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Abstract

The use of liquefied petroleum gas (LPG) as an alternative car fuel has been documented
extensively in recent years. Car emissions continue to attract the attention of public health
specialists and environmentalists, not only because of their adverse effects on global
climate, but also because many organic compounds found in automobile emissions have
adverse health effects on humans and other living organisms and ecosystems. Recently, it
is generally accepted that the emissions from LPG powered vehicles are less than those

from the gasoline or diesel fuelled equivalents.

The present study was aimed at the investigation of the health status of the car drivers in
relation to type of fuel they used, meanwhile it also aimed at evaluation of knowledge,

attitude and practices (KAP) of vehicle drivers toward the use of LPG.

Close ended questionnaire and measurements of volatile organic compounds (VOC) were
the main tools of the study. Two hundred fifty five questionnaires were distributed.

Appreciatively, 230 drivers filled the questionnaire with a total response rate of 90.2 %.

The results showed that non of the cars was authorized to work on LPG. However, 42.6%
of car engines are powered with LPG, 48.7% with diesel, and only 8.7% with gasoline. All
respondent drivers revealed a knowledge about the use of LPG as car fuel, while 67.0% of
them have knowledge about the methodology for LPG switching, with car technicians

were the major source of knowledge.

About 76.1% of the drivers attributed LPG switching to economical impacts of LPG.
While low percentages (4.30%) of drivers believed in the health and environmental

advantages of LPG.

The majority (81.3%) of the drivers showed a good knowledge with regard to the increased
injuries and impairments of LPG engine as well as to negative change of LPG engine
mechanical power. While, nearly half of the drivers expected a reduction of 20-60 % in
fuel costs when switching to LPG.

Diesel was the favored car fuel for 72.0% of diesel and gasoline (D/G) drivers, while

gasoline was the favored fuel of 73.5% of the LPG drivers. Significantly high percentage



(66.3%) of LPG drivers supported the introduction of LPG as car fuel and they greatly
preferred it to be introduced under legal and official conditions, while the majority (81.1%)
of D/G drivers did not support the LPG as car fuel even under legal and official conditions.
The environmental and health positive impacts of LPG were not among the attitudes of
drivers for recommending LPG as car fuel, where the majority (78.3%) of drivers

supported the economical point of view in recommending LPG as car fuel.

More than 70.0% of LPG drivers expressed no negative changes on their health status after
switching to LPG. While 59.1% of the D/G drivers reported a negative change in health
status due to driving. The mean health complains score percentage (MHCSP) significantly
favors LPG as better fuel on driver health. Drivers using LPG showed the lowest MHCSP

followed by diesel users, while gasoline users showed the highest MHCSP.

All categories of cars showed more or less degree of VOC emissions, however the majority
of the cars revealed the lowest emission level of < 20 ppm. Large amount of VOC <50
ppm not recorded in any selected cars in the present study. The lowest amount of VOC was
recorded in diesel-based engines, followed by LPG-based engines, while gasoline-based
engines showed the highest VOC score. For all fuel types, direct and significant correlation
was found between the MHCSP and the measured VOC.

In conclusion, the present study emphasizes a considerable percentage of LPG cars in the
Gaza Strip. All LPG switching were performed illegally and by unauthorized technicians.
The overall evaluation of KAP of drivers toward the use of LPG as alternative fuel
demonstrated relatively unsatisfactory results. The public health and environmental
soundness of LPG were not among the concerns of the majority of drivers who are forced
to LPG switching either due to scarcity or elevated prices of traditional fuels. Last but not
least, if the responsible parties and ministries are indented to authorize LPG switching, a
comprehensive, informative, awareness, and advertising programs should be organized
very well and aiming at the enhancement of the people to LPG switching with more

concentration on public health and environmental concerns.
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Definitions

Diesel: Diesel fuel comes from the residue of the crude oil after the more volatile fuels,
such as gasoline and kerosene, are removed during the petroleum refining process
(Engine Mechanics, 2008).

Fuel: Is a flammable liquid hydrocarbons, which will not burn or explode in a liquid state;
however, when the vapors from these liquids are mixed with air at certain temperatures,

they form a highly flammable and explosive mixture (United State Marine Corps, 2008).

