘Inhalafi 1 at hig "3_ entra l e central nerve system
(CNS) depression A ation.” For skir \ 0SU nay cause irritation and

dermatitis. Eyes" contaCts /cause. eye irfita I dictionary, 2009). The

Hexanaltmyde
the skin. dt is skin, eye and ry irfita 00 chemical structure

is shown below (Flgure 2.12).

9 mmmm EJWL'JV]EJ’]Q d
H3C/\/\)]\

Figure 2.12 Structure of hexanaldehyde
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2,5-Dimethylbenzaldehyde

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

s , ,)\act (Guide chem, 2011). The chemical
2

,J_

aldehyde

’

2.3.2 Dose-respon ﬁgge@ il
/ adaly £
AN

-

.'. d - F, - . - - -
A dose-response relationship descr e likelihood and severity of

adverse health effects (the J ~Tafate

exposure to an age

to the amount and condition of

ebpage refers to the "dose-

’ ‘A".—E_- P VRS, USSRy —:1 o :
response” rel v!{ i s studies where the

exposure is to & COnce rne concentrations applied in
inhalation expo 1! studies), and the resulting information is referred to as the
"concentration-resp@s&relationship. ThWrm "exposure-response” relationship

specifi e ‘eonditions (EPA; 2010b)."This research were used the RfC values
from many sources to evaluate health risk for gasoliwvorkers, follow taw.z.

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

Compounds Non-cancer Reference Cancer Reference
RfC Source SF Source
(g/m3) (mg/kg/day)™

Formaldehyde 9.8 EPA, 2009b 0.0455 Huang et al.,2010
Acetaldehyde 9 IRIS, 1991 0.0077 Huang et al.,2010
Benzaldehyde 9 EPA;200906 -

Valeraldehyde 420 EPA] 2009b -

Propionaldehyde 8 EPA, 2009b -

Butyraldehyde 15 EPA, 2009b -

2.3.3 Expaosure assessment ,

EPA defines exposure as '‘contact between an agent and the visible exterior of
a person (e.g. skin and'‘©penings intg the bod;}j‘. "I-Exposure assessment is the process of
measuring or estimating the magnitude, frequ';zrrcyz and duration of human exposure to
an agent in the environment,-0r estimating f@tgr}i’-éxposures for an agent that has not
yet been released. An exposure assessment: ing[udes some discussion of the size,
nature, and types of human populations exposéd tb the agent, as well as discussion of
the uncertainties=in the above information. Exposure can besmeasured directly, but
more commonly=is estimated indirectly through consideration of measured
concentrations in-the environment, consideration of models @f 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 “elassified to

garcinogenic compounds, so the exposure assessment for cancer compound is

generally estimated follow the equation 1 (EPA, 2003),
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CAXIR XET xEF XxXED
| = BW XAT oo (1)

Where;

(days/year)

o

a } ~, taldehyde, benzaldehyde,
valeraldehyde, propiona l a ﬁ de aron-carcinogenic compounds.
The exposure assessment for'n ;;";.1 ar e't o) is € ‘timated follow the equation 2

(Yimrungruang et al., 2008);'*"’“_; m :',,-;
Fea s s

1 R S ... )

Where; =S 7
m CA ontaminant Concentrm)n in Air (ug/m?)
Exposw ime (hours/day)

ﬂUH‘Bﬁﬂiﬁ[ﬁﬁﬁfmﬁf’fﬁ

= & Averaging Time (days)

AN @\m‘im UANINYAY

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 wriiten to carry forward the key findings,
assumptions, limitations, and uncertainties. .The set of these individual risk
characterizations provide the Information .basise#'to write an integrative risk
characterization analysis.. Fhe final, overall risk characterization thus consists of the
individual risk charaeterizations pius 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).

Carcinogenicrisk characterizatidn

Cancer Risk
Where; CSF
I

1
@)
%)
T
X

A~
(98]

N

Cance'r-élﬂpe Factor for inhalation (mg/kg/day)™

Inhalati(;)'rnt intake (mg/kg/day)

Non-carcinogenic risk characterization

HQ = I/RIC . .. 4)
Where; HQ = Hazard Quotient
I = Inhalatiensintake (jg/m®)

RfC " = Reference Concentration (jg/m?)

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

HQ <means aceeptable|level

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

effect in this study, follow the equation 5:



Hazard Index (HI)
Where; HI
HQi = Summation of HQ of non-carcinogens in each

I
]
an
2
2

The sum of hazard quotients.

site

HI > 1 means adverse lifetime non=earcinogenic effects of concern
HI < means acceptable le\l(el

Sum of hazard quotients for suf)stances 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 ‘exposurg-_ad (RME) is defined as the highest exposure
that is reasonably expected to occurat a sitéd, It“‘ is likely to approximate the worst-case
scenario and estimates for individual pathwéys.-;The aim of the RME is to estimate a
conservative exposure case that is still wif@ipﬂthe range of possible exposures. The
concentration term in the'intake equation is the a;r!jfghmetic average of concentration. It
is contacted over the exposuré pertod: HoweTie’r; ihis concentration does not indicate
the maximum concentration that could be co'n';téétéd at any one time. It is a reasonable
estimate of the Concentration likely to be contacted over time, In most situations,
long-term contaet 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~willsbe used for thissvariable..If .there is great wvariability.in measured or
modeled concentration values (such as too few samples), the uppergconfidence limit
on the average concentration will be high, and possibly could be above the maximum
detected~or madeled walue:=in these ecases;the maximum detected-or madeled: value
should be 'used to estimatelexposure concentrations (Siriwang,.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 appropriatesflew rate 0.1 (Morknoy et al., 2010;
Viskari, Vartiainen, and *Pasanen, 2000) L/tam were used for air sampling. After
sampling, each specimen.was-t0 be seat back io.laboratory immediately so as to be
extracted using ACNsdSmI(Morkney et al., 2010; BakeasyArgyris, and Siskos, 2003).
Afterwards, the exiraeted selution was Injected, by 25 pike (Morknoy et al., 2010), to
HPLC which combingd U\4Detegtor anclfLHPLC Column.

2.6 Related Ariicles

Zhou et al. (2010) found that person'al exposures for 12 participants as well as
residential indoor/outdoor, workplace and |n “Vehicle VOCs concentrations were
measured simultaneous!y in Tlaﬂjlﬂ Chlna JAH VOCs samples were collected using
passive samplers for 5 days.- And“were analyzed"usmg Thermal Desorption GC-MS
method. U.S. Enwronmental Protect Agencys Inhalatlon Unit Risks were used to
calculate the inhalation cancer health rlsk and assess uncertamty of health risk
estimate. For | Resuﬂs—the—cam:er—rrslranatyms—of—persmm exposure benzene,
chloroform, carbonitetrachloride 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 eumulative carncer risk of personal exposure to'5 VOCSwas approximately 44
per million, followed by indoor exposure’(37 per million) and in vehicle exposure (36
per million).

Majumdar et al. (2008) reparted 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 1.48x10™
and 2.3 indicating the probability of cancer as well as chronic health effect on the
workers exposed.

