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CHAPTER 1

INTRODUCTION

1.1 General background

Air pollution is one of the mest abyious and important environmental
problems in many cities of the world mpﬁ{;jaﬂy the Bangkok Metropolitan
Area. Urbanization and rapid deverﬁpmenl of Bangkok have resulted in a
great demand for an effgetive trnnapbnation system and traffic. However, an
inadequate road infrastructure and tAe lack of a mass transitl system have

i 9
y

intensified this problem, 4
)4
4
The lack of potanlml road lnfmstrm:Mra and well-serviced mass transit
system encourages people to travel by tﬁ#ﬁhawn private vehicles. In 1998, the

.,,JJ

total number of vehicles reglslaﬁd in E{ Bangkok Metropolitan Area was
more than 3.8 million.while the road spacjar as ; share 6f total area in Bangkok
is only 11%, which :is_ éuftiétant}dl lower than ifril'a_rna't"’lgnal standard of between
20% to 25%. (Ramment, 1999) The number of vehicles has exceeded the
road capacily for years. Then, thé more transp6rt increases, the more fuel is
burned, and it leads to ‘a higher level of exhaust emission released into the
atmospheare., Thus—a majer-air-pollution source s, the rapidly,increasing

number of vehicles travelling on the streets, which are too limited 1o facilitate

them all.

in addition to their possible deleterious effects on human health, motor
vehicles emissions have been associated with serious environmental problems

such as photochemical smog. Motor vehicle especially motorcycle emit



various types of air pollutants such as carbon monoxide, hydrocarbons,
nitrogen oxides, sulfur dioxide and particulate matter. Traditionally, the
measurements of mobile source emission were limited to total hydrocarbons

(THC), carbon monoxide (CO), and oxides of nitrogen (NO,).

At present, the Government of Thailand has banned leaded gasoline
and substituted unleaded. Unleaded gasoline uses aromatic compounds to
increase the octane number. These aromatic compounds mainly comprised
benzene, toluene, xylene and ethyl benzene. These pollutants worsen the air

in Bangkok and adversely affect human health.(Lervisansak,1996)

In Bangkok, motorcycles are a major source of air pollution because of
where traffic is congested, this type of vehicle is extensively used due to its
low cost and very convenience. There were approximately 6,190,310
motorcycles in Thailand at the end of 1992, of which 1,048,654 (17 %) are
used in Bangkok. (Apinhapath, 1994)

There are several factors which affect the concentration of exhaust
emissions such as type of vehicle, state of the motor, the quality of the fuel and
lubricating oil, the load of the vehicle, the number of kilometers driven per year
per vehicle, and speed of travel. However, air pollution from traffic emissions
in any community depends principally on the character of the traffic, street
configuration and orientation, land use activities, and the ability of the
atmosphere to disperse the pollutant. The effect of car emission in various
traffic situations to ambient air leads to air quality management related to

emission from passenger vehicles,



1.2 Objectives

The specific objectives of this study are as follows :
1. To determine the concentration of Benzene Toluene and Xylene ( as Total

Xylene) in motorcycle emissions and in gasoline that motorcycle used.

2. To compare the concentration of Benzene Toluene and Xylene ( as Total

Xylene) in motorcycle emissions in different age of engine.

3. To compare the concentration of Benzene Toluene and Xylene { as
Jotal Xylene) in motorcycle emissions in 2 different types of engine

( 2 stroke and 4-stroke engine)

1.3 Scope of the study

In this study focuses on 2 and 4-stroke engines motorcycles emissions
and only the major pollutants of Benzene, Toluene, and Xylene (as Total Xylene)
were evaluated. The motorcycles sample were classified into 3 categories new,
moderate and old motorcycles based on the age of engine each are

considered as below:

New age engine of motorcycles are less than 5 years old. (< 6 years)
Moderate age engine of motorcycles are in range of 5 to 10 years old.
(5 — 10 years)

Old age engine of motorcycles are more than 10 years old. (> 10 years)

And alf emission sampies were collected at idie mode condition only.



CHAPTER 2

LITERATURE REVIEW

2.1 General Information about motorcycles in Thailand

The number of vehicles registered in Bangkok Metropolitan Area (BMA)
had more than 3.8 miilion in 1998. There are many types of vehicle such as
passenger car, motorcycles, truck, buses, taxis and three-wheelers (tuk-tuk).
These different vehicle groups cause different air pollution problems. While
gasoline vehicles produce carbon monoxide, diesel vehicle produce black
smoke and oxides of nitrogen, and two stroke engines (motorcycles) produce
white smoke and hydrocarbons (Boontherawara et al., 1994). Lead is emitted
from vehicles using leaded gasoline but unleaded gasoline vehicles emitted
Volatile Organic Compounds (VOCs) instead of lead. (Lertvisansak, 1996;

Siriroughudomporn, 1997; Rammnot, 1999)

Observations of high ambient air lead concentrations in Bangkok during
1989 to 1991 triggered The Royal Thai Government to start phasing out lead in
gasoline. An aggressive lead phase-out program was then planned and
introduced in 1989 with the initial reduction of lead content in the gasoline from
0.45 gm/liter at the end of 1989 and plan for further reduction to 0.15 gm/liter
by September 1993. Finally, lead was completely eliminated from regular
gasoline in the middle of 1994 and from premium gasoline on January 1 of

1996. (Wangwongwattana, 1998)

The levels of traffic exceed the capacity of the road system in Bangkok

city with have only 112 main road with total length of 524 km and 4,280 smaller
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roads. It is estimated that the road occupies just only 9% of the city area with
very low compared to 22% in London and 24% in New York. As a consequence,
maijor traffic arteries are normally congested. The cars travel at average speed
of less than 7 km/h in the business area in Bangkok, and travel at an average
speed of less than 20 km/h in other areas. Slow speed, frequency stops,
deceleration and acceleration result in greater incidence of incomplete
combustion that cause higher emission of camon monoxide, hydrocarbon, and

particulate matter (Apinhapath, 1994).

The number of motorcycies in Bangkok increase sharply as a result of
traffic congestion whereby people switch to motorcycles in order to go around
the cily faster. Motorcycles are currently being used as public taxis for carrying
passengers in and delivering messages.  The density of motorcycles in
Bangkok is not only higher than other areas on the world, it generally is much
greater than the 4-wheel vehicle population. Many of these vehicles are
powered by very design two-stroke motorcycles (which have been largely
phased out in most other areas on the world) which emitted as much as 10
times more hydrocarbons and smoke emission per kilometer driven than do

four-stroke motorcycles and even cars.

2.2 Type of engine

Reciprocating internal combustion engines operale on either the 4
stroke or the 2-stroke cycle. The 4-stroke cycle engine is the most commanly
used for automotive purposes especially in road vehicles. The 2-stroke engine
is sometimes used in small passenger cars, motorcycles, and as outboard

marine engines. In the 4-stroke cycle engine as well as the 2-stroke cycle



engine the follwing 4 processes take place during the cycle of operation
(Patterson, cited in Midpanaon, 19995) :

1. Charging the cylinder with a fresh charge. This charge is composed
of a mixture of fuel and air in the gasoline engine and air only in the diesel
engine.

2. Compressing of this charge to a temperature suitable for the proper
combustion process which usually starts before the maximum compression
pressure is reached. In the gasoline engine the combustion process start by
ignition from a spark plug. The pressure of combustion results in a substantial
increase into the gas temperature and pressure.

3. Expansion of the high pressure gas.

4. Discharging the exhaust gas.

2.2.1 Four stroke cycle engine

The principle of the 4 stroke cycle engine is illustrated in figure 2.1.

In order to simplify the cycle of operations the valves will' be considered
in opening and closing of the top or bottom of the piston stroke, although in

practice there is a deviation from this assumption

LInduction stroke.

As the pistan starts to move downwards from the top dead center (t.d.c),
the inlet valve opens and the displacing piston causes a partial vacuum hence,
drawing in a mixture of air and petrol through the inlet port into the cylinder.

2.Compression stroke.

At the bottom dead center (b.d.c), the inlet valve closes and sealing the
cylinder, as the piston start to rise thus, compresses the mixture by the

predetermined amount.



When the piston is near the t.d.c position, with both valves being closed,
the compressed gas is ignited by bridging the spark plug electrodes. This
ignites the charge with causes a rise in temperature and subsequent rise in
pressure. The piton is being force down the cylinder by burning expanding
gas.

4.Exhaust stroke.

At b.d.c., the exhaust gas opens and as the piston rises, the exhaust
gas escape through the open valve until at t.d.c. This valve closes and the
piston once again commences a new induction stroke. The engine is being
carried over its idle stroke by the energy stored in the flywheel

(Warapetcharayut, 1894 and Phong, 1999)

intake

Spark
Pluq

Cylinder

Piston H Crankshofl

Intake Compression

Power Exhaust

Figure 2.1 The 4 stroke cycle engine (Source . Ferguson, 1986)



2.2.2 Two stroke cycle engine

The principle of the 2 stroke cycle engine is illustrated in figure 2.2

Upward stroke, The piston rises near to top dead center (t.d.c)
compresses gas in the combustion chamber. At the same time the inlet from
carburetor will flow through the port and reed valve (thin plate, made of mix
metal, one end is fixed and another end open only one pass) into the inlet port
under the cylinder like the induction stroke combined with compression stroke

of four-stroke.

Downward stroke, The sparking plug ignites the charge which cause a
rise in temperature and cpnseequ‘anﬁa'i risa"jn pressure followed by downward
movement of piston. During this stroke, the reed valus is sealed off and the
confined rises to the top of the eylinder ari@:!pushid out most of the exhaust
gases at the same time filling the aaﬂ'indar'vdﬁ}’a new charge. This stroke is

similar to the combined power stroke and axﬁﬁﬂﬂ stroke. It can be noted that

the crankcase of two-stroke which should be intended for/fubricant oil in four-
stroke must become the keep Inlet. Then, the lubricant of two-stroke becomes
different from four-stroke (Warapetcharayut, 1994 and Phong, 1999)
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Figure 2 2 The 2 stroke cycle engine (Source  Ferguson, 1986)



2.3. Comparison of Two and Four-Stroke Cycles

The two-stroke engine is simpler in construction than four-stoke,
therefore cheaper to manufacture than the four-stroke design. Its lubrication
system is more simple and able to develop a smoother torque. This is due to
the fact that it has one power stroke per revolution whereas the four-stroke has
one power-stroke for every two revolutions of the crankshaft thus the power
stroke must carry the piston through the other three stroke. In the two-stroke
cycle, however, the exhaust gases are not fully scavenged from the cylinders
and these spent gas will not burn but occupy part of the combustion space.
This leaves less space for the incoming charge and lowers the volumetric
efficiency. The volumetric efficiency being the ratio of the weight of the
induced charge and the theoretical charge is needed to completely fill the
swept volume at atmospheric pressure and normal temperature. Also due to
the method of scavenging, some of the new charges escape with the exhaust
gases. The two-stroke engine which requires decarbonizing more frequently
than the four-stroke has a tendency to overheat. A four-stroke engine gives a
greater economy. It is more quiet in running, develops more power, runs better
at lower revolutions per minute, and has a wider speed range than the two-
stroke engine. By fitting a flywheei of specific size and weight to the crankshaft
and arranging the cylinders to fire in a definite order, the torque fluctuations

can be smoothed out (Dolan, cited in Phong, 1999).

2.4 Air pollutions from motorcycle

The air pollution emission from motorcycles can be divided into the

following three sources:
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1) Exhaust gases (CO, HC, NO_, Pb and smoke).
2) Fuel evaporative gas (HC).

3) Blow-by gas.

Table 2.1 Rate of Air Poliution Generation (%) (Source: Phong 1999)

Sources 4-stroke 2-stroke

CO | HC | NO_ | CO |[HC | NO

Exhaust gas 100 | 65 | 100 | 100 | 80 7100
Fuel evaporativ;— - goF 1T - - - |
Gas

Blow-by gas - P0, == = 20 |-

2.4.1 Exhaust Gases
Components of exhaust gas are CO, HC and NO_. The generation ratio
of which varies remarkably with the vehicle running conditions and the fuel

used.

Carbon monoxide (CO)
1. The CO emission is generated from the combustion chamber due to
the fact that the theoretical complete combustion is not available. The CO

generation is effected by the air-fuel ratio (A/F).
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2. The CO generation characteristics are the same for 4-stroke and 2-
stroke engines (Japan automobile manufacturers association Inc., cited in

Warapetcharayut, 1994).

Nit ' 2)

1. Nitric oxide (NO) is formed by oxidation of nitrogen (N,) in the
atmosphere during high temperature combustion in the combustion chamber
and its emitted outside. The emitted NO change to nitrogen dioxide (NO,) in

reaction with 0, from the air.

2. The presence of oxides of nitrogen, NO_ (i.e. a mixture of NO, and
NO), in town air is very largely from internal combustion engines. The major
component of the oxides of nitrogen formed in the combustion zone is nitric
oxide, NO. The quantities of the oxides of nitrogen formed are complicated
function of temperature, pressure, time of action, and the quantity of the
reactants present. When released into the atmosphere, nitric oxide oxidizes to
nitfrogen dioxide. But at concentration less than 50 ppm, this oxidation take
place slowly so that NO present in the polluted air is mainly nitric oxide. In
sunlight, especially in presence  of organic material (hydrocarbons), this

conversion is greatly accelerated (Impens, cited in Phong 1999).

3.The NO, generation from 2 stroke engines, in contrary to HC emission
is less than one fourth of that from 4 stroke engines when compared exhaust
mass emission between 2 stroke, and 4 stroke engine in CEC mode test. The
reason is report that the scavenging efficiency is poor for 2 stroke engines,

and as a result, the intake mixtures are diluted with the remaining burnt gas
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with makes the combustion hard (Thai motorcycle manufacturers group, cited

in Warapetcharayut, 1894)

Hydrocarbon (HC)
1. Unburned fuel and decomposed fuel (HC) are discharged due to the

blow-through of the intake mixture which is caused by the overlap of the intake
and exhaust valves (especially great for small, high power engines),
incomplete combustion chamber wall (quenching), and mis-fiing caused by

defective ignitor plug.

2. The unique mechanism of The two-stroke engines which used fresh
mixtures to scavenge the burnt mixtures, emit hydrocarbons six to eight times
large than those of the four-stroke engines. The generation mechanism is as

follows :

As the fresh mixture are for scavenging, its result much burnt gases to
remain in the cylinder and unstable combustion can be caused especially at

idling and low load running.

Since scavenged by the fresh mixture gases as the road increases, the
amount of the fresh mixture becomes larger-which blows through. HC
generation is higher at low and high load conditions and lower at medium load
condition. However, even at medium load the HC generation is five to six time
higher than that of 4-stroke engines (Japan automobile manufacturers

association, Inc., cited in Phong 1999)
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In theory, the suitable air-fuel ratio (A/F) which is the best economically
fuel consumption is 14.6 and the highest engine power ratio is approximately

12.5

The A/F ratio has relative component of exhaust gases as follow:

1.The rich A/F ratio will cause less NO, but lean air will cause incomplete
combustion, so there is the increase CO, HC.
2.The lean A/F ratio (A/F to 16) will cause less CO, HC but increase in NO,
3.The very lean of A/F ratio will cause less NO, , and CO but increase HC.
If A/F ratio of less than 16 will cause bad driving from pounding engine
etc., then it is not suitable in real driving. (Thai motorcycle manufacturers

group, cited in Warapetcharayut, 1994)

2.4.2 Blow by gases
The burnt of gases which leaked from between the pistons of cylinder
enter into the crankcase and is emitted into the air through the breather port

(Japan automobile manufacturers association, Inc., cited in Phong 1999)

2.4.3 Evaporative gases
The evaporative gases are emitted into the air from a fuel system such as
the breather of fuel tank or the carburetors. (Japan automobile manufacturers

association, Inc., cited in Phong 1899)

2.5 Gasoline as Motorcycle fuel

2.5.1 Fuels



Stone (1985) defined the meaning of fuel as follow fuels are often
mixtures of hydrocarbons, with bonds between carbon atoms, and between
hydrogen and carbon atoms. During combustion these bonds are broken, and
new bonds are formed with oxygen atoms, accompanied by a release of

chemical energy. The principal products are carbon dioxide and water.

As combustion does not pass through a succession of equilibrium
states it is irreversible, and the equilibrium position will be such that entropy is
a maximum. The different compounds in fuels are classified according to the
number of carbon atoms in the molecules. The size and geometry of the
molecule have a profound effect on the chemical properties. Each carbon
atom reqguires four bonds; these can be single bonds or combinations of

single, double and triple bonds. Hydrogen atoms require a single bond.

An important family of compounds in petroleum (that is, petrol
(gasoline) or diesel fuel) are the alkanes, formerly called the paraffins. Table
2.2 lists some of the alkanes; the different prefixes indicate the number of
carbon atoms. The alkanes have a general formula C H, ,, , where n is the
number of carbon atoms. Inspection shows that all the carbon bonds are
single bonds, so the alkanes are termed “saturated” For example, propane

has the structural formula

T
T
I

x
T
T




Table 2.2 Alkane family of compounds (Source : Stone, 1985)
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Compounds that have straight chains with a single double bond are
termed alkenes (formerly defines); the general formula is C H,, An example is

propylene, C,H, :

Such compounds are termed “unsaturated” as the double bond can be

split and extra hydrogen atoms added, a process termed “hydrogenation”,

Most of the alkene content in fuels comes from catalytic cracking. In
this process the less volatile alkanes are passed under pressure through
catalysts such as silica or alumina at about 500 °C. The large molecule are
decomposed, or cracked, to form smaller more volatile molecules. A

hypothetical example might be

Con42 —> CaHa + Cus + CAH‘IO * CGHM + C

alkane alkenes alkanes carbon

A disadvantage of alkenes is that they can oxidise when the fuel is
stored in contact with air. The oxidation products reduce the quality of the fuel
and leave gum deposits in the engine. Oxidation can be inhibited by the

addition of alkyl phenol, typically 100 ppm (parts per million by weight).
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Hydrocarbons can also form ring structures, which can be saturated or
unsaturated. Cyclo-alkanes are saturated and have a general formula C H, in
petroleum technology they are called naphthenes. An example is

cyclopropane.