Gasoline: Is a mixture of compounds, called hydrocarbons, derived from petroleum crude
oil plus a small amount of a few additives to improve its stability, control deposit
formation in engines, and modify other characteristics (Chevron Products Company,
2008).

Knowledge, Attitude and Practice (KAP): KAP Studies are usually performed to tell
what people know about certain things, how they feel and also how they behave. The three
topics that a KAP study measures are Knowledge, Attitude and Practice. The Knowledge
possessed by a community refers to their understanding of any given topic. Attitude refers
to the subjects feelings and believes towards this subject, as well as any preconceived
ideas that they may have towards it and Practice refers to the ways in which the
subjects/target demonstrate their knowledge and attitude through their actions regarding

certain topic (Kaliyaperumal, 2004 ).

LPG: Is a by-product generated in petroleum refineries, which is widely used as fuels in

residential, industrial and vehicle applications ( Quan et al., 2004).

Natural Gas: Is a combustible mixture of hydrocarbon gases, and it is formed primarily of
methane, it can also include ethane, propane, butane and pentane (Natural Gas
Organization, 2007).

Volatile Organic Compounds (VOCs): are emitted as gases from certain solids or
liquids. VOCs include a variety of chemicals, some of which may have short- and long-
term adverse health effects (EPA, 2008).
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Chapter One

Introduction

1.1 Background

Vehicles are considered as a major source of pollution and a major consumer of the world
energy sources. In this regard, about 50% of the world energy sources are utilized by the
different modes of transportation, while it reaches more than 60 % of the total local fuel in
Palestine. The increasing number of vehicles leads to increase demand on fuel and
consequently to increases environmental pollution. Moreover, the expansion in vehicle
numbers in Palestine together with the constrains on fuel importation resulted in the

scarcity and less availability of fuel availability in the local market (Sehili & Abaza, 2006).

The increasing awareness about the consequences of fuel combustion on the local and
global environmental in addition to the continued and sharp increments in petroleum oil
prices, enhance and promote the use of alternative fuel types that includes the natural gases
(NG). NG is a powerful candidate because of its comparable and feasible prices in addition

it considered as environmentally-sounded fuel (Di Pascoli et al., 2001).

Nowadays, the ministries of transportation in different countries try to introduce valuable
and applicable measures and procedures in order to decrease atmospheric pollution and
environmental threats that resulted from vehicles. Among these measures and procedures is
the introduction and use of environment friendly fuels such as NG instead of Gasoline and

Diesel. Currently, there are more than 130,000 NG-based vehicles (NGV) on the road in



the United States, and more than 2.5 million NGV worldwide (Natural Gas Organization,

2004).

1.1.1 The area of the study :

The Gaza Strip (Geographic coordinates 31° 25' N, 34° 20 E') of Palestine, is a narrow
piece (365 Km?) of land along the Mediterranean coast, just 40km long and 10km wide.
The Gaza Strip is divided into five governorates: the North, Gaza, Mid Zone, KhanYounis,
and Rafah governorate. It is considered as one of the most populated areas in the world
(4054/km?) with an estimated population of about 1.48 million according to July 2007

estimates (Palestine Central Bureau of Statistic, 2007).

1.1.2 Living and political Contexts:

Palestine in general and the Gaza Strip in particular are under fluctuated or unstable
conditions that include social, living, economical and political conditions. The cities,
villages and camps of Palestine are udder a full control of the Israeli occupied authorities
which monitoring and permitting (if applicable) the types and quantity of goods and
products that may be allowed to enter the Palestinian areas. In the Gaza Strip the situation
is relatively worse and more complicated. Since the last Palestinian legislative elections in
January 2006, the economical situation at the Gaza Strip reaches it worst point due to the
siege, constrains and severe closure of the Gaza Strip trade and cross points. The last two
years are considered as the most difficult era for the Palestinian peoples of the Gaza strip

with all aspects: economical, political, social, availability of living requirements and needs.



No one could expect what next days are carry for the people of the Gaza Strip. Each day

has its features and circumstances.

1.2 Justification of the study

An increasing number of drivers at the Gaza governorates are switching their car from
gasoline- or diesel-based into LPG-based engine. The switching to LPG is proceeds
without any official or legal procedure and the LPG cars are now leading the streets in the
Gaza Strip without any approval or monitoring from the authorizing parties that include:
the Ministry of Transportation, the Ministry of Trades and Industries, the Ministry of
Health, and /or the Petroleum and Environmental Authorities. The above mentioned
situation, therefore, justifies the necessity for the present pilot study that evaluate the
experience of the car drivers at the Gaza governorates toward the use of LPG as an
alternative fuel. The present study includes health, socioeconomic, and environmental

justifications.