Durmusoglu et al. (2007) said that,«thisestudy focuses on a health risk
assessment related to.chemical exposure via inhalation for workers in a tire factory.
Specifically, severalwolatile organic compounds (VVOCs) 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 tothe hemicals. Then, a risk assessment methodology was
employed to evaluate the potential advers;e health effects of the chemicals according
to their carcinogenicities. Concentrations‘“! measured near the milling machine and
press in the vulcanization unit was generélly higher than the respective occupational
exposure limit values, The cofresponding estimated cumulative cancer risks for the
carcinogens at the each sampling-point wér‘é higher than the designated acceptable
risk level of 1 x 107, With réspéctto non-car:i;i;n’o’é‘enic risks, the hazard indexes, both
individually and cumulatively, were lower tﬂhalr,n_:th‘e specified level of one. The high
cancer risk estimated in this study suggests thét tF\e VOCs and Semi-VOCs exposure
for workers inithe 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 praeess.

Lee et al. (2002). found that, the assessment of volatile organic compounds
(VOCs)has“become a‘major lissue ofair 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 Xxylenes
(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



24

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 poliutants from vehicle exhausts, there is
a necessity to tighten automobile emission standards#n Hong Kong.

Morknoy et al..(2010) investigated concentration level of carbonyl compounds
in Bangkok ambieni-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 lew congentration. The concentrations of formaldehyde and
acetaldehyde were low during the rainy season due to rain washout since these
compounds are waier soluble. The concehtrations were high during the cold season
due to stable conditions during these months: The concentrations slightly decreased
during the summer dug to photochemical reaction and photolysis under extreme
temperature. -

Ongwandee et al. (2011} said that, t{r conserve energy, office buildings with
air-conditioning systems in Thaitand are opefatejd'--\‘/vith a tight thermal envelope. This
leads to low fresh-air ventilation rates and is;thpUght to be partly responsible for the
sick building syndrome symptoms reported by bc;upants. The objectives of this study
are to measure~concentrations and to determine sources of 13 volatile organic
compounds (VOGs) 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 gubes and analyzed for jindividual VOCs by thermal desorption-
gas chrematography/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 variedssignificantly among the studied
buildings. | The two most dominant VOCs were toluene and ‘limonene~with average
concentrations of 110 and 60.5 pg/m®, 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

ng/m? /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.beth by absolute magnitude of coneentration and by their relative
contribution to maledor fermation such as malodor degree (MD) derived from
empirical formula. litwas: 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 tg odor; formation with an MD value of 3.5 (186
(mean) and 9.8 ppb (median)). The relatjve"intensity of carbonyl emission, when
compared by the sum off MD, showed thel fighest source strength from the food and
beverage (industry sector) and‘scrubber (soui‘t':e"i-Jnit). A comprehensive evaluation of
the carbonyl data from diverse<indusirial fd&Hities thus allowed us to describe the
fundamental patterns of theiremission. £

Seo et al. (2011) reported that purpose Qf:th‘isf study was to characterize spatial
and temporal variations of carbonyl compourids!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 compaunds by the
USEPA TO-14A(DNPH-cartridge/HPLC) method. In general, acetaltdehyde ‘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
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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, dncluding acetaldehyde, are strongly
associated with industrial activities in the GumiCity.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 \alby, Denmark between May to July 1995. The average
concentrations were sobserved tobe 1.2 ppbv (part per billion by volume) for
formaldehyde, 0:8 pphw for acetaldehyde and 1.9 ppbv for acetone. For the set of
carbonyl compounds, coacentrations were:found to be highly correlated, though only
during daytime. The weak correlations 05§er\‘/'ed during nighttime are believed to be
caused by the drysdeposition of especialIuy_formaldehyde. During periods with low
photochemical activity the carbonyl compd'ﬁnaé also correlated with SO, and the
levels of carbonyl compounds were mainly &mtrolled by meteorological parameters.
The highest concentration “levels  were coﬁéiﬂ‘ént with episodes of long-range
transport from central Europe. A pronounced .d:ip:rh’alr profile similar to those observed
for PAN and o0zane during hi'gh-pressure episddeg also Indicated that photochemical
production was a-major controtting factor. Here the highest concentrations of carbonyl
compounds were-ebserved in air masses with the highest photochemical age (PCA)
and a likely souree'was determined to be the oxidation of hydrocarbons during long-
range transport. Especially, the concentration, levels of acetone showed a pronounced
seasonalwvariation 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.
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RESEARCH METHODOLOGY

\ '////éwa' study. All samples and

o is
questionnaire were w ]@on.
32 Study area@nd location ‘ N

3.1  Research design

The research de '

sampling on the first Weekﬁﬂcﬁfia’fvbe}t{g nd thi
sampling site ,%'efuel workers and one

gasoline stati
3.1) -@ g
Table 3.1 Characteristics of the sampling sites (P1, P2, P3, and P4)

ure 5.1 an

Sampling sites =Y - o/ _ Sampling Station

6
(Suburb) 3 Roadside
6

P4 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 outbqu

P3 and P4 were located In suburb?aédg Eazgna -Trad road, Bangna district).

The environment is different from urban aree ‘are less building but there are a

number of road lanes, _’umes-tor mbounti 3 Ianes_far.nui;bound and 4 lanes in middle
of the main road an

‘;EJ

—
1

Figure 3411Environment around the sample sites (P}',,,PZ, P3, and P4)

33 ;lSa-'rn'rTIirrgfén'd anTTllgiSi?s‘| 219NS N &1° | 1D
A|r sampllng were collected by drawmg air using a mini pump (Slbata Slgma30

,;_;_:'jabarim thrTughlthe 4active DNPH|cartridge (Wako Japan)’ ‘fj)llowmg thé- procedures of

U.S.EP.A.'Compendium Method- TO11A (EPA, 1991). Sample

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

were collected forg h in all

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



29

+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 elute
HPLC through an autosampler. Thb\
column 25cm x 4.6mm, 5 unbeeEector. D-20A) was used at wavelength
360 nm. The gradient mahmq‘s's/%% ACN he flow rate was 1 ml/minutes.

| —

(Morknoy et al., 2010).’__,- x

12'0 cartridges. A 25l aliguot was injected to the

as Discovery RP Amide C16 reverse

for measuring the

in dispensing areas
(refueling f|eld).A heir work shift must be covered the ‘B’:iod of this study (in

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

~ft Wﬂﬁ%ﬁi%@%ﬁ i

Exclu5|on crlterla Qs

Q :I!Jn @uel position gasollne workers who %nﬂoﬂrﬂ m@do or are

The pregnant workers were excluded.
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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 o5 percentile of each chemical. For

quantitative statistics, Pearson’s rela as'done. Chi-square test was used for

e arltdre dependent T-Test was used to

compare mean differences between cark ﬁ in 2 areas.

The expe ittee on human rights

ersity with the certified code

B R
AN

related to human e
no. 76/2554.

ﬂUEJ’JVIEJVIﬁWEJ’]ﬂ‘i
QW’]ﬂﬂﬂ‘iﬁumﬂﬂﬂﬁl’]ﬂﬂ



CHAPTER IV
RESULTS

This chapter provides a detailed description of the results obtained from the
sites, both of questionnaire and carbonyls coneentration. The variables are described
as simple percentages, mean, standard deviations, range as appropriateness depends
on the nature of the variables.and propoé-é of each.variable.