H H
\ [
C
/ \
37 o 77 I wy SN T
H H

Aromatic compounds are unsaturated and based on the benzene

molecule, C,H, This has an unsaturated ring best represented as

!
C
H H
e c”
c C
|
H

The inner circle signifies two groups of three electrons, which form
molecular bonds each side of the carbon atom plane. The structure accounts
for the distinct properties of the aromatic compounds. Benzene and its
derivatives occur in many crude oils but in particular they come from the

distitiation of coal.
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The final class of fuels that have significance for internal combustion
engines are the alcohols, in particular methanol(CH, OH) and ethanol

(C,H,OH):

.
T
=

pos
) —
O
=L
L

|
C—C—0—H
| |
H H H

2.5.2 Characteristics of gasoline

The properties of gasaline (petrol) are discussed by Stone (1985) as
follows : The two most impertant characteristics of petrol are its volatility and
octane number (its resistance to self-ignition). Volatility is expressed in terms
of the volume percentage thal is distilled at or below fixed temperatures. If a
petrol is too volatile, When it is used at high ambient temperatures the petrol is
liable to vaporise in the fuel lines and form vapour locks, This problem is most
pronounced in vehicles that are being restarted, since under these conditions
the engine compartment is hottest. 'If the fuel is not sufficiently volatile the

engine will be difficult to start, especially at low ambient temperatures.

The volatility also influences the cold start fuel economy. Spark ignition
engines are started on very rich mixtures, and continue to operate on rich
mixtures until they reach their normal operating temperature; this is to ensure
adequate vaporisation of fuel. Increasing the volatility of the petrol at low
temperatures will evidently improve the fuel economy during and after starting.

Blackmore and Thomas cited in Stone (1985) point out that in the USA as
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much as 50 per cent of all petrol is consumed on trips of 10 miles or less.
Short journeys have a profound effect on wvehicle fuel economy, yet fuel

consumption figures are invariably quoted for steady state conditions.

Fuel volatility is specified in British Standard 4040: 1978, and these data

Table 2.3 Volatility of different petro! blends (souce  Stone, 1985)
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Figure 2.3 Distillation curves for petrol (Source  Stone. 1986)
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Table 2.3 shows how the specification of petrol varies to suit climatic
conditions. Petrol stored for a long time in vented tanks is said to go stale; this
refers to the loss of the more volatile components that are necessary for easy

engine starting.

The octane number of a fuel is a measure of its anti-knock
performance. A scale of 0-100 is devised by assigning a value of 0 to n-
heplane (a fuel prone to knock), and a value of 100 to iso-octane (a fuel
resistant to knock). A 95 octane fuel has the performance equivalent to that of
a mixture of 95 percent iso- octane and 5 percent n-heplane by volume. The
octane requirement of an engine varies with compression ratio, geometrical
and mechanical considerations, and also its operating coenditions. There are
two commonly used octane scales, research octane number (RON) and motor
octane number (MON), covered by British Standards 2637: 1978 and 2638:
1978 respectively. Both standards refer to the Annual Book of ASTM
(American Society for Testing and Materials) Standards Part 4 7 - Test

Methods for Rating Motaor. Diesel and Aviation fuels.

The tests for determining octane number are performed using the
ASTM-CFR (Cooperative Fuel Research) engine; this is a variable
compression ratio engine similar to the Ricardo ‘E6 engine. In a test the
compression ratio of the engine is varied to obtain standard knock intensity.
With the same compression ratio two reference fuel blends are found whose
knock intensities bracket that of the sample. The octane rating of the sampie
can then be found by interpolation. The different test conditions for RON and
MON are quoted in ASTM Standards Part 47, and are summarised in table
2.4
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Table 2 4 Summary of RON and MON test conditions (source ; Stone, 1985)
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Table 2.4 shows that the motor octane number has more severe test
conditions since tha._,_migtuw;tgm@aqaﬁm is greater.and-the ignition occurs
earlier. There is not necessarily any correlation betfween MON and RON as the
way fuel cornponants of different volatility ‘contribute 1o the actane rating will
vary. Furthermere, when a carburetted engine has a transient increase in load,
excess fuel is supplied. Under these conditions it is the octane rating of the
more volatile components that determines whether or not knock occurs. The
minimum octane requirements for different grades of petrol are given by

BS4040, see table 2.5.

21
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Table 2.5 Octane number requirements for different fuel grades

(source : Stone, 1985)

Grade designation RON MON
S star 100.0 86.0
4 star 97.0 86.0
3 star 94.0 82.0
2 star 90.0 80.0

The attraction of high octane fuels is that they enable high compression
ratios to be used. Higher compression ratios give increased power output and
improved economy. The octane number requirements for a given compression
ratio vary widely, but typically a compression ratio of 7.5 requires 85 octane
fuel, while a compression ratio of 10.0 would require 100 octane fuel. There
are even wide variations in octane number requirements between supposedly

identical engines.

Of the various fuel additives, those that increase octane numbers have
greatest significance. In 1922 Midgely and Boyd discovered that jead-based
compounds improved the octane rating of fueis. By adding 0.5 grams of lead
per litre, the octane rating of the fuel is increased by about 5 units. The lead
additives take the form of lead alkyls, either tetramethyl lead (CH,),Pb, or

tetraethyt lead (C,H.),Pb. (Stone, 1985). Present, most countries have

restrictions on the use of lead in fuels for environmental reasons,
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When gasoline lead content is either reduced or eliminated then, if
octane quality is to be maintained, refineries have to resort to the increased
use of certain components. Traditionally refineries have used aromatic
components, which comprise mainly benzene, toluene, xylenes and ethyl
benzene, from reforming processes to provide octane quality. These aromatic
components or sometimes call volatile organic compounds (VOCs) are emitted
in significant quantities from vehicles. Using of aromatics in unleaded gasoline
is producing health and environmental dangers greater than that from lead
itself when this fuel is used in cars not fitted with a catalyst. VOCs are
precursors of photochemical smog and tropospheric ozone. Exposure to
VOCs and other air toxics has been linked to adverse health effects. Specific
VOCs, for instance, benzene may also lead to increases in diseases such as

lung cancer and leukaemia. (Lertvisansak, 1996)

2.5.3 Gasoline in worldwide

Perry and Gee (1993) reported that the widespread introduction of
unleaded and low lead fuels has naturally resulted in significant changes in
fuel compositions as refineries attempt to maintain the octane quality of fuels.
Different countries, due to variation in resources have different refinery
capabilities which ' significantly affect their flexibility in approaching fuel

reformulation.

The most common means to replace the octane numbers lost as lead is
removed is to increase the severity of the reforming process, as this is
common to aimost ali refineries and does not require significant additionai
investment. However, this leads to an increase in the level of aromatic

compounds in the fuel. Alkylation, isomerisation and polymerisation processes
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have been used in developed countries to overcome this. Australia for
example has invested in isomerisation plants and as a resuit has limited rises
in the aromatic content of unleaded fuels. In Western Europe despite the use
of upgraded facilities at many refineries the main means to maintain the
octane quality of unieaded fuels has been to increase the use of reformate. In
developing countries in the Far East and South America, where resources are
limited this is also the most practical means to achieve suitable octane
numbers. As a result fuel aromatic levels in these countries have increased as
lead is reduced. Aromatic levels of 40-50 % by volume are now common both

in Europe and countries from the Far Fast and South America.

2.6 The aromatic hydrocarbons

Fawell and Hunt (1988) studied about the aromatic hydrocarbons and
they explained that; the structure of several of the aromatic hydrocarbon
reviewed are shown in Figure 2.4. These compound are used in industry in

very large quantities.

G CH,~CH,
Benza~. To eae Ctaylberreme
h CH,
s |
cr. CH CH, € CH,
Xyiene Styrene Isopropeny | banzeng
Bghenyl Biphenyimelhianas
Figure 2.4 The structure of some of the aromatic hydrocarbons widely used in

industry. (Source : Adapted from Fawell and Hunt. 1088)
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The most important source of environmental exposure are air and food.
Water is only a minor source, except where specific pollution incidents have
occurred. In the WRc survey, benzene, toluene and xylene were the most
frequently detected compound, occuring 13/14, 14/14, 14/14 samples

respectively.

Toxicological information on the aromatic hydrocarbons varies
markedly. Benzene, toluene, styrene and biphenyl are the most
comprehensively studied, but there is relatively little or no information

available on the other compounds.

Fawell and hunt (1988) reviewed many studies about Aromatic
hydrocarbons that included Benzene, Toluene and Xylene. Their book,
“Environmental toxicology : organic pollutants” explained both toxic of each

substance and toxicity on human health as follow:

2.6.1 Benzene

2.6.1.1 Introduction

Benzene has been the most extensively studied of all the aromatic
hydrocarbons, and the literature has been reviewed by severa! groups.
Benzene is principally produced. by fractional distillation of crude oil,
catalytic dehydrogenation, and solvent extraction. Estimated annual world-
wide production is over 15 million tonnes. Benzene is used as a solvent and a
fuel additive, but primarily as a raw material in the manufacture of
ethylbenzene, styrene, cyclohexane, nylon, dyes, pesticides, resins and

detergents.
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CASRegNo : 71-43-2

Molecular weight : 78.1

Boiling point : 80.1°C

Solubility 1780 mg/l at 20 °C
Evaporative half-life in water of depth 1 m : 4.81 hours at 25 °C
Threshold odour concentration in water : 2-31 mg/l

2.6.1.2 Exposure
1. Air

The major source of atmospheric benzene is vehicle exhausts . Most
data suggest that average benzene levels are in the low ppb range, aithough
much higher levels have been reported in the vicinity of benzene-associated
industries and in the ambient air of petrol . An analysis of atmospheric
benzene in the UK has reported higher levels than those found else-where. In
a relatively rural area a level of 61 ppb was found, while near the M| at Luton

benzene was measured at 155 ppb.

2. Food
Benzene is found in many foodstuffs and beverages at significant
levels, and the NCI have estimated that an individual could ingest as much as

250 |g/day of benzene from this source.

3. Water

Exposure data for water are rather limited, though both American and
Canadian studies have suggested average drinking water concentrations in
the nanogram per litre range . The US EPA study reported the highest level of
benzene found in a finished water as 10 Llg/l. The survey by the WRc

identified benzene in 13 out of 14 treated water samples examined.
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4. Relative exposure

In an assessment of the relative exposure of an individual to benzene
by the US EPA, water was suggested to contribute 1.4%, food 17.7% and
ambient air 80.9% to an overall daily intake of 1.1 mg of benzene . This
calculation was based on perhaps a rather low ambient air benzene level of 1

ppb, a rather high water level of 10 Mg/l  and an intake from food of 250

lg/day. The Canadians, however, have calculated an average yearly intake of
125 mg of benzene, of which 91 mg is derived from food, 33 mg from air,
0.007 mg from water and 1 mg from other sources . The more realistic
assumptions included in this calculation are a drinking water concentration of
10 ng/l, an intake from food of 250 [lg/day, and an ambient air level of 2.5
ppb, of which 60% is retained by the body . These estimates indicate that
exposure to waterborne benzene at current levels is almost insignificant in

comparison to exposure from other sources.

2.6.1.3 Toxicokinetics
1. Absorption
No information appears to be available with regard to the
gastrointestinal absorption ‘of benzene, though a value of arcund 40-50% has
been reported in several studies for respiratory absorption in humans
Percutaneous absorption has been demonstrated to occur slowly in-man and

rhesus monkey.

2. Distribution
Autoradiographic and pharmacokinetic studies have shown that
benzene has an affinity for nervous and adipose tissue, with high levels also

found in the bone marrow, liver, spleen and blood.



3. Metabolism

Benzene is metabolised primarily in the liver to phenol, catechol, quinol
and hydroxyquinol, and subsequently to conjugates of ester sulphates and
glucuronides. In bone marrow, phenol appears to be the major metabolite
shortly after exposure, though catechol and hydroquinone predominate
subsequently . It is thought that secondary metabolites of the latter two
compounds are probably responsible for the toxic effects of benzene in the

bone marrow .

4, Excretion

The elimination of benzene by the lungs has been reported to be
around 12% of the retained dose in humans bul up to 70% in experimental
animals. Excretion in the urine as free or conjugated phenols accounts for 50-
87% of retained benzene in humans, but only 23'5@ is eliminated in this way by
rodents

2.6.2 Toluene

2.6.2.1 Introduction

Toluene (toluol, phenyimethane, methylbenzene, methacide) is a volatile
and flammable aromatic hydrocarbon commercially. produced by the
etrochemicals ‘industry. Most\is converied to benzene bul some s used
directly in the manufacture of dyes, saccharin, perfumes, caprolactam,
harmaceuticals, detergents and TNT. It is also used as a gasoline additive and

solvent.
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CAS Reg No: 108-88-3
Molecular weight: 92.13

Boiling point: 110.6 °C

Solubility: 515 mg/l at 20 °C
Evaporative half life in water of depth1 m: 5.18 hours at 25 °C
Threshold odour concentration in water; 1 mgl/l

2.6.2.2 Exposure
1. Air
Atmospheric contamination by toluene has been linked with automobile
exhaust emissions on several occasions . One study of Toronto air samples
reported a correlation between traffic density and atmospheric toluene , while
a British study found a rural toluene level of 29 ppb at Freshwater (IOW) and

an urban toluene concentration of 72 ppb near the Ml at Luton .

2. Food
Very little information is available with regard to the levels of toluene in

foodstuffs, although it has been detected in fish .

3. Water

Toluene has been identified in several surveys of raw and treated water
in the US at average concentrations of less than 1 Llg/l. The highest level
recorded was 11 g/l in New Orleans finished water .Toluene was found to be
present in all 14 drinking water samples in the WRc survey. Levels in surface
waters were generally less than 1 g/, but up to 5 g/l was found in some

groundwaters .
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2.6.2.3 Toxicokinetics

1. Absorption

The pulmonary retention of toluene, which is dependent on the
atmospheric concentration, ventilation rate and body weight, was estimated, to
be about 50% of the inhaled dose in volunteers after 5. Although astrointestinal
absorption is slower than respiratory absorption, it is likely that most of an oral
dose of toluene would be retained . Toluene can be absorbed through the
skin, but the process is far slower than through either the lungs or the

gastrointestinal tract .

2. Distribution

Due to the high affinity of toluene for fat, its distribution is dependent
primarily on the lipid content of individual tissues. Body fat provides a large
reservoir for toluene, as illustrated in a mouse study in which tissue saturation

was not reached after a 3-hour exposure to 4000 ppm of toluene vapour

3. Metabolism

The metabolism of toluene by the liver has been well characterised.
Toluene is metabolised rapidly through its methyl side-chain, via benzyl
alcohol and benzaldehyde, to benzoic acid. Benzoic acid is conjugated with
glycine, and excreted in the urine as hippuric acid. Some conjugation of side-
chain metabolites with glutathione has been reported in rats . There is also
evidence that a small amount of ring oxidation can occur during toluene
metabolism. Ortho-, meta- and para-cresols have been detected in the urine of

workers exposed to toluene.
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3.3.4 Excretion

The major mode of excretion for toluene is via the urine, largely as
hippuric acid. However, variation of urinary hippuric acid concentrations due
to dietary factors makes this parameter a poor index of exposure, especially at

low levels . Some unchanged toluene can be eliminated in the expired air.

2.6.3 Xylene

2.6.3.1 Introduction

Xylene (dimethylbenzene) is produced by the chemical industry and
from the distillation of petroleum, coal tar and coal gas. It is used as a solvent
in resins, lacquers, enamels and rubber cements, in aviation fuel, and in the
manufacture of polyester, pharmaceuticals, dyes, insecticides, asphalt and
naphtha. The three isomeric forms of xylene (ortho-,meta- and para-) all

possess similar physicochemical properties.

CAS Reg No (mixed): 1330-20-7
Molecular weight: 106.17

Boiling point: 138 °C

Solubility: 180 mg/1 at 20 °C
Evaporative half-life in water of depth 1 m: 6.61 hours at25°C
Threshold odour concentration in water: 1-2 mg/l

2.6.3.2 Exposure
1. Air
Thorburn and Cotenutt cited in Fawell and Hunt (1988) detected a

xylene concentration of around 16 ppb in the rural atmosphere of Freshwater
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(IOW) and a level of 49 ppb near the Mi at Luton. Data by Holzer et al cited in
Fawell and Hunt, 1988) also suggest higher levels of xyiene in urban air

compared to rural air in the US.

2. Food

No data appear to be available with regard to the presence of xylene in food.

3. Water

The xylenes were identified in ail 14 treated water samples of the WRc
survey (Water Research Centre 1981 cited in Fawell and Hunt, 1388). A
Japanese study detected xylene in both filtered river water and in tap water .
The US EPA have reported a xylene concentration of 4.1 Ll g/l in the treated

water supply to New Orleans .

2.6.3.3 Toxicokinetics
1. Absorption

in man, about 60% of inhaled xylene is retained by the lungs.
Percutaneous absorption also occurs . Although there are no data on
gastrointestinal absorption, xylene ‘would be expected to be readily absorbed

in view of its lipophilic nature.

2. Distribution
The distribution of xylene in the body is dependent on the fat content of
individual tissues. The highest levels of xylene are found in lipid-rich tissues

such as the adipose tissue, subcutaneous fat, adrenal glands, brain and liver.
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3. Metabolism

The metabolic pathways differ for each xylene isomer. The meta- and
para-isomers are 80-90% metabolised to the corresponding toluic acids and
glycine conjugates. Only 60% of ortho-xylene is transformed to ortho-toluic
acid, and of this roughly half remains free, about half is conjugated with
glucuronide, and only 0.3% is conjugated with glycine . Aromatic ring
oxidation to hydroxyxylenes (xylenols) has also been reported for each isomer,
but this appears to be only a very minor route. Methylbenzylmercapturic acids
have also been identified as metabolites of xylenes, though only
transformation of ortho-xylene in this manner appears to be of any quantitative

significance.

4. Excretion
Xylene is excreted in the urine as methylhippuric acids, free toluic
acids, toluoglucuronic acids, dimethylphenols and methylbenzylmercapturic

acids. A small amount of unchanged xylene can be exhaled from the lungs.