1.3 Research Problem

As an occupation authority, Israel is controlling, by all means, all the living issues of the
people in the Gaza Strip, accordingly, all people in the Gaza governorates are suffering
from deteriorated economical situation. Among the Israeli controls of goods entered to the
Gaza Strip are the petroleum products and derivatives (e.g. gasoline, diesel, and LPG)
which are used as car and energy production sources. In addition to their shortage and
scarcity, the car fuel (gasoline and diesel) imported from Israeli companies is very
expensive and incomparable to the prices of these fuels in neighboring countries like Egypt

and Jordan.



Based on the records (Annex 2) of the Palestinian Ministry of Transportation (MOT), the
number of vehicles in the Gaza Strip is about 58,700, the most of which are gasoline- or

diesel-based cars (Palestinian Ministry of Transportation, 2007).

The proposal for approving and authorizing the LPG as an alternative and as
environmentally sounded car fuel in Palestine has reached advanced level in the official
processes (Palestinian Ministry of Transportation, 2006). The Palestinian cabinet
resolution which approved the use of LPG as car fuel in Palestine is attached to Annex (1) .
However, the official implementation and processing of LPG switching is still waited.
Moreover, the vehicle drivers and without any official monitoring or accreditation started
to switch their car engine to LPG upon their own responsibility and personal vision and
prospect.

According to the above mentioned constrains applied by the Israeli occupation,
considerable numbers of car drivers in the Gaza governorates switched their vehicle engine

to LPG instead of gasoline or diesel.

1.4 Aims of the Study

We designed the present study in order to identify the health status of the drivers with
regard to the type of fuel used in cars, and also to evaluate the KAP of car drivers toward
the use of LPG as a alternative fuel in the Gaza governorates. Our study also aimed at the
recommendation of preventive measures that could improve the new experience in using

the LPG as alternative car fuel.



1.5 Objectives of the study

e To evaluate and compare the health status and complains of the divers according to
the type of fuel they used in cars.

e To identify any correlation or association between the health status and complains
of the drivers and the amount of emitted VOC.

e Toidentify and assess the KAP of LPG car drivers in the Gaza governorates.

e To evaluate and compare the emitted amounts of volatile organic compound (VOC)
from the different fuel types.

e To identify the relationship between socioeconomic status and the switching to

LPG as alternative fuel.

e To suggest a proper recommendations that could improve the experience of using
LPG as car fuel.

1.6 Research Questions

e What is the major health complains that addressed by the drivers?

e Which type of drives scored the lowest health complains score?

e How the car engine types are differ with respect the amount of emitted VOC?

e Is there any correlation or association between the health complains of the drivers
and the amount of emitted VOC?

e What is the relationship between socioeconomic factors and the switching to LPG
among the Gaza Strip car drivers?

e Does the switching to LPG reflect an environmental awareness?

e Does the use of LPG lead to health hazard?

e Dose the knowledge and background of car drivers enough to use of LPG as
alternative fuel?

e \What is the attitude of car drivers toward the use of LPG as alternative fuel?



Does the practices of LPG car drivers concomitant with the safety and public health
standards?

What are the procedures and rules for gasoline/diesel — LPG switching in the Gaza
governorates?

What are the recommendations that could improve the LPG experience in the Gaza

governorates?

1.7 Limitations of the study

The health status of the drivers was assessed using close ended questionnaire.

No laboratory or clinical investigations were done.

The political and the economical situation of the Gaza Strip is subjected to
continuous fluctuations that may affect the result and conclusions of the study.
Limited scientific researches that addressed the KAP of the car drivers toward the
use of alternative fuels.

Fluctuations in the prices and availability of petroleum products and derivatives in
the Gaza Strip.

All LPG cars are not officially registered at the ministry of transportation.

1.8 The Structure of the Thesis

The thesis is composed of six chapters: introduction, literature review, conceptual

framework, materials and methods, results and discussion and finally the conclusions and

recommendations.