4.1  Socio - Demographic character!stics of workers and gasoline stations

environment

In this study, they were 21 particiﬁan_jt_s (13 men and 8 women). All of them
were interviewed fage to face by author. fh_e results showed that the age of male and
female in the study ranged 18-10.36.years ‘;)'l__d, 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 (xSDj} of urbanwéé; was 159.1 + 7.4 centimeters and
suburb area was 163.2 + 5.0-centiimeters; th'e"'hﬁ"eaiﬁ (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 (xSD)
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. baoth.areas, was, 6575+908 baht. For
present. smoking (behavior, there were 4 smoking /workers and A7 non-smoking
workers. In addition, they were not smoking while they were working in gasoline
station because of, the«general=regulationyof each.stations Fory Persopal Rrotective
Equipment (RPE)“using behavior«.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).
h__‘q‘.\" i

Table 4.1 Distribution .\___: ondent ‘, socie=demographic characteristics

Characteristics ~Numbe '(n=21) Percentage (%)

Gender
61.9
38.1
Age (years)

28.6
28.6
4.8

28.6

9.4

Height (Centimmrs)

Ufbgp areas
=3 ange = 150 10172

AULANERIRYING

Range = 157 to 170

A iirIIngnay

Mean £ SD = 160.6+6.8

)




Percentage
Characteristics Number (n=21) (%)
Body Weight (Kilograms) (
Urban areas
Income (Baht)
Present smoKint
» y-
‘ 19
No - 81

" HUEY wmgmmni

Marltal status

QW’]ﬂﬂﬂ‘imﬁﬂﬂﬂﬁl’mﬂ

Married 7

33
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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 ft ification consisted of five levels ranging

rbonyl compounds in this study.
Instrument detection limit(IDL) and atification (1QL) were determined
by injection ten repli , ard solution. The SD was
» IQL. The IDL under this

Mini pum | calibration pump) before
every sampling periog RS rahge of total air flowed
through cartridge 3. ' 0 51.09 : '“ ange of sa ‘Iing time from 460 min

to 514 min. , "
am of he' carbonyl ds from HPLC-UV-VIS and

FF

retention time showed in fig re4:1and table:

q e tnin

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 T3wi81
Benzaldehyde 16.862
Isovaleraldehyde | 17.745
Valegaldehyde 3 & 18.852
o4Tolualdenyde _ 21.837
Hexanaldehyde 25.344
2,5-Dimethylbenza|dehyde 27.834

The retention time of formaldehyde',‘;c;eta_ldehyde, acetone, propionaldehyde,
crotonaldehyde, butyraldehyde, benzaldehy(i:é,-:I's'bvaleraldehyde, valeraldehyde, o-
tolualdehyde, hexanaldehyde and 2,5 dimeth&lb:e_'nzaldehyde were 6.571 min, 7.847
min, 9.365 min, 10.418 min, 12.469 min,'1.3.7781 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 gaseline station according
to gasoline workersand,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 toyquantify 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 pg/m® for the gasoline workers and 19.55 + 10.57 pg/m® for the
roadside; acetaldehyde was 5.88 + 1.94 pg/m? of gasoline workers and 13.96 + 5.26
ng/m? for the roadside; acetone was 20.76 +5.60 pg/m® for the gasoline workers and
19.55 + 11.83 pg/m® for the roadside. The restilts'of P2 (urban) showed that the mean
+ SD of formaldehyde was 14.98 + 4.63 pg/m?foithe gasoline workers and 13.96 +
5.26 pg/m® for the roadside; acetaldehyde was 10.13 # 1.20 ug/m® of gasoline
workers and 8.92 . dedd"[1g/mfor the roadside; acetone:was 15.31 + 4.42 pg/m?® for
the gasoline workerssand 45.22 + 1.96 pg/m® for the roadside. The results of P3
(suburb) showed that.the mean# SD of formaldehyde was 17.68 + 9.14 ug/m? for the
gasoline workers'and 14.70'+ 8.0 ug/m?® for the roadside; acetaldehyde was 9.17 +
2.86 pg/m® of gasoline workérs and 6.88;¢ 4.42 pg/m?® for the roadside; acetone was
25.45 + 17.87 pg/m? for the gasoline Workers and 14.78 + 7.64 ug/m® for the
roadside. The results of P4 (suburb) showéd; that the mean + SD of formaldehyde was
13.80 + 0.95 pg/m® for the gasoline workers and 14.70 + 2.32 pg/m? for the roadside;
acetaldehyde was 12.20 + 0.47 pg/m® of gést';h'*ne workers and 5.32 + 4.10 pg/m® for
the roadside; acetone was 12.54 + 1.66 pg/nifdf the gasoline workers and 10.23 +
3.14 pg/m? for the roadside. For other chemi;a[’_gqnpentrations were showed in table
4.3.



Table 4.3 Concentration of carbonyl compounds (£

and P4)

ollected f@orkers and roadside stationary (P1, P2, P3,

37

Chemical's name

7 et

Urban (P1) ll ‘(i ! l\\k\\!’x b (P3) Suburb (P4)

Gasoline Road as Roadside Gasoline Roadside

Workers /Al, ﬁ ers Workers
Formaldehyde 1423182  1955%105 9§ £63n © 13.96: '- 26 17.68+9.14  1470:80  1380+095  1470%232
Acetaldehyde 588+194  7.63+6 0f3+1. gﬁ' Nt : 9.17 % 2.86 6.88 + 4.42 1220+£047  582+4.10
Acetone 20.76+5.60  11.83+5.37 545+17.87  1478+764 1254166  10.23%314
Propionaldehyde 132+044  1.54+0.8( . Vo ’:‘ 4-' 15014 2.88+2.84 1.38+0.72 1.31 +0.09 1.22 +0.34
Crotonaldehyde 067+£030  1.15+0.61 1 0.71+0.26 0.90 +0.62 <0.52* 0.80+0.14
Butyraldehyde 550262  6.14+284 4.07 +2.96 3.00 +1.32 3.16+1.16 2.60 +0.27
Benzaldehyde <1.16* <1.16* A +009 / <116% 6* <1.16* <1.16* <1.16*
Isovaleraldehyde 1.00£011 186 '-'==:x:....:::_.m=-....‘===.:=.yl <0.94* <0.94* <0.94*
Valeraldehyde 1.40 + 0.54 1.024 0 5: 5 + 1,15 2.50 + 1.88 <0.52* 2.78 +0.80
o-Tolualdehyde <2.64* <2.64E <2.64 <2.6m <2.64* <2.64* <2.64*
Hexanaldehyde 268+136  228+082  210+072  230+082  3.08+162 1.98 +0.87 2.36 +0.34 1.84+0.36
2,5-Dimethylbenzaldehyde <2.84* * ¢ — == <2.84* <2.84* <2.84*

* reported as the limit of detection (LO

v ¢ o v/
RN TUANINGIAE

LE
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4.4  Concentration of carbonyl compounds in each area according to gasoline
workers and roadside.

Considering the average, SD range for urban and suburb using

information from the combination L, F , and P3, P4 (suburb). The results

showed that formaldehyde, acetald e, ‘aflds were mostly found in every

gasoline station bo hurban—and subdl @ on mostly found CCs,
formaldehyde conw .38 pg/m?® for gasoline

workers and 16.76 , f N rb area were 15.64 + 6.52
pg/m?® for gasoline 7 4.70 road5|de Acetaldehyde

{rban afeas’ . : a oline workers and 8.27 +
4.16 pg/m? for th isiced i’ suk y \ 52 pg/m? for gasoline

workers and 6.35 + 3.86 | ncentratlon in urban areas
were 18.04 50 gl ‘ ’ ‘ : + 4.06 pg/m® for the
roadside; in suburb arge re 19.0 : ; 1 Lg \\ oline workers and 12.50 +
5.78 pg/m?® for the roadsi otf concentrations were showed in table

4.4

ﬂ‘UEﬂ’J‘VIEMﬁWEJ’]ﬂi
QW’]@Nﬂ‘iﬂJ UANINYA Y
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oIine workers and roadside in each area

Table 4.4 Concentration of carbonyl compounds (+SC ] |
(urban areas and suburb areas) J , "‘

Urban site Suburb site
Chemical's name ///&h\‘\\\
Gasoline Range ~ e Range Range
Workers l/ ﬂ A & Roadside

Formaldehyde 14.61 + 3.38 7.78-19.81 M8 11.65-35.78 14.70 £ 5.27 8.83-23.82
Acetaldehyde 8.00+2.70 2.46-12.28 8416 » ILB 7 .410.6 . ‘ 2 4.54-13.58 6.35+3.86 1.48-11.54

Acetone 18.04 £ 5.60 9.22-30.45 +4.06 ',-5183- 9.00 10.48-59.99 1250 +5.78 6.65-22.02

Propionaldehyde 1.60 £ 0.50 0.81-2.43 8 + 0.54-—0.74-2 10 08 0.91-8.51 1.30+0.51 0.77-2.18
i ka4 e A .