2.7 Health effects of VOCs on human health

Volatile organic compounds or VQCs, a wide range of hydrocarbon
compounds with boiling point between approximatety 50 °C and 250 °C and
which at the room temperature, produce vapours (Harrison, 1997). Many of
VOCs play an important role in atmospheric chemistry. This is especially true
for substituted aromatic VOCs such as benzene, toluene and xylene which
have a high risk potential effect on environment and human health. Only short
exposure to high level of some VOCs can cause temporary dizziness; lengthy

or repeated exposure can irritate the eyes and lings and may effect the
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nervous system. Some VOCs, such as benzene, are cancer causing agents.
Many of researches studied about the toxic effect of these VOCs on human.
One of the popular books that collected a lot of data about the toxicology of
VOCs on environment and human heaith is “Environmental toxicology :
Organic pollutants” by J.K Fawell and S.Hunt (1988). They investigated many
incidents of harmful effect of VOCs on human and they collected many

information from many studied of this in their book as follow :

2.7.1 Benzene

2.7.1.1 Acute and subacute toxicity

Severe human exposure to benzene can cause convulsions, coma,
paralysis and death from respiratory or cardiac failure. At sublethal doses,
CNS excitation followed by depression, giddiness, headaches, nausea and
unconsciousness is often found. Pathological effects include petechial
haemorrnages of several tissues, cerebral edema, hypo- and hyperplasia of

the bone marrow, and congestion of the kidney.

2.7.1.2 Chronic toxicity

The most commonly observed effects of chronic benzene toxicity in
experimental studies are associated with the depression of bone marrow
function, and normally take the form of pancytopenia, a reduction in the
numbers of many kinds of blood cells. Much recent work has been involved in

the study of these effects and the ultimate reactive species responsible.
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2.7.1.3 Genotoxicity
Although there is strong evidence for benzene-related genetic damage
in mammalian systems, mutagenicity of benzene has yet to be demonstrated

in bacterial assays.

Lyon cited in Fawell and Hunt (1988) reported negative findings for
benzene mutagenicity in a host mediated assay and in bacterial plate assays
with Salmonella typhimurium TAS8 and TA100, but found chromosomal
aberrations in bone marrow cells of rats given 0.5 mi/kg of benzene by
intraperitoneal injection. This compound has given positive results in one
forward gene mutation assay: resistance to 6-thioguanine at the HGPRT locus

in a metabolically competent human lymphoblastoid cell line .

2.7.1.4 Carcinogenicity

With the exception of leukaemias, the only other tumors which have been
associated with exposure to benzene are zymbal gland carcinomas and
mammary carcinomas reported in a single study by Maltoni and Scarnato
cited in Fawell and Hunt (1988 ). In this study, Sprague-Dawley rats dosed
orally with 250 mg/kg of benzene for 52 weeks developed 4/33 leukaemias in
males, 8/32 zymbal gland carcinomas and 7/32 mammary carcinomas in
females. Control values were 3/30 mammary carcinomas, 1/30 leukaemias and
0/30 zymbal gland carcinomas in females, and 0/30 for both leukaemias and
zymbal gland carcinomas in males. It was also noted that the latency period

for mammary tumors was reduced from 110 weeks to 88 weeks,
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Gavage cited in Fawell and Hunt (1988) studies of benzene in corn oil at
doses of 0-200 mg/kg in male rats and 0-100 mg/kg in female rats and male

and female mice gave rise to an increase in tumors at multiple sites.

2.7.1.5 Reproductive toxicity
Transplacental transfer of benzene is a poorly studied subject, though
one report has found similar levels of benzene in both maternal and cord-

blood under low-level exposure conditions.

Some evidence for teratogenicity has been reported in CF-1 mice given
3 mil/kg of benzene by subcutaneous injection on the thirteenth day of
gestation. This study is difficult to interpret, however, due to the absence of
control data. No teratogenic effects were seen in the susceptible chick embryo

system.

In general, the evidence would not indicate a teratogenic potential for
benzene. Retardation of foetal development, the most common reproductive
effect, is characterized by decreased foetal weight and ossification. This
effect appears to occur only at doses which -also cause a decrease in
maternal weight gain. The retardation foetal development may therefore be

due to the toxicity of benzene.in-the mother.

2.7.2 Toluene
There are several comprehensive reviews of the health effects of toluene.
Much of the information has arisen from occupational exposure and from the

abuse of solvents and glues which contain toluene.
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2.7.2.1 Acute and subacute toxicity

Acute exposure to toluene results in CNS depression and membrane
irritation, though sudden deaths due to cardiac arrhythmias have been
reported in some cases of toluene abuse. There is littie evidence to indicate
that toluene is acutely toxic to any organ system other than the CNS even at
very high doses. The oral LD50 for rats is about 7.0 g/kg. Two subacute
studies in rats have noted slight increases in hepatic cytochrome P- 450 levels
(Elovaara et al 1979, Chand and Clausen 1982 cited in Fawell and Hunt,

1988).

2.7.2.2 Chronic toxicity

Studies in experimental animals have on the whole failed to show
significant organ damage, even after exposure to very high doses of toluene.
Rodents exposed to 12 000 ppm of toluene vapour in 3-hour cycles, 5
times/week for 8 weeks, exhibited inebriation but no lung, liver or kidney
damage. In another inhalation study where rats, guinea pigs, monkeys and
dogs were exposed continuously (107 ppm for 90-127 days) or intermittently
(1085 ppm, 8 hours/day, 5 days/week for 6 weeks) to toluene, no changes in
body weight gain, haematological parameters ar-the morphology of several
organ systems were reported in any species. Both male and female rats
exposed to 30,100, 300, or 1000 ppm of toluene for 13 weeks ailso failed to
show any significant effects, even at the highest dose level . No changes in
clinical chemistry, urinalysis, haematology, histopathology or ophthalmology
were found in groups of 120 male and 120 female F-344 rats exposed by
inhaiation to 0,306,100 or 300 ppm, 6 hours/day, 5 days/week for up to 2 years .
This very low toxicity of toluene has also been found in other studies (Wolf et al

1956, Carpenter et al 1976 cited in Fawell and Hunt,1988). Toxic effects,
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similar to those found with benzene, reported in early experiments on toluene
are likely to be aftributable to benzene contamination rather than to the toxicity

of toluene itself .

Apart from several studies where visual signs of nervous distress were
evident following exposure to high doses, relatively few studies have been
carried out to assess the effects of toluene on the nervous system of
experimental animals . However, changes in EEG patterns have been reported
in rats and cats. Several studies of occupationally exposed subjects have
suggested health effects of toluene, most of which are associated with the

nervous system.

2.7.2.3 Genotoxicity

Toluene has given negative resuits in the Ames test with Salmonella
typhimurium TA100, TA1635, TA1637, TA1538 and TA98, both in the presence
and absence of rat liver S-9 or hamster liver S-9, at doses ranging from 10 to

2000 |Lg/plate .

Bos et al cited in Fawell and Hunt (1988) reported that toluene was
negative for unscheduled DNA synthesis/ in primary rat hepatocytes, but no
experimental details were given. In vivo clastogenic effects of toluene have
been documented in the bone marrow of rats injected with 1 g/kg daily for 12
days and in another study where rats were exposed by inhalation to 112 ppm,
4 hours daily, for 4 months. In the latter study it was estimated that 0.8
g/kg/day of toluene induced the same frequency of chromosomal damage as
0.2 g/kg/day of benzene. Donner et al cited in Fawell and Hunt (1988) were

unable to show an increased incidence of chromosomal aberrations in the
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bone marrow cells of Wistar rats exposed to 300 ppm, for 6 hours/day, 5
days/week, for 15 weeks. However, there was a significant increase in sister
chromatid exchanges at 11 and 13 weeks, but not at 15 weeks. Toluene was
not found to induce recessive lethal mutations in Drosophila melanogaster .
Chromosomal studies of toluene-exposed workers have aiso produced
equivocal results for clastogenic activity. Forni et al cited in Fawell and Hunt
(1988) did not detect a significant increase in lymphocyte chromosomal

aberrations in workers exposed to the compound for up to 15 years.

2.7.2.4 Carcinogenicity

In an inhalation study, groups of 120 male and 120 female F-344 rats
were exposed to 0,30,100 or 300 ppm of toluene for 6 hours/day, 5 days/week
for up to 2 years. No significant increase in tumour incidence was found . Two
skin painting studies in mice, one for lifetime and the other for one year, also
found no evidence of carcinogenicity. Lijinsky and Garcia cited in Fawell and
Hunt (1988) did report one skin papilloma and one skin carcinoma in a group
of 30 mice receiving topically applied toluene (16-20 LU) twice weekly for 72

weeks. Toluene has not been tested for carcinogenicity by the oral route.

2.7.2.5 Reproductive toxicity

Nawrot and Staples cited 'in Fawell and Hunt (1988) have provided
some evidence for the teratogenicity of toluene. CD-1 mice were given 0.3,0.5
or1.0 mi/kg body weight of toluene by gavage on days 6-15 of gestation.
Increased embryonic mortality was apparent at all doses, decreased foetal
weight was noted at 0.5 and 1.0 ml/kg, and a significantly increased incidence

of cleft palate was found at the highest dose. There was no evidence for
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maternal toxicity at any dose level. Embryotoxicity was observed in mice
exposed by inhalation to 133 ppm on days 6-13 of gestation, and in rats
exposed to 399 ppm, 8 hours/day on days 1-21 of gestation. Mice were
exposed to 0, 200 or 400 ppm toluene by inhalation on days 6-16 of gestation.
There was a significant shift in the foetal rib profile at 400 ppm and an
increase in dilated renal pelvis at 200 ppm. At 400 ppm neonatal weight was

significantly increased at day 1 post partum .

2.7.3 Xylene
Although the toxicology of Xylene has not been comprehensively
reviewed, there are several sources available which provide useful

information.

2.7.3.1 Acute and subacute toxicity

Acute exposure to very high doses of xylene can cause erythema,
dehydration,defatting and blistering of the skin, irritation of mucous
membranes, peripheral vasodilation, giddiness, fatigue, 'drunkenness’,
narcosis and unconsciousness. Studies on experimental animals have shown
that xylene has a relatively low order of acute toxic potential. Mixed xylenes
have an.oral LD50 in the rat of 4.3 g/kg and-an-inhalation LC50 in the rat of
6700 ppm-, while para-xylene has an inhalation LC50 in the same species of

4740 ppm .

The most comman effects of acute exposure to lower levels of xylene are

CNS related. Gamberale et al cited in Fawell and Hunt(1988)exposed 8

3

healthy men to 1300 mg/m~ of xylene in inspired air for 70 minutes, 30 minutes
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of which was spent on a bicycle ergometer (100 W). The authors reported
clear evidence of performance decrement in three out of a battery of
behavioural tests. Changes in dopamine and noradrenaline levels in selected
areas of the brain have been found in rats exposed by inhalation to 2000 ppm

of xylene, 6 hours/day for 3 days.

2.7.3.2 Chronic toxicity

Despite previous indications that xylene may possess the haematotoxic
properties of benzene, the evidence from more recent studies would not
support this. It is likely that contamination of xylene samples by benzene may

have been responsible for the effects seen in earlier studies.

No significant changes in blood parameters were found in rats and
rabbits exposed by inhalation to 690 ppm of mixed xylenes, 8 hours/day, 6
days/week for 130 days. Exposure of rabbits to 1150 ppm for 55 days in the
same study was found to result in lowered numbers of erythrocytes and
leukocytes, and an increase in platelet numbers . A long-term inhalation study
of ortho-xylene in severa! species failed to show significant changes in body
weight or haematological parameters after continuous exposure to 78 ppm of
xylene vapor for 90 days, or after 30 repeated exposures to 780 ppm of
xylene . Similarly, no myeiotoxic effects were observed in rabbits given 300
mg/kg/day of xylene by subcutaneous injection for 6 weeks or 700 mg/kg/day

of xylene for 9 weeks.

Enhanced activities of hepatic microsomal 7-ethoxycoumarin O-
deethylase, 2,5-diphenyloxazole hydroxylase and UDP-lucuronyltransferase

have been reported in rats exposed by inhalation to 300 ppm of technical
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grade xylene, 6 hours/day, 5 days/week for 18 weeks. Histological
examination did not reveal liver damage (Elovaara et al 1980 cited in Fawell

and Hunt, 1988).

2.7.3.3 Genotoxicity
All three isomers of xylene have given negative results for mutagenicity
in the Ames test with Salmonella typhimurium TAS8, TA100, TA1535, TA1537

and TA1538,both in the presence and absence of either rat liver or hamster

liver S-S, and at doses ranging from 1.0 to 500 Llg/plate (Bos et al 1981,

Haworth et al 1983 cited in Fawell and Hunt,1988).

Xylenes have been shown not to be mutagenic in the
salmonella/microsome assay, bacterial DNA repair, not cause chromosome
aberrations or sister chromatid exchanges in mammalian cells in vitro.
Equivocal results were obtained in Droso-phila germ cells but they did not
cause chromosome aberrations in rat bone marrow in vivo. Dose levels of
0.01562-1.52 mg/ml of xylene were not found to Increase chromosome
aberrations or sister chromatid exchanges in human lymphocytes in vitro.
Although no experimental data were given, Bos et al cited in Fawell and Hunt
(1988) reported that ortho-, meta- and para-xylene had given negative results
for unscheduled DNA' synthesis in primary cultures of rat hepatocytes.
Mohtashamipur et al cited in Fawell and Hunt.(1988) report that ortho, meta-
and para-xylenes did not induce micronuclei in the bone marrow

polychromatic erythrocytes of mice.
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2.7.3.4 Carcinogenicity

Although no evidence for carcinogenicity was found in two 6-month skin
painting experiments in mice , these studies were of insufficient duration, and
therefore only very limited conclusions can be drawn. Long-term studies of
mixed xylenes (60% meta, 14% para and 9% ortho- and 17% ethylbenzene)
given by gavage at doses of 250 or 500 mg/kg to rats and 500 or 1000 mg/kg
to mice, indicated no evidence of carcinogenicity (US National Toxicology

Program 19861941 cited in Fawell and Hunt,1988).

2.7.3.5 Reproductive toxicity

Xylene has been found at higher concentrations in cord blood than in
maternal blood . Two studies in mice have reported teratogenic effects of
xylene. Nawrot and Staples cited in Fawell and Hunt (1988) dosed CD-1 mice
by gavage with 0.3, 0.75 or 1.0 ml/kg/day of pure ortho; meta-, ot para-xylene
on days 6-15 of gestation. Increased incidences of cleft palate and foetal
resorptions were found at the two higher dose levels with the ortho- and para-

isomers.

2.8 Review of the emission research

2:8.1 Emission from vehicles in Thailand research

Warapetcharayut (1994) studied the exhaust gas emissions from 2 —
stroke motorcycles (over 125 CC.) using different lubricating oil and found
that; 15 two - stroke motorcycle from 4 trade names; YAMAHA, KAWASAKI,
SUZUKI and HONDA were tested in his research. Both new and old

motorcycles having a cylinder capacity size of more than 125 CC. were tested.
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This study is an attempt to compare the pollutants level of exhaust

gases by using 2 different types of lubricating oil. Five major primary poliutants

were considered : CO, HC, NO,, Pb and white smoke. In this research, the

percent of reduction of average exhaust gas concentration at idie conditions

from low to high in terms of exhaust gases are NC_, HC, CO ; in term of trade

names are YAMAHA, HONDA, SUZUKl and KAWASAKI when compared both

using regular lubricating oil (No Poly isobutylene — PIB) and low smoke

lubricating il (with PIB). The percent, redtction of average emission load on

chassis dynamometer from inw,ta high are CO, NO,, and HC when compared

both using the regular qu;ting{c=1 gﬂn Poly isobutylene - PIB) and the low

smoke lubrication oil (with PIB). The white smoke was significantly decreased

from average 30.2%"t0S.6% of 58. 21‘5% reduction when changed from using

the regular lubricating oil (Na F’t::rlgfr jsobﬁt}rlena PIB) to low smoke lubrication

oil (with PIB). The result fmm this study amshnwn in table below :

i 2
3 s
p
* Brand name [ Paimmts“—l::mmrﬁs@ —Wﬁ’ajﬂa | % Reduction |
 YAMAHA 20 %) 374 T arn 08
HC (ppm) 13118 12050 8.13
- ,(pprl_'.l_i 106 078 20,25
~ KAWASAK GO (%) 363 e 0 1047
Hcmnmi_“ 10528 0~ ) 9033 1417
RO, (ppm) 129 064 | 5030 |
SUZUKI CO (%) 351 =% | an |
HC(ppm) | 12216 | 9987 1864
- [ liﬂ;{;_ﬂnl | e 074 _HJ_HQ:?.E__J
HONDA CO (%) 351 351 0,00
T MCpm) | 10155 8sa7 | 1593
i NO, tpprn}. E_JEE _D_t‘i‘ N 32.5_
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Apinhapath (1994) studied the exhaust gas emissions from 2 — stroke
motorcycles (of less than 125 CC.) using different lubricating oil. And found
that ; The exhaust emission of motorcycles was studied to determine the
correlation between the emissions, CO, HC, NO,, and white smoke, and the

types of lubricating oil, regular and low smoke oil.

The motorcycles are selected randomly from the motorcycle taxies of
which their cylindrical capacity is less than or equal to 125 cc. The engine and
oil tank were cleaned before adding the test autolube oil. The emissions were
measured at every 1,000 km of distance driven up to 5,000 km using both the
regular and the low smoke ocils. By the action of PIB containing in the low
smoke oil, visible smoke was reduced to 51.8% in the new motorcycle and
71.8% in old motorcycle. There is no difference on pollutants emission when
using the low smoke and the regular oil. Similar results were obtained from
emission loading measurement in which the test motorcycles were driven on a

chassis dynamometer according to the standard driving pattern.

In addition, CO emission is not depended on the period of service of
motorcycle. The relation is unclear on HC emission and period of service of
motorcycle. Moreaver, there is a possibility that low smoke oil will reduce NO,

emission in some model of motorcycles.

Suksomsankh (1990) investigated the exhaust gas from gasoline
engines which registered in Bangkok. The vehicle sample in this study
including passenger cars, 2 and 4 stroke motorcycles, taxies and 2 stroke
tricycles. Gas sample were collected directly from the exhaust pipes of motor

vehicles at 5 different speeds : idling speed which usually found in traffic jam
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condition, 10, 18, 28 kms / hour which were averaged travelling speed in

Bangkok, and 60 kms / hour which was a city limit of Bangkok.