The first chapter was assigned as an introduction to the overall work, where the researcher
provided a brief background about the subject. Also he mentioned the problem statement
and the justifications of the study. A list of the research main questions and the study

hypotheses are specified in the first chapter as well.

In the second chapter which deals with scientific revision of the available literature about
the topic, variables, and interfering factors, the researcher tried to provide an up-to-date
information about the types of fuels, traditional and alternative, that are used for powering
vehicle engines and the advantages and disadvantages of the most common types. Also the
researcher provided environmental and health consequences for using traditional and

alterative fuels.

The conceptual framework of the study was mentioned in the third chapter of this thesis. In
chapter three the researcher provided a schematic representation of the conceptual
framework of the study, and he also provided theoretical information and description about
the items included in the scheme and how these items are utilized and interfered in the

practical part of the thesis.

The fourth Chapter "material and methods” contains more details information and
procedures about the methodologies underlining the present work. In this chapter the
researcher provided full description and information about the study design, target group,
ethical considerations, research tools, study population, sampling, and data treatment and

statistical analysis.



The bulk of data and the core of the work is presented in results and discussion section
which aligned to chapter 5. In this chapter the researcher presented and discussed his
results and outcomes with respect to the available published previous studies. He
mentioned these results as self explanatory tables which guide the readers to understand
and comment on the results easily.

The major conclusions and recommendations that harvested from the present work are
mentioned in the last chapter, chapter 6. All conclusions and recommendations are
formulated upon the results of the present study with evidences from the current situation

of the LPG switching experience at the Gaza Strip.



Chapter two

Literature review

2.1 Vehicles fuel

Fuel is any material that is burn or altered in order to obtain energy, vehicle fuel releases
its energy through a chemical reaction called combustion that occurs inside the combustion

chamber of the vehicle engine (Christine & Scott, 2008).

2.2 Type of vehicle fuels

The vehicle fuels are conventionally categorized into traditional (conventional) and
alternative or non-conventional fuels. Conventional vehicle fuels include: gasoline and
diesel while alternative fuels are any material or substance that can be used as vehicle fuel,
other than conventional fuels. Some well known alternative fuels include biodiesel,
bioalcohol (ethanol, butanol), chemically stored electricity (batteries and fuel cells),

hydrogen, non-fossil methane, vegetable oil, and natural gases (William, 2001).

Vehicles in Gaza are powered by one or more of three types of fuel, which are gasoline,
diesel, and recently by LPG. Gasoline and diesel are used legally, but LPG is used
illegally. Each of the three types of fuel (gasoline, diesel, and LPG) has its own effects on
health, environment, and economy (Armstrong, 1980; Chih-Chung et al., 2001; Di Pascoli

et al., 2001; Karamangil, 2007).
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2.2.1 Gasoline (petrol) as traditional car fuel:

Gasoline is a complex mixture of hydrocarbons that may have between 5 to 12 carbons.
Smaller amounts of alkane cyclic and aromatic compounds are may also present

(Kangende, 2004).

Gasoline is the fuel designed for spark-ignition internal combustion engines. Conventional
gasoline is derived from petroleum crude plus a small amount of a few additives to
improve its stability, control deposit formation in engines, and modify other characteristics
(Chevron Product Company, 2008). It is a complex manufactured mixture that does not
exist naturally in the environment. Chemicals that are in gasoline are generally present in
several physical states (gaseous, liquid, or others) in human settlements. Gasoline used as a
fuel for engines in automobiles and other vehicles. Gasoline contains more than 150
chemicals including small amounts of benzene, toluene, xylene, and sometimes lead. The
actual composition varies with the source of the crude petroleum, the manufacturer, and
the time of year, gasoline is a colorless, pale brown or pink liquid, gasoline is very
flammable, it catches on fire quite easily, evaporates quickly, and forms explosive

mixtures with air (Sidney, 1998).

2.2.1.1 Health effects of Gasoline:

Many studies were performed to examine the effects of gasoline on health and to explain

rout of exposure to gasoline, which is considered important points to increase awareness of

public about risks of gasoline (Caprino & Togna, 1998).