Crotonaldehyde 0.66 +0.22 0.53-1.30 0.98 £046 =" 0.53-1.8 52 +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 £ 9 3.54- +2.20 0.81-8.73 2.79+0.88 2.01-4.50

Benzaldehyde 1.20 £ 0.07 1.16-1.3  NR IR <1.16* NR

Isovaleraldehyde 1.00+0.10 0.95- -1.32 <0.94 0.94-0.94
Valeraldehyde 1144062  053-209 53352 264+130  1.16-4.64
o-Tolualdehyde <2.64* 2.64-2.64 <2.64 64 | 2.64-2.64 <2.64* 2.64-2.64
Hexanaldehyde 240+108  148-538  228+0.74 148-313 272+118 172616 1914060  1.48-2.99
2,5-Dimethylbenzaldehyde ~ <2.84* NR ¢ s NR O <o NR <2.84* NR

* reported as the limit of detection (LOQ) of
NR not reported because of concentra ion less than LO

Q‘mﬂﬂﬂim UAIINYIAY
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45  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 chemigals.concentration as follow the average
of formaldehyde concentration of dispensing aréa_was 15.18 + 5.11 ug/m® (range of
7.78 - 35.78 ug/m) and roadside was 15172 + 6.60 pg/m’(range of 7.88 - 31.24ug/m°)
; acetaldehyde conceniration of dispensing area was were 9.34 + 2.90pg/m® (range of
2.46 - 13.58 pg/m°) and foadside was 7.81 + 3.95ug/m*® (range of 0.95 - 13.67pug/m®) ;
acetone concentrationsof dispensing area was 18.52 + 10.34pg/m® (range of 9.22 -
59.99ug/m?) andfoadside was 13,02 + 4.80Hg/m3 (range of 5.82 - 22.02ug/md).

For other carbony! goncentragions were shoyved in table 4.5
46  Comparison of garbonyl concentlia_tion in gasoline workers in urban and
suburb area =

el

This result was testéd for normal’ ‘oiét:ﬁbution by Kolmogorov-Smirnov
goodness fit test (two- talled test, ;7<0.05) before usmg t-test. The result showed that
the almost of carbonyl compounds were not statlstlcal significant differences between
gasoline statiOh.workers=working=tn=urban=and=suburb=atea (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 ithe almost of carbonyls compounds swere 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 carb D) (@ng to gasoline workers and roadside in all areas

Chemical's name m “{}\% g Location

solin / 2aNge \’\\ Range
LI
Formaldehyde 118 £5 11 7 ? 15.72 + 6.60 7.88-31.24
Acetaldehyde 9.34 + 2,90 ‘:ﬁa‘ﬁ: | ,.f': 7.31+£3.95 0.95-13.67
Acetone .52 £10:34 "‘"9‘.‘ 0.99 13.02 £ 4.80 5.82-22.02
Propionaldehyde 1.85+ Oﬁ' ’ 1.44 +0.51 0.74-2.32
Crotonaldehyde 0.64 £0.20 i 0.92+£0.42 0.53-1.85
Butyraldehyde 4.42% 24355 047 4.24+2.08 201-9.18
Benzaldehyde 118+ _,r ,L % _: <l.16* NR
Isovaleraldehyde W 0 0.95-1 1.16 +0.30 0.95-1.79
Valeraldehyde &m——:’#‘ 1.40 0.53-4.64
o-Tolualdehyde .64* NR
Hexanaldehyde m.SG +1.12 1.48-6.16 E) +0.67 1.48-3.13
NR

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

*

NR not reported

reported as the lim

ARIAN TN INGINY

Ly

8%
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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 freguency interviewed from gasoline stations
manager, all gasoline stations provided only lsholiday/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 auther caleulaied separately urban and suburb areas. Exposure
frequency was acquired by gaseline stati&n 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 factars wer_e shown in table 4.6

Considering at the mean |eve|, exqi(JJsure 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 statiéps 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 Welght (BW) tn urW’and suburb area were 56.31 + 9.05 kg
and 57.5+6.9 kg, respectively. ‘Inhalation rate was 0.83:m°/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 yearsaBody weight (BW)iin urban and suburb area were 56.31 +
9.05 kg @nd 57.5 +6.9 kg, respectively. Inhalation rate- was 0,83 m*/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) 56181 kg 56:31 kg Questionnaires
Body weight (Suburb) 57450kg ‘~| 57.50 kg Questionnaires

Inhalation rate 0.88 ni°/h ©0.83m%h EPA, (2000c)

F

4.8.1 Carcimogenic riskicharacterization

The carcinogenic fisks on chronic jézgpbsure 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 d}iiuj)_/. intake after that the lifetime cancer
hazard risk is calculated'by cancer risk formqlé;frg)m last chapter. In this calculation,
author calculated at both Ieve'i of-average mﬁ;;n‘d RME. The results in table 4.7 and
4.8 showed the cancer risk’otf:fdrmaldehyde éﬁdz'ac’étaldehyde via inhalation exposure.
For urban area; Cancer risk approximately ranged from 2 wotkers 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, careinogenic risk characterization for
formaldehyde was 3 workers in million for all gasoline.workers; acetaldehyde was 2,3
and 4 warkers in 10 million for P1, P2, P3 and P4 respectively. At the RME level, the
carcinogenic risk was higher than the mean levels, careinogenic risk for farmaldehyde
was 2 workersiin‘one thousand in P1, P2'and P3 while 8 workers in million was found
in P4.
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4.8.2 Non-carcinogenic risk characterization

The results of non-cancer risk characterization in table 4.9 and 4.10 showed
than 1, Kimtim HI was 2.56 x 10 in P2. At the
' st HQ was formaldehyde. HQ
ranged from 1.32 x.. bl > 1. ' 0. (suburb P3). The lowest non-
| ' %107.in P4. At the RME level of
anged from 4.58 x 10

carcinogenic risk v
HQ, the highest risk

valeraldehyde.
At the avegage HI was 3.37 x 10 in P3
while the minimum .' RME eve of HI, The maximum

HI was 2.56 x#10% in" P2 \\ was 1.06 x 107

ﬂ'HEJ’JVIEWIﬁWEJ']ﬂi
QW’]Nﬂ‘iﬁlJ UANINYA Y



Table 4.7 Results of cancer risk characterization'i
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Chemical's
Urban (P2)
name
Arithmetic
Intake Cancer = b - Intake Cancer RME RME Intake Cancer
mean ; - e
(mg/kg/day) Risk 0/ day) 1 \ (mg/kg/day) Risk (ng/m3)  (mg/kg/day) Risk
(Mg/m3)