Concentration of CO, NO, Total hydrocarbons and composition of
hydrocarbons in gas samples were analyzed. Resulls from this study showed
that the highest concentrations of CO and HC were found in gas samples from
2 and 4 stroke motorcycles. The high,ea!"léyfj; of oxides of nitrogen were
emitted from passenger cars taxies. 2 ——
Concentration of ‘HC/mﬁpnan'ls\in gas samples from 2-stroke engine

motorcycles were higher ifan those from 4-stroke motorcycles. Benzene,
y S

Toluene, and Xylene, iégmﬁgligtqua to human health, were major

'i}élas:ﬁamﬁgs from both 2 and 4 stroke engine
Gl )

aromatic hydrocarbons

motorcycles. The results of amount of Benzene, Toluene and Xylene from

exnaust gas samples al idle curf&ﬁr_ﬁﬂ are ;M(‘l on the following table :
TN 7R

== NS
\‘_\‘ﬁ : .4 Y/
\7 X J
Type o __] Type of pollutant and eﬂhﬂhﬁ‘éimn:ﬁppml
vehicles Benzene Tdars: Wty and Para Ortho Xylene
o Aylene
Maan  |b\ngd .__Maiam || dange _h;aﬂ )| enge  Mean | range
Passen | 5344 10.29- 17535 1706 467 91 14 22. 4143 403
Ger cars 24059 6o/ 315856 | 26209
oStk | 35851 |woe2  |eesn1 | 22523 | 62105 | 17021 | 22182 | 4997 |
motOrcy- 76789 172226 1399.20 428 64
Clers
 4Stoke | 14548 | 707- | 46880 | 2615 | 37121 | 2545 | 11737 |e3s |
metorcy- 10137 26773 43 205034 £44 99
cles
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Muttamara and Leong (2000) studied on monitoring and assessment of
exhaust emission in Bangkok street air. Measurement of the exhaust emission
from gasoline-powered motor vehicles in Bangkok were performed on chassis

dynamometer.

A fleet of 10 vehicles of different model years and manufacturers were
selected to measure the air pollutants in the exhaust effluent. The study
revealed that carbon monoxide and hydrocarbon emissions averaged 32.3-
64.2 and 1.82-2.98 g/km, respectively, for 1990-1992 cars and decreased to

17.8-40.71 and 0.75-1.88 g’km, respectively, for 1994-1995 cars.

A monitoring program for air pollutant concentrations in ambient air was
also conducted to evaluate the air pollution problems in Bangkok arising from
vehicle exhaust emission. Four air sampling stations were strategically
established to cover the Bangkok Metropolitan Region (BMR). Composite air
samples in this study area were collected during the day/night times and

weekday/weekend.

The average concenirations of suspended particulate matter,
carbomonoxide, and nitrogen dioxide in Bangkok street air were found to be
0.65 mg/m’ (24 hours average), 19.02 mg/m’ (8 hours average) and 0.021

mg/m3 (1 hour average), respectively.

The average concentrations of Benzene and Toluene in ambient air of
the study area were found to be 15.07-50.20 and 25.76-130.95 p;g/m3 .
respectively, for 8 hour average. These result indicated that there was a

significant increase in air pollutant emission with increasing car mileage and



48

model year. Subsequent analysis of data showed thatthere were only 20 % of
test vehicles complied to approved emission standard. The finding also
revealed that there was a correlation between the average air pollutant
concentrations with average traffic speed in each traffic zone of Bangkok

metropolitan region (BMR).

Lertvisansak (1996) study on the benzene concentration in vehicle

emission using unieaded gasoline and found that benzene in exhaust gas was

measured from 12 used cars.

The exhaust gas from car was studied to determine the correlation
between benzene concentration versus mileage, and model year. The
charcoal tubes were used to collect the sample of exhaust gas. Samples were
collected from the car under two conditions, one was collected on chassis

dynamometer and the other was collected at idle mode.

There was a modest increase in benzene emission with older model
year but there was not found the correlation with the mileage. The maximum
benzene emission was found to be 28.68 mg/m3 from Toyota model year 1990.
The lowest level of benzene emission was found in 3 new cars (1 Toyota and 2
Nissan) with installation of catalytic' converter...The average  benzene
concentration of exhaust gas from Toyota, Nissan and Mitsubishi are 0-17.4 ,
0-22.02 and 0.76-18.26 mg/m3 respectively. The concentrations of benzene
from old model car (1990-1992) were 4.4-22.02 mg/m3 while the same for new
model car were 0-4.14 mg/me. The results of benzene emission when the car

was performed on chassis dynamometer were calculated from total



49

hydrocarbon (THC) and benzene concentration was estimated to be 3 % of

THC.

The result of his study is shown on the following table :

Trade name Model year Capacity Benzene Toluene
(mg/me) v (mg/ma)
Toyota 1995 1600 1.81 2.34
1995 1600 1.32 3.28
1930 1600 17.44 27.87
1991 1600 7.64 11.5
1995 2200 ND ND
1990 2000 4.4 12.24
Nissan 1995 1500 ND ND
1995 1500 ND ND
1990 1600 2202 31.19
Mitsubishi 1994 1500 4.14 6.26
1995 1500 0.76 0.89
1992 1500 18.26 44.75

Phong (1999) studied on the air pollutant levels associated with traffic
volume : a case study of motorcycles in Bangkok. This study focused on
exhaust gas emission from two-stroke and four-stroke motorcycle engines.
Ambient air quality and traffic volume of vehicle in Bangkok was also
examined. Testing exhaust gas emission under idle conditions shows that

concentration emission from two-stroke is higher than four-strokes. Carbon
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monoxide (CO) emission is relatively low in both two and four-stroke engine.

Hydrocarbon (HC) emission from two-stroke engines is higher than standard.

Driving cycle test shows that exhaust gas emission from two and four-
stroke engine is higher than standard, while HC emitted from four-stroke is
lower. The study also shows that benzene in ambient air exceeded the WHO
guidelines, The main air pollution problem in Bangkok is suspended
particulate matter (SPM) and particulate matter (PM-10). Particulate
concentration in Bangkok streets is relatively high and reaches alarming levels
due to the poor engine tuning and maintenance, and engine overloading.
Carbon monoxide (CO) during the daytime varies from peak to non-peak hours
and vehicle emission contributes to the concentration of CO in ambient air.
The number of motorcycles takes into account of 25-30 percent of total
number of vehicles. Finally, air pollution in Bangkok has reached alarming
level, requiring immediate measure to reduce and minimize impact on human

health and the environment.

Sirroughudomporn (1997) investigated the benzene and toluene
emission from vehicles in Bangkok ambient air. A monitoring program for
benzene and toluene concentrations in. ambient air in this study was
conducted to evaluate the air pollution problems in-Bangkok city arising from
vehicle exhaust emission. Four air sampling stations were strategically
established to cover the Bangkok Metropolitan Area. The ambient air samples
were earned out to determine the correlation of different traffic configurations
between peak hour and non peak hour, weekday and weekend, finally

between day-time and night-time.
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The minimum and maximum concentrations of benzene and toluene in
ambient air of the study areas were in the range of 12.34-35.82 (ug/ms) and

17.43-93.55 (ug /m3) for 8-hour average, respectively.

The highest benzene and toluene concentrations were found at
Yaowara] sampling station while the lowest benzene and toluene
concentrations were found at Land Development Division sampling station.
From the results, it should be noted that benzene and toluene concentrations
for peak hour were unexpected to be lower than non peak hour. On the other
hand, benzene and toluene concentrations for weekday and day-time were

considerably higher than weekend and night time respectively.

The finding also shown that there was a correlation between the
average benzene and toluene concentrations with average traffic speed in
each traffic zones. In general, the benzene concentrations were exceeded
WHO guidelines while the toluene concentrations were well below this

guidelines, in respect to ail the traffic zones in Bangkok.

2.8.2 Emission from vehicles in other countries research

Duffy et.al (1998) studied the emissions of Benzene, Toluene, Xylene
and 1,3-Butadiene from a representative portion of the Australian car fleet. In
this study, the exhaust emissions of the air toxics benzene, toluene, total
xylenes and 1,3-butadiene have been measured in the cold transient (CT),
cold stabilised (CS) and hot transient (HT) phases of the Australian Design
Rule (ADR) 37/00 Drive cycle for 19 pre-1986 non-catalyst-equipped vehicles

fuelled with leaded petrol, and 56 post-1985 catalyst-equipped vehicles
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fuelled with unleaded petrol, The details of the car samples are shown in lable

2.6.

Table 286 Distribution by age and manufacture of the 75 vehicles tested for exnaust

and 1,3-butadiene using the

Nao. with
Year af Yway  Avg odomeler
manulacture calalysts reading
1980 - 192852
1984 - 157,640
1982 - 125843
1983 - 195413
1584 = 136,700
1985 -— 127,046
Towal
1986 3 134,045
1387 5 123,062
19388 3 B3385
1989 i T3AZ8
1990 5 16,3387
1991 14 58,562
Total

FONUUINYUIMT )
) SR LAY S (TR

vehicles were aboul 19, 139, 240 and 164 mg/km respectively . The
corresponding emissions for the better 46 of the 56 post-1985 vehicles tested

were 1.7,28.1,36.4, and 27.0 mg/km respectively (table 2.7 and 2.8).
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Table 2.7 Per vehicle exhaust emission (mg/km) of benzene, toluene, xytene  and
1.3-butadiene calculates as aweighted average over the three phases of
the ADR 37/00 Drive cycle for 19 pre-1986, nc-lp and 56 post-1985, ce-

ulp motor vehicles (Source: Duffy et. al ,1998)

Vehicle group Benzenc Toluene Xylenes 1,3-butadienc
Avg. ADR  Avg ADR  Avg. ADR Avg. ADR

19 Prc-1986, nc-lp Max 2343 425.0 262.9 40.3
Min 59.9 920 4.3 5.0

Ratio Max to Min 39 4.6 4.6 81

Average 139.1 240.5 164.0 187

Std S3 942 60.4 99

56 Post-1986, ce-ulp Max 146.4 281.5 2388 24.6
Min 8.8 ILS g4 0.4

Ratio Max to Min 16.6 239 26.4 615

Avcrage (all 56) 41.8 61.9 46.5 3.6

Sud 347 65.7 50.4 52

Average (better 46) 28.1 364 2710 1.7

Std 13.5 174 13.5 1.2

 Average (worst 10) 104.8 179.5 136.3 12.0

Std 325 784 61.1 73

Post-1986/Pre-1986 (%) 30.1 25.7 284 193

Better 46 Post-1986/Pre-1986 (%) 20.2 151 16.5 9.1




Comparison of previously reported exhaust emission (mg/km) of benzene. toluene, xylene and 1,3 butadiane with those

recorded in the present study (Source ' Duffy et al, 1858)
Vebicle age
Plice graup Type el siudy 1.3-Butasienc Keferonex
Lisa 1915 FiFr - Supsby o wf {19E7)
" =S
77 | -
iy 5 cars 1695 TH2 -
199 5 can 1284 7€) -
1980 7 cars w4 ¥ —_
L 11 can . 193 .
%42 €cars iE HE -
Awerage 633 506 -
UL Triisee fleed Roadsde ate | 107.2 100, 1 - Zweidinges e al (196H)
Trace: gas she 2 I172 s —
techozue site 3 i % -
e 2353 b1 —
U Laie 19803 Mni ECE - cold start, 18.51 414 014 - Bailey vt al. (1970)
vehiclst pozeabic ECE - hot start, 133 1569 4304 =
Moatly ik C¥s Dn-raad urban, 31381 45318 Y5 -
Ay redeiied 468 e -
1523 174 -
e F10 -
50 B -
L3a 389 FIP - - 04 Gore ar al, (1974}
1989 — = 04
I9Rd=14905 — - Hi
19831565 = - (T
LiSA 192% Volve FTP -_— — 054 Jemma #0 al. [}552)
1988 Valwo - - 436
1990 Roves - - 700
1957 VW - - 4
Lis4 N::;l-umm 3 4 :; : ; - 153 Hoekman {[1550)
Drnidation cacabys curz il S-I - am
Soway camlyw § cars (15831990} | Frid - o
Adaptive learning %7 — o
LS4 Ter-se flest Tunes! Fort MecHenry Turnme! Tr-wge Kverage 1-1‘- 9 ZH' 1% 176 Sagehoel ot al 11576)
tneusy flest Tusearora Tunnel QJ lp-use sveraps 14k 1.26
Austedlle Irn-use Us 1925 FTP n)m f] U um U j’ ﬂ f] iﬂ - — Nelwop amd Quigler, (1980
Azsiraua st FTP{ADE IT) Il. pe-. m.u 1.9 This study
I'I?I‘HIIIIlnr of 1é
I'D; *ml pmtulm ey rd grade QIDI.B 11&-;5 Qi) I!“‘;
» Q,Wm ﬂ’ifﬁfﬂl‘lﬁi']’)ﬂ(l EL:]&EJ i
1957 03 210 L]
ik 41.‘2 A58 357 10
1959 ] uu ne wa 29 1.7
1+ Fean 166 410 0% 12
1961 17 cars %54 7 ni 1%
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The remaining 10 high polluting post-1985 vehicles had emission rales
comparable to those vehicles not equipped with catalytic converters,
suggesting that about 20% of post-1985 vehicles have malfunctioning or
poorly operating catalysts. For the non-catalyst-equipped, pre-1986 vehicles,
CS and HT emissions were about 60% of the CT emissions. For the better 46
post-1985 vehicles, average arﬂlsshr,i-ff/tjgdng the CS and HT phases were
about 20-25%, 12-16%. 11-14%, and 7-13%of the CT emissions for benzene,

toluene, the xylenes, and..iﬂﬂ-‘bdladlege rosp-ectwely

The emissim/

nii numipor (8) of non-catalyst-equipped, pre-

1986 vehicles were ¢ '|,ed uﬁngynleaded and leaded petrol (table 2.9
v ‘J
and 2.10). ' 4
T2 27, &4
4 4
AA,J’Y A-l’/‘
WEEES < I

Tabie 2.9 Per vehicle emaustfaﬂﬂsﬂ@fkm} of benzene, toluene, xylene and
i .'.!—bu&ad:em diiring the mﬁ‘imiam {cp cold stabilised (CS), and

hﬂt -;----—--—-—1‘?_—;..=q=1..s-;,=- C'!rﬂ]ﬂ‘
- ik : _“\_f
{snun:e 4Duﬂ'yr et al, 1998) .
R
Bwee) | LD wew L) L Nphemes i
[ Bt Fonircas Ruthon Esbanliing Batign Forim g Wistlim
R f .
e q-_p.mmmﬂmmmnntruwmma_ummmm
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Table 2.10 Emission of toiuene, xylene and 1,3-butadiene relative to those of

benzene determined in the present study compared to those reported in

a recent study of the Sydney Harbour Tunnel {Source : Duffy et.al, 1998)

Ratio to Benzene

Toluenc  Xylenes 1,3-Butadienc

Pre-1986, ne-lp cars 1.73 1.18 0.13
Worst 10 post-1985, cc-ulp cars 17 1.30 0.11
All 56 post-1985, ce-ulp cars 1.48 1.11 0.09
Better 46 post-1985, ce-ulp cars 1,30 0.96 0.06
Sydney Harbour Tunnel study 1.79 1.29 0.21

(Duffy and Nelson, 1996)

The emissions of all four target compounds were found to be
significantly lower when unleaded petrol was substituted for leaded petrol. The
greatest percentage emission reductions were observed for the CT phase,
ranging from 25% for 1,3-butadiene to 35% for toluene. Emissions averaged
over the 3 phases were reduced by 10% for 1,3-butadiene and by 16-18% for
the aromatic compounds. Per vehicle total (heat build and hot soak)
evaporative emissions of 1,3-butadiene, benzene, toluene and xylenes from
pre-1985 vehicles during the Sealed Housing Evaporative Determination tests
were 36, 646, 679 and 260 mg pertest, respectively. Corresponding values for
the post-1985 vehicies were much lower at 14, 76, 131 and 65 mg per test,
respectively. Heat build evaporative emissions of the four air toxics from pre-
1986 vehicles were greater than those from the newer vehicles by factors
ranging from 2.8 for 1,3-butadiene to 16 for benzene. The corresponding
values for hot soak emissions were 1.8 and 5.2 respectively.(table 2.11 and

2.12)



Table 2.11 Per vehicle exhaust emission of benzene, toluene, xylene and 1,3-butadiene from 9 pre-1986 vehivles when fuelled with
either lead or unleaded petrol (Source : Duffy et.al, 1898)
Benzene Toluene Kylenes 1, 3-butadiene

Petrol CT - s HT AYG ADR CT [ o] HT AYG ADR cT s HT AVG ADR CT Cs HT AVG ADR
Average LB 216.7 135.5 1168 146.6 4183 2340 2035 262.6 279.7 1668 141.3 1827 18.9 16,4 1.5 155
Std 1542 337 190 45 29531 598 393 §24 1410 479 319 54.3 126 719 93 8.7
Average ULP 143.7 123.2 106.2 1228 2699 2103 [83.6 215.6 1930 1476 (243 150.6 14.1 159 10.4 14.0
Std 360 371 227 0.8 738 652 458 539 498 464 | 43 419 78  ae @7 72
% reduction using ULP 34 9 9 16 35 10 10 13 31 12 12 18 25 3 g 10

LS



S8

Table 2.12 Heat build and hot soak evaporative emission (mg/test) of benzene,
toluene, xylene, 1,3-butadiene for 4 pre-1986, nc-Ip and 8 post-1985, ce-

ulp vehicles (Source : Duffy et.al, 1998)

Compound Heat Build Hot soak Total

Mean Std Mean Std Mean Std

Pre-1986, ne-lp cars

Benzene 365.2 199.6 280.5 102.3 645.7 188.4
Toluene 334.8 77.6 3437 127.1 678.5 78.7
Xylenes 96.6 34.6 163.0 9.1 259.6 104.0
1,3-butadiene 26.5 17.1 9.2 4.0 35.6 19.2
Post-1985, ce-ulp cars
" Benzenc 224 17.1 53.7 438 76.0 520
Toluene 343 243 962 48.0 130.5 59.1
Xylenes 17.3 111 47.8 19.4 652 25.3
1,3-butadiepe 9.4 7.6 50 7.9 144 99

Nelson and Duffy (1984) investigated the non-methane hydrocarbon
(NMHC) compositions of the exhausts from 67 vehicles in “on the road”
condition and driven through an urban driving cycle on a chassis
dynamometer, on their research in Australia. The major components were
ethylene (11.2% w/w of NMHC), toluene (10.2%), acetylene (8.7%), m,p-
xylenes (6.5 %), benzene (6.0%), propylene (5.0%) and i-pentane (4.8 %).
These compounds have also been reported as significant components in the
exhausts from two similar populations of American vehicles. The NMHC
compositions were found to' be insensitive to the mass emission rates of
hydrocarbons from the vehicles, except for the combustion-derived olefins,
ethylene’ and propylene, which were affected by engine modifications
introduced to satisfy emission control requirements. A close relationship was
found between petrol composition and exhaust composition but this did not
correspond simply to emissions of unburnt petrol. The aromatics are enriched
relative to the alkanes in exhaust when compared with their proportions in the

petrol. The results of their study are shown in table 2.13.