Formaldehyde 14.23 460x10°  2.09x10° 4.84x10°  2.20x 10® 19.8 411x10*  1.87x10°
Acetaldehyde 5.88 1.90x10°  1.46 x107 3.27x10°  2.52x107 12.28 2.55 x10* 1.96x10°

Table 4.8 Results of cancer risk characterization in
Chemical's

Suburb (P3) Suburb (P4)
name
Arithmetic - eti -
M Intake Cance Intake Cancer RME RME Intake Cancer
ean 1 P i1z -
(mg/kg/day) i ~(pg/m3) (mgrkg/day) =t g/kg/day) Risk (ng/m3)  (mg/kg/day) Risk
(ng/m3) lﬂ

Formaldehyde 17.68 5.75x10°  2.62x10° 3 4.49x10°  2.04x10° 15.3 1.56x10*  7.08x10°
Acetaldehyde 9.17 2.98x10°  2.30x107 13.58 1.38x10 3.97x10°  3.06x107 12.88 1.31x10*  1.01x10°

ﬂ‘lJEJ’JVIE'ﬂ‘ﬁWH']ﬂ‘i
QW’W&Nﬂ‘iﬂJ UAIINYA Y
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Table 4.9 Results of non-carcinogenic risk characterization for urban‘area (P1 and P2)

46

o Location
Chemical's name Urban (P1) Urban (P2)
Avrithmetic Intake RME RME [ntake Arithmetic Intake RME RME Intake HO
mean (ug/m’)  (ug/m°) (Lo/m)e™ (do/m) mean (pg/m®)  (ug/m’) (ug/m?) (ug/m?)
Formaldehyde 14.23 1.30x10T  1.33x10% _16.22 052408 ~02x107 14.98 1.37x107  1.40x102  19.80 1.16 1.19x107T
Acetaldehyde 5.88 5.37x102  5.96x10% 6.16 3.62x 10 «4.02x10° 1013 9.25x102  1.03x102  12.28 7.21x101 8.01x10?
Propionaldehyde 1.32 1.21x10%  1.51x10° .2.08 Yodlo! T 1B8x102 1.90 1.73x102%  2.17x10° 242 1.42x107 1.78x1072
Butyraldehyde 5.50 5.02x10°  3.35x107%¢  7.88 4.63x10" 3.087:10-2_ 4.93 450x10% 3.00x10°  7.82 4.59x10" 3.06x107
Benzaldehyde 1.16 1.06x10°  1.18x10° 116 6,81x10 7.57}103 1.24 1.13x10%  1.26x10°  1.37 8.04x1072 8.94x10°®
Valeraldehyde 1.40 1.28x102  3.04x10° 4 2.22 1.30x10°%4"~3.10%10* 0.88 8.03x10° 1.91x10° 218 1.28x10" 3.05x10™
Hazard Index (HI) 2.53x107? 1910 3.07x107 2.56x107
Table 4.10 Results of non-carcinogenic risk €haractérization for suburb area (P3 and P4)
"Lo_g:'gtion
Chemical's name Suburb (P3) ‘j1 g Suburb (P4)
Arithmetic Intake RME RME Iniake “o . Arithmetic Intake RME RME Intake HO
mean (ug/m®)  (ug/m) (ug/m*)  (ng/m’) mean (ug/m)™ " (ug/m®) (ug/m)  (ug/m?)
Formaldehyde 17.68 1.66x107  1.69 X404 3578 1.05 1.07x10" 13.80 1.30x107  1.32x10?  15.30 4.49x10 4.58x107
Acetaldehyde 9.17 8.61x102  9.57x10 % 1358 3.99x10"  4.43x10? 12.20 1.15x10"  1.27x10° 12.88  3.78x10* 4.20x10
Propionaldehyde 2.88 2.71x10°  3.38x10° 8.51 2.50x10"  3.12x107 1.31 1.23x102  1.54x10°  1.48 4.34x10? 5.42x10°®
Butyraldehyde 4.07 3.82x102%  2.55x10°. 8.72 256x10"  1.71x107 3.16 2.97x102  1.98x10°  4.32 1.27x10" 8.45x10°®
Benzaldehyde 1.16 1.09x102%  1.21x10° 1.16 3.41x10%  3.78x107 1.16 1.09x10%  1.21x10°  1.16 3.41x10° 3.78x10°
Valeraldehyde 1.25 1.17x10° _..2.80x10:° 3.52 1.03x10¢ .. .2.46x10™ 0.52 488x10°  1.16x10°  0.52 1.53x10 3.63x10°
Hazard Index (HI) 3.37x107 2.04x101 3.07x102 1.06x107

or
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4.9  Results of carbonyl compounds correlation

4.9.1 Correlation between formaldehyde acetaldehyde and acetone of

.

The correlatio ' ) these C

total gasoline workers

Idehyde acetaldehyde and
acetone) was calculated fre by all gasoline workers.
The results showed ) / el en each compound (P >
0.05). The direction” of asso bet Nyde and acetaldehyde was

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

between acetone and acétaldehyde as negative. (Sh ble 4.11)

o ,_-l};‘ ‘ ,
Table 4.11 Correlation hetween formaldehyde acet: d acetone of total
gasoline workers P =4

Chemical’s

name

Pearson’s,...
257

- --‘!, '_llq'
Formaldeh%% Coefficient (r)

oy |
-

! Coeffcient (n
;S&(Z-tailed) ﬂ-lg
T N QA ©

Acetaldehyde

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.

Formaldehyde Acetaldehyde  Acetone

Chemical’s name

Pearson’s \
Formaldehyde Coefficient(r)
Sig. (2-tailed) -
Pgarson’s
y 778 1
Acetaldehyde Coeffieient (r)
Sig. (2-tailed) 0.003**
Pearson’s ——
ry -0.095, 0.205 1
Acetone Coefficient(r)
Sig. (2-tailed) 0.769 0.522

** Statistically significant correlation at 0.01 Level

4.10 Assoetation between symptom occurrences of-gasoline workers and

risk factors

Association. between 11 symptom oceurrences. 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’ awateness 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 0f 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,mausea, sore throat irritation, lack
of muscle control and confusion. These.symptoms may.come from CCs via inhalation

exposure, resulting.inworse health of gasoline workers.

The questionnaires were separlated into male and female to find the
associations among symptoms occur between genders. The results showed that more
than 50% of gasoline workers’ symptorﬁ occurrences of this risk factor were
drowsiness, respiratory,tract irritation; fati-éue_,_eye skin Irritation and confusion while
other symptoms which were {ess t‘r'lanu‘ 50% were dizziness, headaches,

unconsciousness, nausea, sore throat irritatio'ri-and lack of muscle control.

i I
ol

Gasoline workers weré asked abqtﬁ; their responsibilities to find the
associations among symptoms obeur betwee;h;,ré’jsﬁonsibilities and duty of gasoline
workers. The results showed that more thqn_-SQ%,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 uncdnsciousness, nausea, sore throat irritation; confusion and lack of

muscle control.