Table 2.13 Average exhaust hydrocarbon compositions (%w/w NMHC)

for Sydney vehicles (Sourcé: Nelson and Quigley, 1984)

Composition (each vehicle Composition
equally weighted) (weighted according to

Hydrocarbon Average Standard deviation vehicle emission rates)
Ethane 1.4 0.5 1.2
Ethylene 11.2 32 10.1
Acc(y]cnc 87 2.7 8«9
Propane 0.1 0.1 0.1
Propylenc 5.0 1.6 4.4
Methylacetylene 0.4 0.3 0.4
n-Butane Lal 0.6 22
i-Butane 1.0 0.3 1.1
I-Butene 0.9 0.3 0.8
[-Butene 1.4 06 1.2
trans-2-Butene 0.6 0.4 0.6
cis-2-Butene 0.5 0.2 0.4
n-Pentane 3.0 0.7 13
i-Pentane 48 0.9 3
Cyclopentane 0.4 0.1 0.4
1-Pentene 0.2 0.1 0.2
trans-2-Pentene 0.3 0.2 0.3
cis-2-Pentene 0.3 0.2 0.3
2-Methyl-1-butene 0.3 0.2 0.3
2-Methyl-2-butene 0.5 0.2 0.5
n-Hexane 1.9 0.4 2.0
2-Methylpentane 2.3 0.4 2.4
3-Methylpentane 1.6 0.3 e
2.2-Dimethylbutane 0.3 0.2 0.4
2,3-Dimethylbutane 0.6 0.1 0.6
Methylcyclopentane 1.0 0.2 1.0
Cyclohexane 0.6 0.2 0.6
C, Olefins 0.7 0.2 0.7
Benzene 5.0 0.7 49
n-Heptane 0.8 0.2 0.9
2-Methylhexane | 0.3 1.6
3-Methylhexane 1.2 0.3 1.3
2,4-Dimethylpentane 0.3 0.1 0.3
Methylcyclohexane 0.6 0.2 0.6
Other C, cycloalkanes 0.3 0.2 0.3
Toluene 10.2 0.9 10.2
n-Octane 0.4 0.1 04
2,2,4-Trimethylpentane 1.0 0.4 1.0
Other C, alkanes 32 0.7 32
Ethylbenzene 1.9 0.2 1.9
m,p-Xylenes 6.5 0.9 6.7
o-Xylene 2.5 0.4 25
n-Nonane 0.2 0.1 0.2
Other C, alkanes 1.7 0.4 v.T
n-Propylbenzene 0.4 0.1 0.5
i-Propylbenzenc 0.2 0.1 0.2
1,2.4-Trimethylbenzene 1.9 0.3 2)
1.3,5-Trimethytbenzenc 0.7 0.1 0.8
m.p-Ethylioluenes 2.0 0.3 2.1
o-Ethyltoluene 0.6 0.2 0.6
n-Decane 0.4 0.1 04
Other C,, alkanes and

aromatics 0.9 0.4 0.9

C,, and C,, alkanes and o
aromatics 3.6 1.1 ’ 3.6




Brocco et.al (1997) investigated the types and amounls of aromatic
hydrocarbon in urban air of Rome. Aromatic hydrocarbons were measured in
Rome during 1992-1993 by means a differential oplical absorption
spectrometer (DOAS) and an automatic gas chromatograph (VOC analyzer).
The mean distribution of aromatic hydrocarbons was: benzene 12.6%, loluene

35.4%, and remaining species 42%. 'I'h? mean yearly concentrations of

toluene (128 and 138 Mgm }wera 2-3 tima&fu@ﬁer than those of benzene (40
. <
and 47 [.l.grn'J}. The higyst-=-cnncen!‘ tions of aromatic hydrocarbons were

r
measured durng the sla( winter period. The diurnal behavior of aromatic

hydrocarbons sugge ﬁmibr ES;hEH!St emissions are their dominant
source. The difterent reactivities "f benzane and toluene during photochemical

lls of their study are shown in lable

/lé‘ 4

Table 2.14
Y
(Source : B‘rml_ccu etal, 1997) ~
{
- A
Allcanes pgm? Alkencs pm? Aftimaticy pEm
Erhane 128 Fihene s nrenc f o
Propbe 134 Mrapene 180 'i.'::i';ur."nr ﬂ%:
i Fatane 309 1-2-Butese LY Etbylbenzens 176
p-Butans 155 1-Butene il e g Xyl e b2 1.1
Cyclopentane a5 i-Butene 17.2 o-Xylene 251
1-Methyl butanc T44 c-2-Bulene 19 L3 5-Tomethylbenzene Ez-r.
a-Penlane 213 1.5-Burtadwne 46 .2 4-Tomethylbeneene an
sMethyl-cyclopentane 127 -Methyl-1-butene 10 1.2} Trmethylberzene 52 M
Cyclohexane 11 i-2-Penlene b -
2-Methyl pentanc I3 2-Methyl-2-butene L4
L.Methyl pentane 19.3 I-Fentene 1.3
s-Hexane 158 2-Methyl-1-butene [
1, 5-Metiyl hexane ) e-2-Pentene 0 126%
a-Heptane 945
pOetane 32 B

Acetylenc 32 1%
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Figure 2.5 Mean diurnal concentration of aromatic hydrocabons In Roam (Source :

Brocco et.al, 1997)
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Figue26  Average monthly conceriirations of benzene and toluene in Rome during
19921993 (Source : Broceo atal, 1997).

Candeli et.al (1974) investigated the caréiﬂngania air pollutants in the
exhaust from a European 7car operating on various fuels. The influence of some
fuel variables on ‘polycyclic aromatic hydrocarbons (PAH), emission was
studied. The fuel variables taken into consideration ware: tetra-ethyl:lead (TEL)
content (0 and 063 gl''); Tuel aromaticity (0, 6 and 48 per cent) @nd type of
aromatic at constant total level of aromatics (benzene, xylene and

hydrocarbons with 9 and 10 carbon atoms). The resulls are shown in table

2.15 and 2.16.




Table 2_,' 15

Physical constants and fuel|

Phssieal nnd chemical
propertiics
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"j.
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|ASTM D 323)
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gim®
PeCHL M2

[ASTR I3 J6tHE)
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Argmatics (", vol)
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TASTM D 1314}
Purallins (", vol)

(ASTM D139

{ASTM I 1298)

0.472
0 A1
04k

LR
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]
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i Sensitivity—DifTerence berween Nnnhiﬁ
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Table 2.16 Composition of the aromatic component of test fuels (C.D.E and F) at
constant total aromaltics (Source . Candeli et al, 1974)
c 1 Eq Ft
Compounids {3 wul ) i FA }o}l 4 (3 wal ) {2 volj
Berzene 1.04 4131/ 039 042
Toluene i // 0.28 0l4
Eihyl-benzens ™ oo 008
para-Xylene 2 . ”?;l? o2
m::].-.‘.(xyl.ll:nr ‘ MR 036
artha-Xvlene
iw-Propyl-benzene %ﬁ» E ?;
- Propyl-benzene 006 136
1L plus |:4-methyl bensene 027" 214
-3 5 Trimethyl-benzene e Thd 127
I:2-Methyl-ethyl-benzene 5 006 247
1:2:4-Trimethyl-benzene 3 ¥ 0 1235
1:3-3-Trimethyl-benaene = 004 31
Aromatics Cyp . - 024 1331
> 4
* Fuel with commercially typcal distillation cu “
t Synthetic fuels W
+ Aramatics 48 per ¢ent, paraffin 52 per cent, ;7.'" 4
L9 N
€
AA‘J ;’jd
D

ment _,furupean cars (1608
cm’) and without da;)déjts in the combustion chamber:
) u

The resull=iobtained show thatilisnot possikie to,generalize aboul the
effect of TEL on PAH emission: in two cases the addition of TEL reduced and
in one ‘case\ it increased \the PAH lemisSion.” Indreasing lfuel ‘aromaticity
increases PAH emission, but these results apply only to the three leaded
tested fuels, and not to the same fuels unleaded. In three synthetic unleaded
fuels at constanl lotal aromalics the lype of aromalic present strongly affecled

the PAH emissions: it seems that simple aromatic hydrocarbons, such as

benzene or xylene, produce less PAH than C, and C,, hydrocarbons.
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Moschonas and Glavas (1996) investigated the C,-C, hydrocarbons in
the atmosphere of Athen, Greece. A fifty-seven C,-C,, paraffins, olefins and
aromatics were identified and quantified in the atmosphere of Athens in
samples collected in clectropolished canisters in the early morning hours of
summer months. Aliquots of air were cryocollecled in glass beads and
cryofocused prior to separation in a capillary column and analysed by GC-MS.
The aromatic fraction predominates with maximum benzene and toluene
concentrations of 19 and 39 ppbv, respectively. Through comparison with
NMHC emission profiles of other cities, it is inferred that vehicle emissions and
paint solvents are the two main sources of the observed NMHC. All results in

this study are shown in the table 2.17 and 2.18.



Table 2 17 NMHC In Athens and other urban centers, unit ppbv
(Source ' Moschonas and Glavas, 1996)

P

Hvdrocarban

Fibging

Lihylene

Acetylene

Propylens

Propana

Izobuian:

Twobutens + |-hutenc
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n-Fenlane
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}-Hexene
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]—“Hhﬂ !!
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trans-J-Hexene
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Hentens
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Decanc ﬂ& l1!| &9 3«1 08-50
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1-Ethenyl-2-methyl-benzene 0w 0E-1.0
|-Methyl X propyl-teazene 13 oM
2-Diethyl-benzene 21 07-1%
1-Methyl-I propyl-beazens 04 0.3-04
2.Eihyl-1, 4 dunethyl-benrene (] 1.6-20

Sum of parallint, pplsT 21.0 13306 2%01 13 35138 2132 5696704
Sum of oleling, ppbC 5% 169 1004 31K 14349 282 17749
Sum af arcmatics, pphiC M4 1502 1648 AR AT, 4151 GYR-11243
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Table 218 Meteorological data and related air pollutant concentrations measured

during the hour of hydrocarbon sampling (Source . Moschonas and

Glavas, 1906)
o NO, Wind speeid ENMIC
Fxne L) (it fm s '»} Whind direviion {pphay

Juize Y L
1mn L |

1 in

12 4%

May & 449
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9 o
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N
The article from hnhiimnu
by Hanus-llinar A., Hrabcik“V Wiem, concerning about “Ambient air

enein 4 B BRI T St o
A v

Ambient air concentrations of benzene, toluene and xylene (btx) —

Summary :
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Due to its cancerogenous character benzene, a highly volatile aromatic
hydrocarbon, nowadays becomes increasingly important in environmental
studies. Compared to benzene, toluene and xylene, the simplest methylated
aromatic compounds, are less toxic but however being functionally ozone-

precursor substances they can have a harmful effect on the environment.

Benzene emissions are mainly caused by vehicle exhaust. The exhaust
gas consists of both benzene as an unburned fuel component as well as
benzene being a dealkylation product of substituted aromatic hydrocarbons.
Toluene and xylene constitute the highest amounts of hydrocarbons. Therefore
the reduction of the content of benzene and other aromatic compounds is

under discussion all over Europe.

Measurements of ambient air concentrations of benzene in the urban
area of Vienna in 1992/93 showed that the planned limiting value for the
ambient air concentration of benzene was exceeded at several measurement

points.

Based on these results the Austrian Federal Environmental Agency in
co-operation with the Federal State Authorities realised a national measuring
programme in _order to register the ambient air concentrations of these
aromatic hydrocarbons. The programme included 44 sampling locations with
different air pollution levels (low polluted, near traffic, petrol stations). At 26
sites sampling took place all over the year as continuous series of two week
expositions. This proceeding was necessary to get annual means for the
planned limiting value. At most of the sites the measuring height was 1.5

meters above ground. Additionally, at two sampling sites measurements at a
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higher exposition level were carried out in order to obtain information about the

vertical distribution of btx-concentrations.

The method used in this study was passive sampling. This is an
effective and low-cost method for long-term control of ambient air poliution. At
each sampling site sorption tubes with activated carbon were exposed during
a period of two weeks. Then the tubes were sent to the laboratory of the
Austrian Federal Environment Agency for chemical analysis. For gas
chromatography the substances that had adsorbed and concentrated on the
activated carbon, were desorbed in liquid carbon disulphide. The results of

GC-measurements are mean values for the exposition time (14 days each).

The 14-days means at those sampling sites characterised by heavy
traffic, ranged from 5 to 20 [.Lg/ms, with a maximum value of 28 pg/ma. At rural
sampling locations the 14-days mean values of benzene were about 2 pg/mg,

during the winter month they partially reached 5 M,g/ms. The concentrations of

toluene and xylene carrelated with those of benzene.

These 14-days mean values were used for calculation of the annual
mean value. The results showed, that at five out of 26 sampling sites the
planned limiting value of 10 },IJg/m3 for ambient air concentrations of benzene.
The respective relations of the single aromatic compounds at the sites close to

heavy traffic remained constant during the year.

An increase of concentration of aromatic hydrocarbons was observed
at many measuring sites during the winter month. The seasonal tendency was

distinctly marked at sampling sites near heavy traffic in the urban area of Graz,
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whereas in Vienna no increase of btx - concentration was stated during the
winter month. The same phenomenon already existed during the measuring
period 1992/93. In Vienna the annual mean value did not show any
considerable variation compared to 1992/93. Only at one single site an
insignificant decrease could be detected. As already indicated in previous
investigations the concentrations of btx decreased with increasing measuring

height.

And many articles from internet are shown in the appendix A in this

research.
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CHAPTER 3

EXPERIMENTAL INVESTIGATIONS

3.1 Materials for sampling collection

1. 20 liter Tedlar bag as sampling bag

Black plastic bag

W

Purified nitrogen gas (N,) (99.999%)

S

Temperature detector

Vacuum box

o O

Air pump
7. Teflon tube
8. Moisture trap scrubber with Magnesium perchlorate (Mg(ClO,),)

9. Three ways valve

The materials pictures in this study are shown in figure 3.1 and 3.2.

3.2 Motorcycle

In this experiment, 44 samples of two and four-stroke motorcycles were
studies. All of these motorcycles have displacement size of 100-150 cc. They
are classified into three groups. The first group is new motorcycles with less
than 5 years old. The second group is moderate age motorcycles with 5 to 10

years old and the last group is old motorcycles with more than 10 years.



Flgure 3.1 Materials for the study . Tedlar bag, black plastic bag, molsture trapped

scrubber, temperature astecior, syringe, clamp holder and air pump

Figure 3.2 Materlais for the study and gasoline sample

72
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3.3 Exhaust of motorcycles

For exhaust samples, The exhaust of motorcycie was collected at idle
condition only. Three air pollution parameters Benzene, Toluene and Xylene
(in form of total Xylene that includes ortho-, meta-, and para- form) were
analyzed. All of the concentration of Benzene, Toluene and Xylene were
calculated in both Part Per Million (ppm) and Milligram per Cubic Meter

(mg/mg) units.

3.4 Fuel

The fuel used in this study was unieaded gasoline that included the
octane number both 91 (regular grade) and 95 (premium grade). The brand
name of gasoline was not fixed and depended on each motorcycle used in its

fuel tank.

3.5 Sampling method

3.5.1 Exhaust gas sampling

The exhaust sampling was collected at idle condition. Before each
sampling and measurement, the motorcycle was warm up for at least 10
minutes and temperature at the end of exhaust pipe not less than 50 c. A

vacuum box for exhaust gas sampling is shown in Figure 3.3



T4

Figura 3.9 Wacuum Flos

The Tedlar sampling bag, was washed by purifiec N, (95.998%) at least
3 times before used. The exhausi sample was pumped into 20 liter Tedlar bag
that was also covered by a black plastic_bag to pravent an occurrence of
photo-oxidation reaction.” The exhaust gas collectiorf instruments were

operated as follows:

1. The end ol Tefion tube and temperature detector had to be ynserted
deaply o the \exhaus! pipe and thé/other and of-Teflon \tube was

connected with the moisture scrubber.

2. From the scrubber, the Teflon lube was connected with three ways

valve, From ecne end of the valve. it was connected with sampling
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bag in vacuum box, while the other end was separated from the
vacuum box.

3. The bottom of the vacuum box was connected with an air pump.

The collection of exhaust gas sample procedure is

Step 1, Stopcock 1 is closed and stopcock 2 is opened while the
vacuum pump is operated. The air in the box is evacuated so that a vacuum

condition occurs in the box.

Step 2, Stopcock 1is still closed, while the stopcock 3 is opened to
ventilated the exhaust gas from tailpipe until the temperature of exhaust gas

from tailpipe is reached 50 e

Step 3, Stopcock 3 is then closed while stopcock 1 is opened
immediately. (The stopcock 2 is remain opened to continue the vacuum
condition in the box). -Then, the exhaust gas from tailpipe flow into the bag

immediately by the vacuum force.

Step 4, After the exhaust gas is collected for approximately 5 minutes
or the volume of exhaust gas in the bag-is about 10-liter, stopcock1’and 2 are
then closed respectively and then the air pump is off. The bag is taken out for

an analysis in the laboratory within 3 hours after collection.

The diagram and picture of exhaust gas sample collection using

vacuum box were shown in figure 3.4 and 3.5.
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Figure 3.4
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3.5.2 Gasaline sampling

The gasoline sample was collected by using a plastic tube to withdraw
the gasoline from fuel tank directly and approximately 5 mi of sample was
collected and then kept in the refrigerator at 20 °C for laboratory analysis

later.