Furthermore, ithe"author asked:gasoline workers about their szaporize of VOCs
in gasaline awareness ‘to find 'the association among symptoms. occur between
knowledge about vaporize of VOEs in gasoline. The results showed that more than
50% ofrgasoline workers *symptoms Occurrencesiof this.risk factor wert dréwsiness,
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+gaseline workers about their chronic disease to find the
association among symptoms  occulr between chronic disease of gasoline workers,
the results showedithat more than 50% of gasoline workers” symptoms occurrence of
this risk factor wergsdrowsiness, dizziness'.,’, eye skin irritation and respiratory tract
irritation while other symptoms which wéfe less than 50% were headaches, fatigue,

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

Gasoline workers had to ahswer abofj:k tiieir smoking behavior too to find the
associations among symptoms-oecuf betwé'éhfgmoking behavior among workers.
The results showed that more-than 50% of gésofiﬁe workers’ symptoms occurrences
of this risk factor were drowsiness, eye skin ‘_ir[i_‘rtation, 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 moreithan50% of gasoline workers’|symptoms«occurrence of this
risk factor were drowsiness, dizziness, ‘eyé skin rritation, headaches, fatigue and
respiratory tract irritation while aother symptoms which were less than 50% were

unconseiousness, nausea, sore throat irritation, eonfusion 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.
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CHAPTER V
DISCUSSION

5.1  Socio — Demographic charac

|

! of workers and gasoline stations
environment

According to t é, more than 50 percent, was
—

male workers who including other works at

dispensing area. Ho le_workers who were most
responsible for ca e ranged 18 - 36 years old
with 24.3 £ 6.4 y measured gasoline
workers in Bangkok n (= SD). All of gasoline
workers were asoline workers were
immigrants from otk 1d.Cambodia in which they
are cheap hired worke | _ , und 6,574 Baht in 2011 as
low as other gasoline : tation i ,“ ’:‘ ear ' in 2009) (Tunsarinkarn et

al., 2011.) Gasoline station einplay _ should increase their salary for the good

quality of life.

The BIM#(Bod ass Index) is a measure of body: fat.based on height and
f"» ment of Health and

0"data from this study. The mean

body weight the k ap

) O
Human Service, 2011). B

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

calculation. The forrfulﬂv Bodywe| ht / Hei ht? eters)] If the result from
BMI iﬁ! n ﬂ these s w uﬂav health risk e.g.

heart diséases, hypertensmn and resplratory disease, as calculated below

ARIANT BN

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.ameng gasoline workers were observed.
The results showed no gaseline workers used.PPE«(stich as the mask) in study sites.
Responsibility of gasoline workers were oil refuel, glass cleaner, place cleaner,
cashier, filling and.eil’s enginechecking and pure water checking. A one worker had
more than one responsibility in.gasoline station. Attitude of health status of gasoline
workers were found. Fhey 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 custamersgPeriod time worjdng In gasoline station around 1 month to
10 years and duratiop time about Workin‘g hours per day was 8 hours to 12 hours.
Health care consume were gbserved. Whén_ gasoline workers get some disease, they
go to nearby hospital and always used health ¢are insurance. Source of healthcare
information, gasoline warkers get health 'cére information by television, handbill,
newspaper and radio. For other problems about J:"heir health, ergonomic complained
about refuel stalk from some gaseline Work_efr,s_.: 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_workersfrom_suburb. Questionnaires were used for observing the
association between gasoling workers? symptom occtirtenceé 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 eccurrence 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 formaldehydé is released 1n the background (Huang et al.,
2011). However formaldehyde ean be easily diluted in the high layer of atmosphere
(Bono et al., 2010): This study was measurement carbonyl eempounds on the ground
of the gas statioms'whigh the: source “ of VOCs in gasoline station can vapor
formaldehyde and acgtaldehyde from fuels containing methanol or ethanol (Morknoy
et al., 2010). Compare with ingestion anﬂ de_rmal absorption, inhalation is a major
pathway for intake 0 VOCs hy human (Hljané etal., 2011).

At the roadside areas, fbrrhaldehydé and acetaldehyde in Bangkok have high
concentrations as high traffic volumes (Mo‘f‘knoy et al., 2010). Unfortunately, this
study did not measure for traffic volume whiE élﬁing alr sampling measurement. For
other studies, in metropolitan. areas, form-ald:éhyde is always the predominant
aldehyde emitted by automobiles (Corréa et a.I., -2003). Majumdar et al. (2008) said
that percentage -source contributions of WVOCS 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.

Py (urban) site “in«this«Study,thé Concentration of formaldehydsyat roadside
was the highest site of this study. Baez 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 (Baez 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 pg/m®: Cerén et al. (2007) reported propionaldehyde is emitted
from vehicles while _this study did not find propionaldehyde. Baez et al. (2003)
reported that butyraldehyde has been detected in exhaust emissions from diesel
engines; this study. feund ihat butyraldehyde is the fourth found concentration. It
could be assumed that butyraldehyde was released from diesel vehicles in gasoline
station and/or from vehi€les.onroad.

5.4  Concentration of garbonyl compound compare to other studies

Formaldehyde and acetaldehyde coneentration differed from other studies due
to sampling approach, timeframe, sampling":place, environment depended on study
objective. In this study, formaldehyde and :"acéth'ldehyde concentration in roadside
stationary were higher than-other studies, bnguSe the chosen roadsides-Sukhumvit
road and Bangna-Trad road — have high traffié cangestion that"most cars are unwell-
conditioned witheut installing catalytic converters which VOECs emitted more VOCs
(Morknoy et al., 2010) (see Table 5.1)

5.5  Carcinogeni¢ and non-carcinogenigyrisk characterization

According to carcinogenic risk ‘characterization Calculation, at mean and RME
level, carcinogenic risk of gasoline workers rangee.2 workers in 10 million to 2
workers in one thousand which were slightly different for each.gasolinesstation 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, ballrcome«andsoffice (Weng et al., 2009). The
author suggests that these areas be partof further researches.

56  Carbonyl compounds correlation
“

At roadside stationagy monitoring:found significantly high positive correlation
at roadside (r=0.778) (P<0.01) between foinmaldehyde and acetaldehyde. Because the
major source of formaldehyde and acetéjdehyde was the product of incompleted
combustion of old engine without instal|in§1>catalytic converter (morknoy et al., 2010),
causing air pollution in traffic‘-congestéd"" roadside. Therefore, without proper
protection, people living ¢lose te roadside ahé gasoline station may have a higher risk
from CCs exposure. However,-the-health rislidéﬁénds on other factors as well, such

as concentration level, expostire 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 (Funsaringkarn et al.,
2011). It was similaritosesult from this studyz Fhe 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, shéuld provide more holidays to

gasoline workers'in order to reduce the exposure period.
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Location Formaldehyde ﬂ jf de @ !\\k\ Environment  Reference

Range Mean + T)flm \ & "*-.. Mean + SD
Xalapa, Mexico 6.0-38 22.0 49 324 \ \ 14.0£7.0 Urban Béez. et al. (2003)
Athens, Greece 0.05-33.3 10. 5.6 2072 128 3 i ; 6.5+18.3 Urban Bakeas et al. (2003)
Schauinsland, Germany  0.5-2.8 1.2 ( 6" \ 6.2 Rural Slemr et al. (1996)
Rio de Janeiro, Brazil 6.8-34.6 10.8+£4.1 20. ﬂ‘ ‘ 4.1 Industrial/Urban  Grosjean et al. (2002)
Séo Paulo, Brazil 4.0-27.7 10.7 NR Industrial/Urban  Miguel et al. (1995)
CachaPregos, Brazil 0.24-3.1 15 NR Rural de Andrade et al. (1998)
Kuopio, Finland 1.3-2.8 NR NR Highway Viskari et al. (2000)
Fortaleza, Brazil 0.9-5.1 28+18 0.1-9.0 84146 Suburb Cavalcante et al. (2006)
Bangkok, Thailand 5.14-17.2 NR Roadside (Morknoy et al. 2010)

Bangkok, Thailand 7.88-31.24 16.76 38 3.53+4.06 Urbanroadside  This study
Bangkok, Thailand 8.83-23.82 4 70%5:2 18 3! irr ,‘ 2.50+5.78 Suburb roadside  This study

Adopt from Cavalcante et al., 2006. N ot m
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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 statior-;ary and gasoline workers working in gasoline
station. Questionnaires were used to collect the socio-demographic and symptoms
occur among gasoline werkers. 6 chemiclal substances were assessed for carcinogenic
and non-carcinogenic effgct.