After sampling, the exhaust gas sample in the Tedlar bag and the
gasoline sampie in vial were brought to the laboratory for the analysis of
Benzene, Toluene and Xylene concentration by Gas Chromatography with
Flame lonization Detection (GC/ FID). This process took about 10 minutes for

each bag and about 25 minutes for each gasoline tube.

3.6 Instrument for sample analysis

Concentrations of Benzene, Toluene and Xylene were analyzed by Gas
Chromatography (figure 3.6). The experimental conditions of this study are

shown below ;

1. Brand of GC Hewlett — Packard 5890 series I
2. Column DB-1
3. Carrier gas Purified N, (99.999%)
4. Temperature program 3OOC, hold for 2 min.
10°C per min.to‘lOOOC, hold for 1 min.
5. Temperature at injection port 200°C

6. Detector Flame ionization detector (FID)

(heat to 300°C)



7. Exhaust gas sample used 1 ml
8. Gasoline sample used 1wl
9. Standard BTX used 1 ul

Figure 3.6 Gas Chromatography

3.7 Preparation of standard solution

All reagents that used in this preparation were AR (Analytical reagent)
grade. First, the standard solution was prepared by adding 125 u Benzene
(C,Hp). 75wl Toluene (C,H,CH,) and 50 w Xylene ((CH,),C,H,) into the 250
ml Acetone (CH.COCH ). Then, itis mixed by hard shaking, and keep it in the

refrigerator at 20 c.
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3.8 Calculation

The concentrations of Benzene, Toluene, and Xylene in the motorcycle
emission samples and gasoline samples were measured with a Flame
lonization Detector (FID) of Gas chromatography (GC). The standard
solutions, which contained Acetone 250 ml, Benzene 125 nl, Toluene 75 wl
and Xylene 50 w, had a total volume of 250250 wl. The volume of 1 Wl
standard solution, 1 pl gasoline sample and 1 ml exhaust gas were used for

calculation of each substance concentration.

When the standard solution or samples were injected into the [njection
port of Gas Chromatography (GC) at temperature 200 ‘c. Al hydrocarbon
components were evaporated immediately and moved into the column by the
carrier gas (N,) in the state of gas. After detecting by the Flame lonization
Detector (FID) the peak areas of Benzene, Toluene, and Xylene were
appeared ( known as the chromatogram ). The concentrations of each
substance in samples can be calculated by comparing with the known
concentration of standard solution. The calculation procedures are shown in

the appendix B.



CHAPTER 4

RESULTS AND DISCUSSION

4.1 Background information

In this study, 44 samples of 2 and 4-stroke motorcycles have been
selected and tested. The motoreycles were classified into 3 groups based on
the ages of motorcycles. The motorcycles with aged less than 5 years old is
classified as new motorcycles, the ages of motorcycles in ranges of 5-10
years old is mederate age group, and the motorcycles which had ages more
than 10 years old is old motorcycles. The motorcycies from the car park
around the Chulaiongkorn University were selected by interviewing the
motorcycle owner. The Tedlar bag in the vacuum box was used to collect the
exhaust gas, from motorcycle at stationary idle mode. All exhaust gas samples
were taken to the chemical laboratory at STREC (Science and Technology
Research Equipment Centre) to analyze the concentration of Benzene,

Toluene and Xylene (as Total Xylene) within 3 hours after collecting.

Among the motorcycle used in this study, the moderate age and the old
of 4-stroke motorcycles are rarely found. Since of the 4-stroke molorcycles had
not been popular to the public. It is difficult to find the old 4-stroke

motorcycles. This is the main important problem in this study.

(n this research, concentration of the Benzene, Toluene, and Xylene
were investigated from the exhaust of different age group motorycles. The

concentrations of Benzene, Toluene and Xylene in gasoline tank from each
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motorcycle were also analysed. The emission comparison of 2 and 4-stroke
was to examine in this study. In addition, the effect of engine age on exhaust

pollutant was studies as well.

4.2 BTX concentration in exhaust emission

Motorcycle engines can be classified into 2-stroke and 4-stroke types.
The engine performance in 2-stroke and 4-stroke motorcycle engines is an
important factor on emission components, as 2-stroke engine tend to emit
much greater amounts of unburned hydrocarbons than 4-stroke engine of
similar size and power. 2-stroke engines also display markedly poorer fuel
economy than 4 -stroke, but tend to have higher power output, quicker
acceleration, and lower manufacturing costs. Because of its advantages in
performance and manufacturing cost, especially in Thailand, 2-stroke engines

are used extensively in motorcycies.

4.2.1 Concentration of Benzene

The results from the study indicated that the higher average emission
concentration of Benzene was found in old 2-stroke motorcycle group. It was
also found that, the average concentration of Benzene in new 4-stroke
moteorcycle group is the lowest when compared with others. The average
concentration of Benzene from 2 and 4-stroke motorcycles were 116.15 and

11.74 ppm. respectively.
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4.2.2 Concentration of Toluene

As the same as Benzene concentration, the maximum average Toluene
emission concentration was found to be 261.73 ppm of old 2-stroke
motorcycles, the lowest level of Toluene concentration was found in new 4
stroke motorcycle, the average was 29.00 ppm. It was discovered that the

older motorcycle emitted Toluene concentration higher than the newer.

4.2.3 Concentration of Xylene

Stmilar to thhe Benzene and Toluene concentration, the maximum and
minimum concentration of Xylene in exhaust emission were also found in the
old 2-stroke and new 4-stroke motorcycle group, respectively. The average

concentrations in both groups were 39.21 and 7.53 ppm, respectively.

The detail data of pollutant concentration emitted from motorcycle in this

study was presented in table 4.1



The detail data of BTX concentrations in exhaust emissions

il No | - Benzene Toluere - Ilhm Xylene :;
IF".__MZTs-troke 4-stroke i 2-stroke ! 4-stroke | 2-stroke [ 4-stroke
.' [ mom’ [ pom | mgm’ | ppm] mgm’ | pom | mgm’ | ppm | mom’ " ppm | mom ll ppm
" 1 18895 | 5915 | 7081 | 2210 | 47458 | 125% | 28936 | 7670 | 5285 | 1308 | 8204 | 1910
| 2 | 24865 | 7783 | 9582 | 2099 | 66277 | 17590 | 35232 | 9350 | 9484 | 2184 | 6795 | 1568 |
3 | 60946 | 19076 | 10477 | 3279 |1112118 | 20517 | 36856 | 9781 | 15167 | 3497 | 12380 | 2853 |
4 | 38238 | 11960 | 14867 | 4653 | 94635 | 25116 | 39420 | 10462 | 16114 | 4172 | 9782 | 2253
o s 43480 | 13512 i | X [|iwosar]2e7e0 | x| X 18341 | 4224 | X | X
' 8 | 44636 | 13971 X 136452 36247 | X | X [ 2552|5879 | X | X __,
7 | 28880 | sos0 [ X (133438 | 3414 | X X | 24248 586 [ x| x
" Mean | 37100 | 11615 | 10457 | 3285 | 93617 26173 | 85141 | €318 | 17027 | 3621 | 3916 | 2145
BCRE 14255 | 4462 | 3252 | 1018 | 32682 | 8726 | 4483 | 1184 | 6633 | 1527 | 2383 | 548 |
O SE | saer | 1686 | 1626 | 500 | 12428 | 3208 | 231 | 502 | 2507 | 877 | 1191 | 272 |
| Renge | 42047 | 13161 | 7806 | 2643 | 890.03 i 23621 | 10484 | 2782 | 17241 | 3970 | 5589 | 1287 |
| variance | 208208 | 189091 | 10%}1 10367 | 108122 | 761583 | 199201 | 14031 | 439965 | 2337 | 56802 | 3013 |
Rewnmark 5« Hodus
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Table 4.1 The cetall data of BTX concentrations in exhaust em sions
No. ! : -_Eenzene TI W Toluere Xylene
I 2~strg‘ke;- | __4_sgfoke | A ;gdt-;e ' 4-stroke 2-stroke !- 4-stroke
I | mom’ | pom | mom’ | _pom f mgif;gr_ripf_”_ R | pem | mgm’ | ppm | mgm’' | ppm
Y| 37744 | 118.14 | 5497 | 4720 | 72554 | 19255 | 16740 | 4442 | 3347 | 7710 | 5398 | 1243
[ 2 |2551g? 7987 | 1819 565 !585.—3;!7_"%-15 | 6209 | 1648 ' 7477 17.22 12.18 280
3 21546 | 6744 | 331 | 2020 | a7z | 10014 | 18575 | 4020 [ mais | 1037 | 2811 | 647 |
» 5 e [ me ] — 25-9-0_-.;@,_ 35 | 20737 | 12802 | 3397 ; 17260 | 3975 | 2623 | 673
e U ; 4783 | 14971 | 17345 | 5429 | 111325, | 28545 | 33664 | 89.34 | 19562 | 4505 | 5112 | 1177
e (C | 437 21 13685 1529&1 5009 | 08826 | 26883 | 15004 | 3982 | 22411 | 5161 | 3033 | 698
. T | 26861 | 9346 | X | 75613 d200.67 X X 114.50 26.37 | X X
! a3 | 12626 | x o808 | 26223 X X 14525 | 3345 | X %
| ' 28;02 I 89 52 X X ] ?84_.;4’_ 208.25 X X 116.17 2675 X X
T a0 | 43949 l EIE "Ej:j_gilﬁ::zss.ae X x | te67 | 3838 | X X
| Mean | 34670 | 10855 | 9760 | 3055 | 2801 | 219.75 | 17165 | 4555 | 13273 | 3057 | 3416 | 786
é 8B 'T—;{}; | 28 52 '55'5'2_"' igg‘—?_‘gg‘eg 6361 | 9144 | 2427 | 5905 f 1360 | 15.74 362
SE | 2882 | 902 | 2479 1|1 704 11 seel/| 2091 N %ras)[ 1000 | 1867 | 430 | 642 | 148 |
T Range | 26284 | 8227 | 18525 | 4850 | 73590 | 19530 | 27454 | 7285, | 19063 | 4390 | 4180 | 962 |
| Variance 1830695 | 81267 |3s?5.:is 360.13 5?_4f:f-_'o:_ 404637835237 580,01 (| 3467.06 | 184.96 | 24789 | 1314 |

Remark  x < ngsute
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Table 4 1 The detail dats of BTX concentrations in exhaust emissions {continued)

7>
! | No. Benzene \ r//{ﬂhﬂﬂc ' Xylene
I 2stroke | 2fhoke——=t"" sswoke | 2stoke 4-stroke
| | mgm’ | ppm Bpm ﬁ;:m‘ pom | mym’ | ppm | mgm' | pem
N 25257 | 79.09 18261 { 14948 | 3967 | 15147 | 3488 | 3208 | 739 |
| 2 26700 | 8357 | 26100 10172 | 2899 | 22150 | 5101 | 3250 | 748 |
3 22384 | 70.00 || 18607 13482 | 3580 | 19540 | 4500 | 5571 | 1283
| 4 2793 | 87.45 1l1see0 | 8876 | 2302 12706 | 2026 | 2832 | 652
| 5 25587 | 8009 \'1otes | 8804 | 2336 | 13134 | 3024 | 4111 | 948
.6 34923 | 10931 ;45 | 18650 | 4549 | 13985 | 3220 | 3862 | 843
7 28655 | 8969 3588 | 1746 | 463 | 3642 | 839 | 458 | 105
New!™ 3 24087 | 7539 48l x | x |7 | 833 | «x X
i s 252.34 i 78.98 4=, 48 | 22878 L %5 x 12442 | 2865 X X |
| t0 25127 | 1865 | x f- x| 0944 | 24138 | x| x | 13478 | 3104 | X X |
" Mean 26588 | 8322 | 3751 |.N174 | 72656 | 19282 | 10827 | 2900 | 12964 | 2000 | 3299 | 759
. sD | 3438 | 1076 | 1255 | 392 | 20222 | 5367 | 5428 | 1440 | 5653 | 1348 | 1541 | 354
|_—- SE " 1087 - 340 474 7117148 || B33/ ’169? 30'51'_' 544 1850 i 4.26 582 | 134 {
| Range | 12550 | 3931 | 4118 | 1280 | 67651 | 17954 | 16903 | 4485 18533 | 4268 | 5112 | 1177
| veriance | 118218 | 11582)[ (8756}, 1543 1208538 Lmnfaaﬁm 20757 ({42578 | 18171 | 23750 | 1259 |
Remark 7 - Nodata
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The results in table 4.1 showed that the old 2-stroke motorcycles had
average Benzene, Toluene and Xylene emission concentrations of 116,15
ppm. 261.73 ppm. and 39.21 ppm respectively. While the moderate age 2
stroke motorcycles had average Benzene, Toluene and Xylene emission
concentrations of 108.55 ppm, 219.75 ppm and 30.57 ppm respectively. The
last group of 2-stroke motorcyeles, new mci{oﬁ;fcjas had Benzene B83.22 ppm
. Toluene 192.82 ppm and._Xylene 29.90 ppm in the exhaust.
|

The emission of ny.l{ubk& mutsrcyclas contains Benzene 32.85 ppm,
Toluene 93.18 ppm and x’iﬂena 214 ppm While, the moderate age 4-stroke
motorcycles had Ben'r'a/na/ﬂﬂ.ﬁﬁ ppm \'oluena 45,65 ppm and Xylene 7.86
The n

ppm in exhaust. ﬂ-slrokﬂ mw.qrc:yc:ins had concentrations of

Benzene,Toluene and Xyleng in axhaust hl‘mch were 11.74 ppm, 29.00 ppm

' 4 / ’
and 7.59 ppm respectively. Thé ayerage mémn concentrations of Benzene,
J
Toluene and Xylene bised on age and engm& typaa ar&shuwn in table 4.2.

J

4.3 Concentration of BTX in gasoline

\ / ;J
Table 4.2 Averages cun:‘.entraimnz of BTX 1
| Py — o Q) ‘ [ W an Y ————
Ages of motorcyclé \| [, Benzene(ppm) T‘ﬁluene_(ppnﬂ Xylene{ppm)
2-stroke | 4-stroke| 2-stroke |~#-stroke | 2-stroke | 4-stroke
~ Oid 11615 | 3285 ) .261.73 || 9318 | 3021 | 2145 |
Moderate - 108.55 30.55 219.75 4555 30567 786 |
New 8322 | 1174 | 19282 | 2000 | 2990 | 759 |

The detail data of BTX concentration in gasoline is illustrated in table

4.3




Table 4.3 The detail data of BTX concentrations in exhaust and gasoline

No. Benzene (ppm) Toluene (ppm) Xytene (ppm)
N 2-stroke 4-stroke 2-stroke 4-stroke Z2-stroke 4-stroke
exhau?-rgasoline exhaust | gasoline | exhaust | gasoiine | exhaust | gascline | exhaust | gasoline | exhaust | gascline
| 1 589.15 | 138308 | 2210 | 139227 | 12595 | 748234 | 7679 | 806875 | 1908 |385244 | 1810 | 352178
| 2 77.83 | 869602 | 2999 | 1163828 | 17580 | 178217 | 9350 | 743079 | 2184 | 427175 1566 | 420386.3 |
3 190.76 : 172395 | 3279 | 129889 | 29517 | 889158 | 97.81 | 881715 | 3497 | 407104 | 2853 | 45319.0
i 4 119.69 ! 952050 | 4653 | 7413.11 | 251,16 | 786748 | 104.62 | 635152 | 4172 |396299 | 2253 | 453513 |
- ,_ 5 136.12 ] 13805.2 X X 267.60 | 73918.3 | X X 42.24 ‘ 357076 X |
6 13871 | 158761 X 362.17 | 852429 X X 5879 | 15136.7 | X
1 89.80 | 9235.24 X X 354.14 | 105146 X X 55.84 | 56854.9 X
| Mean - 116.15 | 126005 | 32.85 [ 114896 | 26173 | 749347 | 8318 | 766705 | 39.21 : 384688 | 2145 | 418811
! =R 44.65 ! 344654 10.18 [ ZB7IE T2 | 726 | 273558 | 11.84 | 104411 1627 | 123456 548 4769.52
: g;_ 16.86 130‘?;6? 5.08 i 1437.86 | 3298 1073;10 | 5.92_ L 5220.57 8577 ' 4666.20 2.74 238476
| Range 131.16 : 854350 | 24.43 ! 650059 | 23621 | 87324.4 | 27.82 | 246562 | 39.70 417181 | 12.87 | 101334 |
Remark: X - Nodata
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Tavie « 3 The detaii data of BTX concenirations ir exhaust and gasoiine (Continuea!
No r__ Ben;ene (ppr—:) - T ‘u:l‘ofuene {(ppm} B Xylene {ppmr_ o
|I | _ — _— - = e IIL —— e
- | 2-slreke 4 strfke : 2-strioke | 4-5_1*E>ke . _E‘;gtroke | 4-srmke
:xh;J;t_ ;::E-:«‘.oTrle,r exhaust l gase!t"le ‘ exhaus! gasmineI exhaust | gasolneTl exhaus! | gasghnei ﬁxha:sl | gasohu
BE 11814 | 263107 | 17.20 | 985166 | 19255 | 138687 | 44 42 ft>04599 | 771 [ romen | 1243 | 5est50 ]
2 | 7987 |416972| 569 |133447 166 15 ?52140! 16.48 57437o7l 17722 480454 | 280 | 308553
.3 | 6744 | 1550??@5_%50—553 10014 | 851675 4929 | 776485 137 1470769 | 647 | 173164 |
go |4 | 8663 167930 | 2590 | 143863 20737 | 100583 | 3357 | 807561 | 3875 | 179920 | 673 | 260607
—_— .l 5 || 14971 | 1g98_1.1_'5_*_ 5425 4092.27_;_2?5.45 118745, I__ E;‘E’A |7652‘é? :5_-(:6_ |'2651§-_Jl?? 1 433807
;_ 6 | 13885 !76?2 26 | s09e | 147657 | 20880 | 1332% ,%g;*"’_?_"ﬂ f_{:5161 (837069 | 698 | 374102
7 | o345 |eans| x| x = |/z0067 |9616-Boi X | x i 2637 '235:1_&.____3 | x
8 | 12625 140096 X | X | 2627 |08%35| x | X | 3345 245 | 470710 £ | &
s [ ees2 [1zss71] x [uox |oos2s [70e108] x x | 2675 (336020 X | X
10 | 19756 |1 17885 | X | X | 26586 608540 3 x| 3%?_*51_&1_-2' X | X
Mean | 10855 |12450.1| 3055 | 120537 | 21975 | 979320 | 4555 aaazos' 3057 | 352389 | 736_L3‘.3£‘56::J.
= 2852 502133 | 1897 | 434226 | 6361 |26ﬂ92_§_l_gi47 (571748 |+_1360 | 221274 | 3_62_t£7722_.
S | 902 lierzas| 774 ;q77272/|, 2041 /825118 | 900 l2833414 | 430 699730 | 148 |562252 |
. Range i 8227 2?6%_\_;_#435_9 112163 | 11850 lZTB332[ 7286 || 160961 | 43 %0 | 721159*5] gegﬂlg_é_@:
Remark < tis dat
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Table 4.3 The detall data of BTX concentrations in exhaust and gascline (continued)

/
| /7
| No. L Benzene (ppm) R, : f‘l’;ﬁ?ﬁ {ppm) 1 Xylene (cpm)
|. l—— 2-stroke 4stioke | 2choke | 4-siroke 2-stroke 4-stroke :|'
: ﬂm[nasnlina exhaust | gasolife. réumﬂ gasoline | exhaust | gasoline | exhaust | gasoline | exhaust | gasoline
|: 1| 7908 | 172268 | 1321 fﬂ; Aso [ 110612 | 3667 [e44861| 3408 |348435 | 739 (289122
2 | 8357 |13e27| 1137 % | 25100 [e0ea7s | 2699 | 119062 | s101 [352178 ] 748 [535004
3 [ 7000 188191 1293 Eﬁ:pu 3580 | 671034 | 45.00 | 279322 | 1283 | 299841
4 6745 | 148152 | 1269 18480 | 747243 | 2302 | 100861 | 2926 | 221005 | 652 | 393829
|5 | so0s 187113 969 o83 19185 970547 | 2836 | 676022 | 3024 | 165078 | 946 | 357037
Newi 6 | 10831 | 111877 | 17.58 975 44 ___’ “"77‘1 4049 | 568388 | 3220 | 425427 | 843 3585?._81
| 7 8959 | 132827 469 | 100773 | 13586 | 744620 463 |S84176| 835 | 260039 | 105 | 376238 |
|8 7539 182757 | X |\ X | 8145 788754 X .| X | 833 |211e72 X X |
8 | w8 |154194f X | A—22676- 16380 K || X | 2865 | 190006 X X _-1|
|0 | 7865 164720 | X | X | 2413 |e7e8s1| x. X | 3104 |201679  x | x |
Mean | 8322 151833 | 1174 | 113352 | 19282 | 652365 | 2800 | 823103 | 2050 263344 | 750 | 374578
. s 1076 | 210191 | 392 | 407217] 5367 | 11141111440 | 226320 | 1348 861499 | 354 | 609672 |
f__ SE_ | 340 |eoeees | 148 | 163913/ 597 | 35215 | 1544 | 85409 | 426 | 272430 | 134 | 306027 |
| Range | 383 'rﬁaaﬁul 1286 | 115546 | 17954-| 361507 | 4486 | 606450'| 4268 |' 27034. [_11.?? I_zm_il

X =MNodata




The ratio of Benzene, Toluene and Xylene in gasoline and exhaust from

2 and 4-stroke motorcycles were shown in table 4.4 and 4.5.

Table 4.4 Ratios of the average gasoline concentrations to the exhaust

concentrations of Benzene, Toluene ﬂm?

Xylene for 2-stroke motorcycles.

//

Agool | N —
ngine Benzene {ppfm/ qmm (ppm) Xylene (ppm)

Hl."iusuTm: al f - Ratiam N Gasoling | Exhaust | Ratiom
gsalin pasahnes
'> Cid 12600 287 38468 39 986
| Moder | 12450 447 | 35230 | 30 | 1174

ate .
New | 15183 444 26334 29 908

£

\-.r

—

(7
Table 4.5 Ratios of 1he average gasoline mnhﬁJlmns to the exhaust

concentrations of Beniene Toluene and }(ylene for d-stroke motorcycles.

Age ) 4-slroke motorcycie |
of _Benzene (ppm) Toluene (ppm). . . Xylene (ppm)
anging [ Dasdiol | BroXt N Al O] GuidbeHJEdals | Aol || isonk B \Ehabt | Raon
pnsahned gasidinal pasaling
. _ exhassl ' raliaugl exinaust
Ol 11488 32 359 76670 93 824 41981 21 1999
Moder | 12053 30 402 | BO320 45 'ITBE 35253 7 5036
ate
Mew | 11335 1 1030 | B2310 29 2838 | 37457 F i 5351 ]
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The detail from table 4.4 and 4.5 showed that the 4-stroke motorcycle
emitted the lower level of hydrocarbons than 2-stroke. fFor instance, It has to
use the benzene in gasoline 1030 ppm to produce 1 ppm of Benzene in
exhaust in new 4-strcke motorcycle. While, the 2-stroke motorcycle use only
183 ppm of Benzene in gasoline to produce 1 ppm of Benzene in exhaust. It
means that efficiency of pollutant production in 2-stroke motorcycle was
greater than the 4-stroke motorcycle. Additionally, The table 4.4 and 4.5 were
shown that the old motorcycle in both 2 and 4-stroke motorcycles released the

hydrocarbons higher than the new ones.

For example, the 1 ppm Benzene in exhaust of new 2-stroke motorcycle
came from 183 ppm in gasoline but Benzene 1 ppm in exhaust of old 2-stroke
motorcycle came from 108 ppm in gasoline. As the same way, it is observed
that new 4-stroke motorcycle emitted Benzene 1 ppm in exhaust which came
from 1030 ppm in gasoline while Benzene 1 ppm in old 4-stroke exhaust which
came from 359 ppm in gasoline. This finding showed that the pollutant

production of the old engines is much greater than the new motorcycles.

4.4 Engine type and BTX concentration

The Benzene, Toluene and Xylene emission _concentrations for all 2-
stroke motorcycles were found to be in the ranges of 569.15-190.76, 81.45-
362.17 and 7.71-58.79 ppm respectively. Whereas all 4-stroke motorcycles,
the Benzene, Toluene and Xylene concentrations were in the ranges of 4.69-
54.29, 4.63-104.62, and 1.05-28.53 ppm respectively. The average emissions
of Benzene, Toluene and Xylene concentrations from the 2-stroke motorcycle
were much higher (approximately 3-4 times) than the emissions from 4-stroke

motorcycle due to the different of their combustion process. The lost of part of
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the unburned fuel out the exhaust during scavenging is the major reasoned for
the very high hydrocarbon emissions characteristic of 2-stroke motorcycie
engine. The other major reason for high HC emissions from 2-strokes is their

tendency to misfire under low load condition.

The lowest concentrations of Benzene, Toluene and Xylene in this
study were found in 4-stroke motorcycles of all engine ages (see in figure
4.1,4.2 and 4.3), because they had more completed combustion process than

2-stroke motorcycles.
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4.5 Engine age and BTX concentration

The Benzene, Toluene and Xylene emission concentrations for old
motorcycle groups were found to be in the range of 22.10-190.76, 76.79-
362.17 and 15.66-58.79 ppm, respectively. The moderate age motorcycle
groups were found to be in the range of 5.69-149.71, 164.81-295.45 and 2.80-
51.61 ppm, respectively. While the new motorcycie groups were found to be in

the range of 4.69-109.31, 4.63-261.00 and 1.05-51.01 ppm, respectively.

Figure 4.4, 4.5 and 4.6 presented that the average Benzene, Toluene
and Xylene emission concentrations in the older motorcycle are greater than
the newer motorcycles. From the results, it can be noted that the concentration
of Benzene, Toluene and Xylene in old motorcycles (more than 10 years old)
are the highest and the moderate age motorcycles had Benzene, Toluene and
Xylene emission concentration higher than new motorcycle groups. This result
showed the possibility of engine’s age had effected on pollutant

concentrations in motorcycle exhaust.
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4.6 Effect of engine type and engine age on BTX in exhaust

In this study, The statistical two-way analysis of variance (2-way
ANOVA) was used to analyze the influence of engine types (2 and 4-stroke)
and age of engine (old, moderate and new) on BTX concentration in
motorcycle emission, The statistical programming, SPSS version 6.0 for MS
windows, was used to examine the interaction of 2 factors (engine types and
engine ages) on the concentration of BTX in emission. The null hypothesis is

that

Hy o Hpy= Mgy = Mgy
Hy @ Mg = Uy,
LL, = Mean concentration of pollutant from factor one (engine ages)

LL, = Mean concentration of pollutant from factor two (engine types)

and the alternative hypothesis is :

H, : Atleastone meanis different

If the results indicate that null hypothesis was fail to reject it means that

no interaction between the types of engine (2 and 4-strokes) and ages of

engine (old, moderate, new) on BTX concentration in emission. The data for

this study is presented in table 4.7



Table 4.7 influencing of types and ages of engine on emission

engine age benzene toluene xylene
1 1 - 1 7. —59{ g 125.96 19.09
2 o 1 1 77.83 175.90 B 751?
3 1 1 190.77 295.17 34.98
4 1 1 119.69 35177 _‘777_:1-_1;.
5 1 1 13613 267.61 42.24
6 1 1 13972 362.17 58.80
7 - -._-'_‘1‘_“- 1. aga—o 35415 55.85
B 8 1 2—| 118.15 192,58 7.71 !
9 1 \__‘ 2 7_9;88»w 156.15 17.22
10 mr 2 ;?;-7.44 100.15 19.38
11 1 2 86.64 267.37 39.75
12 1 2 149.72 295.46 45.06
13 1 2 136.85 288.83 51.62
14 1 2 93.47 200.68 26.37
15 o —71 2 126.27 262.24 i 33.45
16 1 2 3 89.53 208.25 N 2(56
17 1 2 137.57 285.86 38.39
18 1 3 79.09 _182.61 34.89
19 1 3 83.58 261.01 51.02
20 1 [ 3 70.00 186.08 N ;g~0_0—
21 1] 3 87.45° 184184 29.27
22 1 ot 3 80.09 191.87 30.25_
_23 o '1 3 108.31 L 236.46 32.21
(20 [ DT NA[T 0 W Teero| © Tiases ey
25 1 B 3 75.40 81.46 8.33
26 1 3 ;6.99 226.78 i ZB.Q
27 1 (N ?:- 78.65 241.37 31.04
28 o 7”24 - ;———__ 2210 76.80 19.10
29 - 2_‘_- - 1_ - -2_9_.99 " 93.517' “ Ef;(?
e | e el = )
30 2 1 32.80 97.82 | 28.53
3 2| 1| aese| 10a62| 2253
I G N
32 2 2 17.21 44 43 1243
R T e e R
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engine age berzene toluene xylene
13 2 2 570 16.48 2.81
4 2 2 2921 49.30 6.47
35 2 2 25,90 33.98 873
36 2 2 54 29 89.35 11.78
a7 2 2 50.99 39.62 5.99
8 2 3] s 39.67 7.39
39 2 3 W3 | 2700 749
40 2 s 12._3¢i_35.m 1283
41 2 3 | 12.70 23.03 652
42 2 af | ero 2337 9.47
43 2 3| L s 49.50 8.43
44 2 1 an 464 106
Remark : Engine Ty sireke #rm-tTﬁrcyga & Age )= old matorcycle
! molarcw.ﬂ #3682 = moderate age molarcycle
' :7 /:7 4 Age 3= new motorcycle
G 7 ':;/’ \
In this study, at the mgnlfm Ieve‘l#\)ﬁbﬂﬁ the statistical results of the

influence of engine tﬁga factar nnd age of engine fuctcfr::-n Benzene, Toluene
and Xylene cuncenh&ad_on in motorcycle mmmm programming are
presented in table 4.8,4.9 and 4,10, respectively.

For the age of engine faetor,dt is shown.that the “Sig. of F” value of the
“"AGE" il theSiti-ofF value-ischigher thanthe-significant level (@),0.05. It is

mean thal-.;he null hypothesis is acceptea:

Ho © Hay = Ma = M

It can be concluded that the mean concentration of pollutant from individual

group of factor one has no difference at significant level (CL) 0.05.
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Table 4.8 Analysis of Variance of Benzene

- SPSS for MS WINDOWS Release 6.0

***+ CELL MEANS * *x *
BENZENE
by AGE
ENGINE
Total Population
71.09
( 44)
AGE
1 2 <}
85.87 79.30 S 3w/
( 11) | 16) 17)
ENGINE
1 2
101.14 23.35
( 27y« 17)
ENGINE
1 2
AGE
1 116.16 32.86
( 7! a)
2 108.55 30.55
( 10) ¢ 6)
3 83.23 11.74
( 10) - ( 7)
*** ANADLYSIS C F VARIANCE * * »
BENZENE
by AGE
ENGINE

EXPERIMENTAL sums of squares
Covariates entereqQ FIRST

Sum ot Mean Sig
Source of Variation Squares DF Square F of F
Main Effects 69855.270 3 23285.090 35.296 .000
AGE 6723.247 2 3361.623 5.673 .007
ENGINE 61288.)414 1 61288.144 103.430 .000
2-Way Interactions 229.241 2 114.620 .193 .825
AGE ENGINE 229.241 2 114.620 .193  .825
Explained 70084.511 5 14016.902 23.655 .000
Residual 22517.070 38 592.554
Total 92601.581 43 2153.52%
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Like the engine age factor, the engine type factor was focused on the

“Sig. of F” value of the "ENGINE" if the Sig. of F value is higher than the

significant level (QL) 0.05. It is mean that the nu!l hypothesis is accepted:

H‘a o My, = M,

The null hypothesis was illustrated that the concentration of pollutant

1zene (table 4.8) showed the
se 0.000 lower than the

Like the factor one, t
N
factor two (2 and 4 siroke eng

significant leve! (OL) 0.06 me: o5 ' rejected.

ﬂﬂ']‘l.l’l‘l/l&l‘lﬁﬂ'ﬁ
QW’]@Q MR




SPSS for MS WINDOWS Release 6.0

CELL

x 1t %
TOLUENE
by AGE
ENGINE
Total Population
154.71
( 44)
AGE
1 2 3
200.44 154.43 NAENNEY;
( 11y o 16) 17)
ENGINE
1 2
220.67 49.95
( 27) ( 17)
ENGINE
1 2
AGE
1 261.73 93. 198
( 7 4)
2 219.75 45.56
{ 10)  ( 6)
3 192.83 29.00
( 10) « 7)
** * ANALY SIS O F
TOLUENE )
by AGE
ENGINE

VAANREISRANMING C="B  *

EXPERIMENTAL sums of squares
Covariates entered FIRST

Source of Variation

Main Effects
AGE
ENGINE

2-Way Interactions
AGE ENGINE

Explained
Residual

Total

Sum of
Squares

334046.910
30015.185
296406.933

211.087
211.087

334257.997
112647.799

446905.797

Mean

DF Square
3 111348.9570

2 150607.592

1 296406.933

2 105.544

2 105.544

S 66851.599

38 2964.416
43 10393.158

MEANS * *» *

*

*

F
37.562
5.063
99.988

.036
.036

22.551

105

Sig
of F
-000
011
000

. 965
. 965

.000




Table 4.10 Analysis of Variance of Xylene
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SPSS for MS WINDOWS Release 6.0

XYLENE
by AGE
ENGINE

Total Population

24.22
( 44)
AGE
1 2
32.76 22.06
( 11y 16)
ENGINE
1 2
32.57 10.95
( 27 | 17)
ENGINE
b
AGE
1 39,22
( 7)
2 30.57
( 10)
3 29.91
( 10)
+ x *
XYLENE
by  AGE
ENGINE

(

ANALYSTIS OF

* Kk K

CELL

22
( 17)

2

21.46
4)

7.87
6)

7.60
7

EXPERIMENTAL sums of squares
Covariates entered FIRST

Source of Variation
Main Effects

AGE

ENGINE

2-Way Interactions
AGE ENGINE

Explained
Residual

Total

Sum of
Squares

5825.890
953.994
4740.834

43.425
43.425

5869.315
4932.024

10801.339

DF

N

38

43

MEANS * %

VARIANCE *

Mean
Square

1941.963
476.997
4740.834

21.712
21.712

1173.863
129.750

251.194

*

kd

¥
14.962

3.675
36.527

.167
.167

9.044

Sig
of F
.000

.035
.0o00

-847
.847

-000
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[t was found that the Sig. of f value from factor one (engine age) in the
ANOVA of Toluene (table 4.9) and Xylene (tabie 4.10) are 0.011 and 0.035,
respectively. The Sig. of F value from factor one (engine age) of both Toluene
and Xylene are less than the significant level (QL) 0.05, it indicated that the nuill

hypothesis is rejected.

Like the factor one, the ANOVA of Toluene (table 4.9) and Xylene (table
4.10) showed that the factor two (2 and 4-stroke engines) both of them had the
Sig. of F value 0.000. There are less than the significant level (L) 0.05. It can

be interpreted that the null hypothesis is rejected.

This finding showed that the age of engine (old, moderate and new
motorcycles) effected on the motorcycle pollutant emission. The older
motorcycle emits BTX components in exhaust gas higher than the new one. In
addition, the motorcycle pollutant emission is depending on the engine type (2
and 4-stroke engines). The cencentrations of BTX components in exhaust gas
from 2-stroke engine motorcycles are higher than the 4-stroke engine

motorcycles.

The relationship of type and age of motorcycle on the pollutant in

exhaust emission-are-in line with-other studies.

Phong (1999), studied on the air poliutant levels associated with traffic
volume. The study revealed that concentration emission from 2-stroke is higher
than 4-stroke engine vehicle. Thai Motorcycle Manufactures Group (1990)

cited in Phong (1999), that the unique mechanism of the 2-stroke engine which
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used fresh mixtures to scavenge the burnt mixtures, emit hydrocarbon 6-8

times large than of the 4-stroke engine.

In 1992, the Ministry of Science, Technology and Environment of
Malaysia (1992) cited in Weaver (1993) studied on the possibility of banning
the use of 2-stroke motorcycles in Malaysia in order to reduce the pollution.
But it would be very difficult to implement a ban on two-stroke moforcycle, as
they are very popular and widely used by the public, and most users are from

low-income groups.