1. The results;showed the participénfé age was in the range of 18-36 years old.
The average weight (mean + SD) was 56.7 + 8.1 ko.

2. PPE using in gasoline station s,i‘h_‘ouuid be used in gasoline station because
several of duty in gasoline station.can add niQ_re exposure to gasoline workers.

3. Exposure assessment of gasoline‘“v\mrker was calculated using reasonable
maximum exposure (RME) .at the 95 percpptlle the inhalation intake of
carcinogenic carbonyl i.e. formaldehyde and:acetaldehyde in workers was in the
range of 1.90 x 10 to 4.41 * 10" mg/kg/day.-Fhsk Characterization for cancer was
in the range of:22workers in 10 million to- 2 -workers-in-one-hundred thousand. For
non-carcinogenig’ . 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 x 107 to 1.16 pg/m®. To
assess non-carcinogenic-health. effects, the Hazard Index (HI) was used; the results
showed that gasoline werkers may nat be at risk'via inhalation exposure of non-
carcinogenic health because the HI was not greater than the acceptable level (HI <
1),

4. High pesitive 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.



59

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 th 'R : ' sure (EPA, 2010e). Although,

we may not reduce the Xposure by encouraging the

gasoline workers to gi g on| 3 ring personal protective
equipment (PPE) such assappr 2S mask, ﬁ anad. .goggles while working at

the gasoline stations.

6.3  Limitation/of"

At first, thi ‘ \: ation samples but due to

technical difficulties tha some ine stations did not allowed to collect the
samples and canceled to -of this stu d sause they worried about the safety of
gasoline station. So the number of gasoline

questionnaire were reduced.. : 1- .:':5 ___,',

1 samples, personal collection, and
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ARIANTN NI INAE

APPENDIX A
SCHEDULE OF STUDY
Time
Project procedure Tam Dec [ Jan | Feb [ Mar | Apr | May
— 0 10 0 |11 |11 |1 11 11
1. Literature review:
and write  Thesi
proposals \ b
2. Proposal exam an - |
contact with gas -9, 418
station companies AR =
3. Ethic consideration - ﬂ; :
from Chulalongko . #‘:':'- R
University (CPHS) ’ J;;
4. Research tool (Set- —=
up and Pre-test) L —f-' S >
6. Data collection M) v < >
8. Data analysi < >
9. Discussion
writing Q ' ) >
10.Thesis defense and R
public to journal ¢ e g
— A UHIN 9
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APPENDIX B

ESTIMAITED BUDGET

Laboratory and Aix '/ ” 100,000 Baht
Document and QUgstionnair - 5,000 Baht
Transportatiop - | ... 5000Baht
Worker’s incengive o : ! 5,000 Baht
Others SO0 150008t

. Total 130,000 Baht
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AR TUNNINGAY
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APPENDIX C

QUESTIONNAIRES

Suburb (B)
Example 4 F

___which this

. . . TR - .
questionnaire approved 1 omi%l'_ ami nmittee already on January

o Jﬁ"f—-“‘ a7 >

Part I: General:Info ‘ < the )

1. Gender [

2. Body Weigh centimeters
3. Age

4. Education level _‘- =

5. Inco ‘ : EJ f] ﬂ
6. Smoking beF ‘ “an ﬂ:ﬂ jc,es/day
7. Marital status __married _single. /7 o
3 w:mﬂﬁfwﬁ MR g
e 0212 / +
9. Your hobbit? Please define... ‘ s (1)] 12 y:?f?. 22{??;
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 1
11.2
12. What your responsibilit
12.1
12.2
Part I1: Usability of ¥
13.  __ Use (Nor )
__Use (ReliablgiMas
__Not use '

Part 111: General Infi

14. The number of units

15. The number of min units

Part IV: Attitude for health status i ..r. st
+ = o,

16. Do you know about ola i...es mm ine, it harmful for health?

__Know _ Do jﬁfff ) _- W please

define - , |
R - = |‘ |
Which ' ;{::::::?::::?:?::'""""‘—‘“:" | ,"‘&#' _dermal
17. Did you haveg ¢ 0b?-Please define

Part V: Inhalation ‘kﬁu re data

“mﬁﬁﬂ?ﬁﬁﬁﬁWﬂlﬂi

¢ nTlmeslweek ./
RN 3N e kd
] . ‘r
9. Duration of refuel the gasoline
20. How long you work months or days/year

minutes/time

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, plea;
22.3 Health care center, plea
22.4 Private clini
22.5 Other,

23. What your Ins

24. Which ways you.gi ] mation | e?

25. Did you get sym s whigh s| lov

Symptoms : e

Drowsiness

dizziness

headaches

Eye, skin irritation

Respiratory tract irritatio

Unconsciousness

Fatigue goomsien "
N
Nausea 3
Sore throat
irritation 'm o |
[ renfili Wo . .':/‘1:115.‘......

Lack of “muscle
'f =

Tviniural .. ‘ .a 2 nﬂ 2554 .........
. Twmamang . ...0 1 w‘ﬂ 2553.

173

***Thanks for your cooperate and interest for answers***

g e

coordinati 0 n
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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

p-value

Formaldehyde™ 0.598
Acetaldehyde™ 0.020*
Acetone” 0.826
Propionaldehyde™ 0.435
Crotonaldehyde 0.609
Butyraldehyde™ 0.108
Benzaldehyde 0.083
Isovaleraldehyde 0.761
Valeraldehyde™ 0.428
Hexanaldehyde™ 0.485
B. Comparison of among carbony! ---;-‘ 1 level o roadside in urban areas and
carbonyl concentratio oF foadside i

Chemical's name

‘ p-value

Formaldehyde**f | | 0.613

Acetaldehyde™ 0.830 0.426

Aceto 0.730

FJ HLINENTNYINT o=

Croton4ld ehyde 0. 5 0 0.574

awﬁmmmummmﬁ@
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 " P-value
(Fisher’s Exact

test)

Drowsiness 0.618

Yes (%)

No (%)

Dizziness 1.000

Yes (%)

No (%)

Headaches 1.000

Yes (%)

No (%)

Eye Skin throat 0.100

irritation

Yes (%)

No (%) e

Respiratory tract = 0.646

Yes (%) 9(69 ,)a"’EE

No (%) 4(30.8) “=—A(50.0)=

Unconsciousness - ._,,-' J #n’ 0.1000
Yes (%) w

No (%) e -
Fatigue Y 0631
Yes (%) — -

No (%) e T

Nausea - 0010 =  0.100
Yes (%) 2(25.0) 'y

6(75.0)

No (%) 11 8(61.5) 45(52 5)

Winemsnm TN ay

No (%) 5(38.5) 5(62.5)




B. Association between symptoms occurrence and education levels

Symptoms Primary  Secondary e P-value

(Fisher’s
Exact test)

Drowsiness 1.000
Yes (%)

No (%)

Dizziness 0.396
Yes (%)

No (%)

Headaches 0.670
Yes (%)

No (%)

Eye Skin throat irritation : 1.000
Yes (%)
No (%)