Suksomsankh (1391), studied on the exhaust gas from gasoline
engines and found that the concentrations of hydrocarbon components in gas
samples from 2-stroke engine motorcycles were higher than the 4-stroke
engine motorcycles. Moreover, he also found that Benzene, Toluene and
Xylene which are strongly toxic to human health, were major aromatic
hydrocarbons found in gas samples from both 2 and 4-stroke engine

motorcycle.

Muttamara and Leong (2000) measured the exhaust emission from
gasoline-powered motor vehicles in Bangkok. The vehicle samples were
performed on chassis dynamometer.” A fleet of 10 vehicles of different model
years and manufacturers were selected to measure the air poliutants in the
exhaust effluent. The study revealed that the hydrocarbon emissions averaged
of 1.82-2.98 g/km for 1990-1992 cars decreased to 0.75-1.88 g/km for 1994-
19956 cars. This resull indicated that there was a significant increase in air

pollutant emission with increasing car mileage and model year.
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4.7 Comparison with previous study

Table 4.11 showed that the 2-stroke motorcycle emitted exhaust gas
pollutant at idle condition higher than 4-stroke. In order to compare the
exhaust gas emitted from 2 and 4 stroke motorcycles, the data from previous

study were used in this study.

Tabie 4.11 Exhaust emission compares with the previous study

i Concentration Results from this study Results from previous study'
(ppm) | 2stioke 4 stroke detioke |  4stoke |
| Benzene | 30793 | 7515 355 51 14548 |
T_ol_u;ne 67432 170.75 866.11 1 468.80
- Xylere _Qég;-w 36.92 842.87 488.58

* Study by Suksomsankh (1991)

This table provides the comparison of exhaust gas emission at idle
condition. The comparison between this study and Suksomsankh study (1991)
showed that there was a fall of 13% - 92% in the exhaust concentrations of

Benzene, Toluene and Xylene in 2 and 4-stroke motorcycle.

The low -hydrocarbon concentration in-exhaust emission may be the
cause by the reformulated gasoline have introduced to the public by the new
Thai Industrial Standard since 1994, and the new standard of motorcycle

emission control fevel 4 came to force in the year 1998.
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4.8 Effect of motorcycle emission on concentration of BTX in ambient air

Duffy et.al (1998) mentioned that motor vehicles are recognized as a
major contributor to the atmospheric burden of hydrocarbon in urban areas,
and as such have been associated with serious environmental problems such
as photochemical smog in addition to deleterious effect on health. Several of
studies concerned about the hydrocarbon ambient air pollution that came from

motor vehicles.

For instance, Moschonas (1996) investigated C,-C,, hydrocarbons in
the atmosphere of Athens, Greece. In this study found that the aromatic
fraction predominates with maximum Benzene and toluene concentrations of
19 and 39 ppbv, respectively. Through comparison with NMHC emission
profiles of other cities, it is inferred that vehicle emission was the main sources
of the observed NMHC, Otherwise, the study of Siriroughudomporn (1997)
reviewed that the highest benzene and toluene concentration were found at
Yaowara] sampling station, Bangkok Thailand that have heavily congested
traffic. And also found that benzene and toluene concentrations for weekday
and daytime were considerably higher than weekend and nighttime

respectively.

Muttamara and Leong (2000) monitor-and assess the exhaust . emission
in Bangkok street air. They found that the 8-hour average concentrations of
Benzene and Toluene in ambient air of the study area were found to be 15.07-
90.20 and 25.76-130.95 },Lg/mg, respectively. The finding revealed that there
was a correlation between the average air pollutant concentrations with
average traffic speed in each traffic zone of Bangkok metropolitan region

(BMR).



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

The exhaust gases from 44 samples of 2 and 4-stroke motorcycles are
collected by Vacuum box at idle condition. The samples are analyzed for three
air poliution parameters (Benzene, Toluene and Xylene). The motorcycles
were classified into three groups as follow: old, moderate age and new

motorcycles. The conclusions of the study can be summarized as follows:

1. The average concentrations of Benzene, Toluene and Xylene in
exhaust emission of 2-stroke motorcycle is about 3-4 times larger

than that of the 4-stroke motaorcycle.

2. Benzene, Toluene and Xylene concentration in exhaust emission of

the older motorcycle is higher than the newer motorcycle.

3. The comparison between this study and Suksomsankh study (1991)
showed that there was a fall of 13% - 92% in the exhaust
concentrations of Benzene, Toluene and Xylene in 2 and 4-stroke

motorcycle.

4. Both type and age of engine have much influenced on Benzene,

Toluene and Xylene concentration in motorcycle emission.



5.2 RECOMMENDATIONS FOR FURTHER STUDY

1. To find out the concentration of hydrocarbons in vehicle emission on

Chassis Dynamometer for real driving pattern,

2. To examine the effect of icles on roadside ambient air such

)"l}’a . :

indoor air (in house) ﬁ by the street.
J‘M/:'n
‘..\‘:\.‘(:ﬁ;f:f‘ .

[——

5. To examine the concentral Y drocarbon in exhaust

emission ‘ﬁf‘
6. To examine @e concentrations of Benzene, Toluene and Xylene at
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Http://www.ehpnet1.niehs.nih.gov/docs/1996/suppl-6/bezabeh.html

Does Benzene Cause Multiple Myeloma? An Analysis of the Published Case-Control

Literature

Two case series and two epidemiological studies in the 1970s and 1980s
suggested that benzene exposure might be a risk factor for multiple myeloma. An
analysis has now been conducted of the published population-based and hospital-
based case-control studies published through mid-1995 that permit examination of the
relationship between multiple myeloma and benzene exposure or surrogates for
benzene exposure. No increased association was found between multiple myeloma and
benzene exposure or exposure to chemical groups that included benzene. The odds
ratios from these analyses approximated 1.0. Exposures to petroleum products and
employment in petroleum-related occupations did not appear to be risk factors for
multiple myeloma. Cigarette smoking, as a surrogate of benzene exposure, was not
found to be associated with multiple myeloma, while some studies of products of
combustion described as "engine exhaust" did show a significant association with
multiple myeloma. In toto, the population-based and hospital-based case-control
literature indicated that benzene exposure was not a likely causal factor for multiple

myeloma. - Environ Health Perspect 104(Suppl 6):1393-1398 (1996)

And other interesting web sites

http://www.ubavie.gv.at/publkationen/reports/r124s.htm

http://seasilver.threadnet.com/preventorium/petrol1.htm/petrol1

http://enviro.nfesc.nany.ril/esc425/VOL6NO2.txt
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1 Calculation for gasoline samples

1.1 The concentrations in mg/m3 unit
The standard solutions, with Acetone 250 ml, Benzene 125 ul, Toluene
75 pl and Xylene 50 pl had a total volume as 250250 pl. The amounts of 1 pl

standard solution and 1 ul gasoline sample were used to calculate for the

concentration of each substance.

From Weight of substance (g) = Volume (cms) x Density (g/cmg)

Density of Benzene is 0.8787 g/cm3

Density of Toluene is 0.8660 g/Cm3
Density of Xylene is 0.8647 g/cm3
Std. Sol” 250250 ul has Benzene = 125 ul
Std. Sol" 1 ul has Benzene = _1 x 125 . ul
250250
= 49950 x 10" ° ul
= 4.9950 %10 ' m
Weight of Benzene:in Std. Sol™is = (49950 x 10 7) x0.8787
= 4.3891x 10 " g
= 4.3891x 10 ° mg

On the same way, weight of Toluene and Xylene in standard solution can be

found as:
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Benzene =  4.3891x10 ° mg
Toluene = 25954x10 " mg
Xylene = 1.7227 x 10" mg

When the standard solution or the gasoline samples, with Benzene,
Toluene, and Xylene components were injected into the Injection port of
Gas Chromatography (GC) at temperature 200 °c. Al hydrocarbon
components were evaporated immediately and moved into the column by the
carrier gas (N,) in the state of gases. After detected by the Flame lonization
Detector (FID), the peak areas of Benzene, Toluene, and Xylene were

shown as the chromatogram

1.Standard solution

Peak area of Benzene in standard solution is = X
Peak area of Toluene in standard solution is = Y
Peak area of Xylene in standard solution is = Z

2.The gasoline sample

Peak area of Benzene in the gasoline sample = X,
Peak area of Toluene inthe gasoline sample 3 Y,
Peak area of Xylene in the gasoline sample = Z,

The concentrations of Benzene in the gasoline sample were calculated
by comparing with the Benzene in standard solution that know the exact

concentration.
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Thus
Area of Std. Sol™ X has benzene = 4.3891x10° mg
Area of gasoline sample X, has benzene= (4.3891x10 ") X ,. mg
X
So, weight of Benzene in gasoline sampleis = (4.3891 x 10 ) x X,.. mg
X
On the same way, itis found that :
Weight of Benzene in gasoline sample = (4.3891 x 10" %) x X,_. mg
X
Weight of Toluene in gasoline sample is = (2.5954 x 10 ) x Y,_. mg
Y
Weight of Xylene in gasoline sample is = (1.7277 x 10" ) x Z_. mg
Z
The amount of gasoline sample used:is 1 pl and-—1m>= 1x10° pl
That it means :
Sample 1l it has benzene = (4.3891x10") x X,_. mg

X
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Sample 1 m’ it has benzene = (4.3891x10°%) x X, x(1x10%. mg

X

= (4.3891x10°) x X, . mg

X

Concentration of Benzene in gasoline sample is (4.3891 x 10%) x X1_.mg/m3

X

On the same way, it can be defined that

Concentration of Toluene in gasoline sample is (2.5954 x 10°) x Y1_.mg/m3

Y

Concentration of Xylene in gasoline sample is (1.7277 x 10%) X Z,. mg/m3

z

1.2 Concentrations in ppm unit

The standard solutions, with-Acetone 250 ml, Benzene 125 ul, Toluene
75 pl and Xylene 50 ul had a total volume as 250250 ul. The amounts of 1 pul
standard solution and. 1 ul gasoline sample were used to calculate for the

concentration of each substance.

Std. Sol" 250250 ul has Benzene = 125 l
(1x10% x 125 .

Std. Sol" 1 x 10°ul, it has Benzene

pl
250250
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= 499.50
pl
Concentrations of Benzene in standard solution is = 499.50 ppm
On the same way , it can be defined that
Concentrations of Toluene in standard solutionis = 299.70 ppm
Concentrations of Xylene in standard solutionis = 199.80 ppm
If
1.Standard solution
Peak area of Benzene in standard solution is = X
Peak area of Toluene in standard solution is = Y
Peak area of Xylene in standard solution is = Z
2.The gasoline sample
Peak area of Benzene in the gasoline sample = X,
Peak area of Toluene in the gasoline sample = Y,
Peak area of Xylene in the gasoline sample = Z,
Area of Std. Sol™ X has benzene = 499.50 ppm
Area of gasoline sample X, has benzene = (499.50) x X, . ppm
X

So,
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Concentration of Benzene in gasoline sample is = _(499.50) x X, . ppm
X

On the same way, it can be defined that

Concentration of Toluene in gasoline sampleis = (299.70) x Y, . ppm
Y

Concentration of Xylene in gasoline sampleis = (199.80) x Z, . ppm
Z

2 Calculation for exhaust gas samples

2.1 Concentrations in mg/m3 unit

The standard solutions, with Acetone 250 ml, Benzene 125 ul, Toluene
75 pl and Xylene 50 ul, had a total volume as 250250 ul. The amounts of 1
ul standard solution-and 1 ml exhaust gas sample were used to calculate for

the concentration of each substance.

From Weight of substance (g) = Volume (Cms) x Density (g/cmg)

Density of Benzene is 0.8787 g/cm3

Density of Toluene is 0.8660 g/cm3

Density of Xylene is 0.8647 g/c:m3
Std. Sol” 250250 ul has Benzene = 125 ul
Std. Sol* 1 ul has Benzene = _1 x 125 . ul

250250
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4.9950 x 10 * ul

= 4.9950 x 10"’ mi

Weight of Benzene in Std. Sol” is (4.9950 x 10 7) x 0.8787

4.3891 x 10" ' g

4.3891x 10 * mg

On the same way, weight of Toluene and Xylene in standard solution can be

found as :
Benzene = 4.3891x10 " mg
Toluene = 2.5954 x 10 mg
Xylene = 17227 x 10" mg

When the standard solution or the exhaust gas samples with Benzene,
Toluene, and Xylene components , were injected into the Injection port of
Gas Chromatography (GC) at temperature 200 °C. Al hydrocarbon
components were evaporated immediately and moved into the column by the
carrier gas (N,)-in the state of gases. After detected. by. the Flame lonization
Detector (FID), the peak areas of Benzene, Toluene, and Xylene were

shown as the chromatogram

If

1.Standard solution

[l
X

Peak area of Benzene in standard solution is

Peak area of Toluene in standard solution is

[
<
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Peak area of Xylene in standard solution is = V4

2.The exhaust gas sample

Peak area of Benzene in the exhaust gas samples = X,
Peak area of Toluene in the exhaust gas samples = Y,
Peak area of Xylene in the exhaust gas samples = Z,

The concentrations of Benzene in the exhaust gas sample were
calculated by comparing the Benzene in standard solution that we know the

exact concentration .

Thus,

Area of Std. Sol™ X has benzene 4.3891 x 10 ° mg

Area of exhaust gas sample X, has benzene = (4.3891 x 10" ) X, .mg

X
So,

Weight of Benzene in exhaust gas sampleis = (4.3891 x 10 ) x X,.. mg

X

On the same way, it'is found that:

Weight of Toluene in exhaust gas sample is = (2.5954 x 10" *) x Y,. mg

Y
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Weight of Xylene in exhaust gas sampleis = (1.7277 x 10 ) x Z,_. mg

Z
The amount of gasoline sample, we used is 1 ml and 1m’ = 1x10° ml
That it means :
Sample 1ml it has benzene = (4.3891x10°) x X, . mg

X

Sample 1 m’ it has benzene = (4.3891 x10°%) x X, x (1x 10%). mg

X
= (488.91) x X,_. mg

X

Concentration of Benzene in exhaust gas is (438.91) x X, . mg/m3
X

On the same way, itis found
Concentration of Toluene in exhaust gas is  (259:54) x Y,.  mg/m’

Y

Concentration of Xylene in exhaust gasis (172.77) x Z, . mg/m3
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2.2 Concentrations in ppm unit

From the gas’s law defined that 1 g - mole of vapor or gas has volume

22.4 liters at 20 °C and 760 mmHg (1 atm).

At the room temperature (25 0C) and, the volume of vapor is 24.45 liters.
( From : gas’s law PV, = RN

g %

Molecular weight of Benzene = 78.11
Molecular weight of Toluene = 92.13
Molecular weight of Xylene = 106.16

At room temperature (25 OC) and atmospheric pressure 760 mmHg.

Benzene 1 g-mol has weight = 78.11 g

Thus, in state of gaseous

24.45 liters

Benzene 78.11 g has the volumes

24.45 x 10° pl

Benzene 78110 mg has the volumes

Then,



Benzene (4.3891 x 10" ") x X,.mg has the volumes

X

(4.3891 x 10" ") x X, x (24.45 x 10 °)

X x (78110)

= 013739 x X, .
X

1mlor1x10° ul of the exhaust gas sample was used, That it means:

1x10” ul of exhaust gas contains Benzene = 0.13739 x X,_.

X

1x10° ul of exhaust gas contains Benzene

X X (1x10%
= _187.39 x X, .
X
Concentration of Benzene in exhaust gas is (137.39) x X, . ppm
X
On the same way, it can be defined that
Concentration of Toluene in exhaust gas is (68.88) x Y, . ppm
Y
Concentration of Xylene in exhaust gas is (39.79) x Z, . ppm

z
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0.13739 x X, x (1x10% .ul

ul
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Chromatogram of e I,., fror stoke motorcycle
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Sampling number
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Number Trade Name Engine Period of Octane Frequency Main-
Capacity | use (years) No. of of use tenance
gasoline
1 YAMAHA 125 11 91 1 2
2 YAMAHA 125 10.5 91 2 2
Old 3 KAWASAKI 125 18 91 1 2
4 YAMAHA W25 11 95 3 2
5 SUZUKI 110 12 95 3 1
6 YAMAHA 150 10.5 95 1 2
7 YAMAHA 110 14 95 2 2
1 KAWASAKI 125 7 91 2 3
2 YAMAHA 125 59 91 2 2
3 YAMAHA 110 7 95 1 1
4 KAWASAKI 150 8 95 1 1
Mod- 5 KAWASAKI 110 5 95 1 2
erate 6 YAMAHA 150 6 95 2 2
7 KAWASAKI 150 7 91 2 1
8 YAMAHA 125 3 91 1 1
9 HONDA 150 6 91 3 3
10 HONDA 150 5 91 1 1
1 KAWASAKI 150 1.5 95 2 1
2 KAWASAKI 110 1 95 2 1
3 HONDA 150 4 95 1 2
4 HONDA 110 3 95 3 1
New 5 KAWASAKI 125 2 91 2 2
6 HONDA 110 2 95 1 2
7 HONDA 125 3 95 2 2
8 YAMAHA 125 4 95 3 1
9 KAWASAKI 150 3 91 1 1
10 HONDA 110 2.5 95 1 2
Explanation: Frequency of use 1 = Rarely use, 2 = Moderately use, 3 = Frequently use

Maintenance

1 = Good, 2 = Moderate, 3 = Poor




4-stroke Motorcycles
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Number Trade Name Engine Period of Octane Frequency Main-
Capacity | use (years) No. of of use tenance
gasoline

HONDA 100 12 95 1 1
Old SUZUKI 100 16 95 1 2
HONDA 110 12 95 1 2
SUZUKI 100 15 95 1 2
KAWASAKI 100 8 95 2 2
HONDA 100 9 95 1 1
Mod- HONDA 100 56 91 2 2
erate HONDA 100 10 91 1 1
SUZUKI 100 <) il 2 2
HONDA 100 2] 95 1 2
HONDA 110 3 months 95 1 1
SUZUKI 100 3 91 1 2
HONDA 110 1 95 2 2
New HONDA 110 10 months 95 2 1
HONDA 100 4 95 2 2
KAWASAKI 110 3 months 95 2 1
HONDA 100 4.5 95 2 1

Explanation: Frequency of use 1= Rarely use, 2 = Moderately use, 3 = Frequently use

Maintenance

1 =Good, 2 = Moderate, 3 = Poor
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