Respiratory tract irritation o deer n , 0.673
Yes (%) ; P (03
No (%)

1.000

Unconsciousness
Yes (%)
No (%)
Fatigue
Yes (%)
No (%)

0.178

Nausea 0.119
Yes (%)
No (%)

Sore throat 2@6 0.203

Yes (%) o 3 (25 0) ﬂss 6)
No (%) = :

Lack of mus
Yes (%)

e 8975 el ke T
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C. Association between symptoms occurrence and gender

2

Symptoms Male  Female ‘ P-value

(Fisher’s
Exact test)

Drowsiness ' 0.131

Yes (%) _ 8 (1

No (%) 08) | 0(0.0)w

Dizziness : 0.367

Yes (%) ,, 52 6 (15 ~

No (%)

Headaches // &\\\ 0.659
Yes (%)
No (%) "ﬁ\

Eye Skin throat irritation 1.000
Yes (%) 6°
No (%)

Respiratory tract irritation : - 0.002 1.000
Yes (%) ) 2.
No (%)

1.000

Unconsciousness
Yes (%)
No (%)

Fatigue
Yes (%) ,

0.631

Nausea r 0.606
Yes (%)

No (%)

0.00@ 1.000

Sore throat
Yes (%) ¢ ,ﬁ, 5 (38 5) 3 (37.5)
No (%) s (62.2
Lack of muscle
Yes (%) q

No (%) 9 (69 2)‘ 4 (50. 0)

W AN e e TH &

80
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D. Association between symptoms occurrence and gasoline workers’ responsibility

Symptoms Only Multi e

ponsibility

P-value
(Fisher’s
Exact test)

Drowsiness
Yes (%)
No (%)

1.000

Dizziness
Yes (%)
No (%)

1.000

Headaches
Yes (%)
No (%)

1.000

Eye Skin throat irritation
Yes (%)
No (%)

1.000

Respiratory tract irritation
Yes (%)
No (%)

1.000

Unconsciousness
Yes (%)
No (%)

1.000

Fatigue
Yes (%)
No (%) e e K 2 . .k B e

0.631

Nausea Y 0.010

1.000

Yes (%) - -

No (%) B O .U 10(76.9) ‘m
Sore throat ) 0.777
Yes (%) ¢ e 4(50.0) 14.(30.8)

No (%) ) Iﬁ"\"{'

0.646

Lack of muscl I 4012

Yes (%) g (38.5)
No (%) 5 (62.5) 8 (61.5)._

1.000

W mnmumgﬂm

N




E. Association between symptoms occurrence and workers’ awareness of VOCs
2

Symptoms Don’t Know " P-value

(Fisher’s
Exact test)

Drowsiness 0.228

Yes (%)

No (%)

Dizziness 1.000

Yes (%)

No (%)

Headaches 0.635

Yes (%)

No (%)

Eye Skin throat irritation 1.000

Yes (%)

No (%) e

Respiratory tract irritation : : . ‘ 0.656

Yes (%) 3 (607 10 (6

No (%)

Unconsciousness 1.000

Yes (%)

No (%)

Fatigue 0.598

Yes (%) ,

No (%) e —— 18— 42 5 S

Nausea M. 0.553

Yes (%)

No (%) - 51 Q

Sore throat 0.0 1.000

Yes (%) ¢ o 2 (40 0) 6@ 5)

No (%)
Lack of mus
Yes (%)

ﬁ%ﬁaﬂnﬁéﬁiuﬁmmﬁ T
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F. Association between symptoms occurrence and workers’ symptom occurrence in

the last three month

Symptoms P-value

(Fisher’s
Exact test)

Drowsiness 0.574

Yes (%)

No (%)

Dizziness 0.397

No 66) //A'%N

No (%)

Headaches .095 1.000

Yes (%)

No (%) ql%l.

Eye Skin throat irritatig
Yes (%)

| %\ 0107  1.000

No (%)

Respiratory tract irritati £ \) . 6.462 0.018*
Yes (%) *74(100.0)

No (%) 0)

Unconsciousness - 2.100 0.333
Yes (%) e J L2

No (%) 47(1000) 6

Fatigue - ;_‘, 000 1.000
Yes (%) 10 (718 5

No (%)

Nausea 0.624
Yes (%) 4 (28.6) 1(14.3)

No (%) 10 (71.4) 6 (85 7

Sore thro 0.174
0 1) D i) ) 1715

No (%)

Lack of mUsc 0.101 1. 000

Yes (%) 5 (£ 7) 3 (429

Yes (%) ‘ 8 (57.) 3 (42.9)
No (%) 6 (42.8) 4 (57.1)

* Statistically significant association at 0.05 Level.
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G. Association between symptoms occurrence and chronic disease

Symptoms Not have Have P-value

\i l ronic (Fisher’s
"‘ﬁ"" S Exact test)

Drowsiness ‘—).520 1.000
Yes (%) f 1))} q, 'lu 0
No (%)

Dizziness //7! ‘\\ 0.486
Yes (%) 100
No (%) g t\\

Eye Skin throat irritatig 76 1.000
Yes (%)

W7\ -
i S\

No (%)

L 180.0) '
Respiratory tract irritati A \ - 0.133 1.000
Yes (%) 2(63.2) X 0.0)

== )

No (%)

]

0.111 1.000

Unconsciousness
Yes (%)
No (%)

Fatigue | 3500
YeS (%) | I,—, ———————

No (%)

Nausea 1.000

Yes (%) 5 (26.3) 0(0.0)

No (%) " 14 (73.7) 31100 .0)
Sore thro

ol U e Iy T

Lack of m 1.360 0.505
Yes (%) 8 (4211) 0 (0.0) & Q/

Yes (%) 10(526)  1(500)
No (%) 9(47.4)  1(50.0)




H. Association between symptoms occurrence and smoking behavior

Symptoms g

Never

Smoke "

P-value
(Fisher’s
Exact test)

Drowsiness
Yes (%)
No (%)

1.000

Dizziness
Yes (%)
No (%)

0.104

Headaches
Yes (%)
No (%)

0.586

Eye Skin throat irritation
Yes (%)
No (%)

1.000

Respiratory tract irritation
Yes (%)

No (%)

1.000

Unconsciousness
Yes (%)
No (%)

0.190

Fatigue
Yes (%)
No (%)

0.544

Nausea
Yes (%)
No (%)

1.000

Sore throat
Yes (%)

No (%) /=
Lack of mus
Yes (%)

No (%) 10 (58.8)

3 (75

1.000

W ﬂﬂﬂi%@%ﬂﬂﬁ’]

N
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I. Association between symptoms occurrence and marital status

Symptoms 2

Single

Married "

P-value
(Fisher’s
Exact test)

Drowsiness
Yes (%)
No (%)

1.000

Dizziness
Yes (%)
No (%)

1.000

Headaches

A% ;
Yes (%)

1.000

Eye Skin throat irritation
Yes (%)
No (%)

/,/::_z\i..i‘\i
1570\

1.000

Respiratory tract irritation
Yes (%)

No (%)

0.174

Unconsciousness
Yes (%)
No (%)

1.000

Fatigue
Yes (%)

No (%) b — E:ﬁ!‘; ;i:i_‘

0.354

Nausea 281

Yes (%)
No (%)

0.123

00.0) @
2.524

UM 3)

Sore throat
Yes (%)
No (%) /=
Lack of mus
Yes (%)
No (%)

7@0@

6@5n

7 (50.0)

0.174

W AN el ) 187

hil
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APPENDIX F
PATIENT/ PARTICIPANT INFORMATION SHEET
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