Breathing is considered as the main route of exposure to gasoline at service station when
filling car's fuel tanks. Air levels as high as 99 ppm was measured at one fuel station
during filling of a car's tank with gasoline. The most harmful effects seen after exposure to
gasoline are due to the individual chemicals in the gasoline mixture, such as benzene and
lead in very small amounts. Inhaling or swallowing large amounts of gasoline can cause
death. The lethal dose of gasoline that may kill people is about 10,000-20,000 ppm when
breathed in and about 12 ounces when swallowed. High concentrations of gasoline are
irritating to the lungs when breathed in and irritating to the lining of the stomach when
swallowed. Gasoline is also a skin irritant. Breathing in high levels of gasoline for short
periods of time or swallowing large amounts of gasoline may also cause harmful effects on
the nervous system. These effects become more serious as the amount of gasoline breathed
in or swallowed increases. Less serious nervous system effects include dizziness and
headaches, while more serious effects include coma and the inability to breathe. According
to USA estimates, as many as 75,000-100,000 underground storage tanks leak millions of

gallons of gasoline into groundwater each year (Sidney, 1998).

Mudipalli, in 2007, stated that, health risks are increasingly associated with environmental
exposures to leaded gasoline in developing countries. Large amount (~33%) of the
absorbed lead in soft tissue stored in liver. Many signs and symptoms observed in persons
after exposure to very high concentrations of leaded gasoline like, neuronal
encephalopathy, gastrointestinal colic (abdominal pain, constipation, intestinal paralysis) is
a consistent early symptom of leaded gasoline  poisoning in humans. Severe
gastrointestinal effects are consistently observed in patients with a blood lead range of 30

to 80 pg/dl. Ingestion of leaded gasoline is one of the primary causes of its hepatotoxic



effects. Also Mudipalli, 2007 mentioned the hepatocarcinogenic effects of leaded gasoline

that investigated in animal toxicology studies (Mudipalli, 2007).

The epidemiological evidence suggests that acute myelogenous leukemia associated with
chronic occupational benzene exposure can be best described by dose-response
relationships. The toxicological and epidemiological literature on chronic exposure to
unleaded gasoline indicates that the benzene exposures required to induce a measurable
carcinogenic response are substantially greater than exposures likely to be encountered

from exposure to gasoline at contaminated properties (Jamall & Willhite, 2007).

The results of an assessment study of health effects on 37 workers exposed to gasoline at
gasoline stations between 1985 and 1996 indicated that workers have suffered from liver
disorders: lipoid degeneration of liver (14 of 37), chronic functional damages of liver (3 of
37), cirrhosis (1 of 37). Ultrasound examination indicated chronic kidney damages in 8 of

37 of the workers (Pranjic et al., 2002) .

Another study showed significant reduction in the serum levels of all reproduction
hormones in both male and female experimental animals. The results suggested that
inhalation gasoline exposure significantly lowers the levels of reproductive hormones in

albino rats and may thus interfere with reproduction (Ugwoke et al., 2005).

The results of study done by Liang et al., in 2005 entitled "a Genotoxicity comparison
between gasoline- and methanol-fueled exhaust by Thamdine Kinas (TK) gene mutation

assay" showed that the genotoxicity of gasoline-fueled exhaust is stronger than that of



methanol-fueled exhaust, while the cytotoxicity of methanol-fueled exhaust is stronger

than that of gasoline-fueled exhaust at dose range (Liang et al., 2005).

2.2.1.2 Environment effects of Gasoline:

Small amounts of the gasoline evaporate into the air during fill the car fuel tank or when
gasoline is accidentally spilled onto surfaces and soils or into surface waters. Other
chemicals in gasoline dissolve in water after spills to surface waters or underground
storage tank leaks into the groundwater. The movement of individual chemicals in
gasoline is influenced by physical and chemical properties, such as how easily they
dissolve in water, how quickly they evaporate, and whether they stick to soil. In surface
releases, most chemicals in gasoline will probably evaporate; others may dissolve in and be
carried away by water; a few will probably stick to soil. The chemicals that evaporate are
broken down by sunlight and other chemicals in the air; the completion of this process may
take from hours to weeks. The chemicals that dissolve in water also break down quickly
by natural processes. Bioaccumulations of most chemicals in gasoline do not reach high
levels in plants or animals. The most dangerous environmental effect of gasoline is the
gaseous emissions that resulted from the combustion of gasoline in vehicle engine. In
selected studies performed in different countries, higher levels of Volatile organic
compound (VOC) emissions were related to gasoline combustion (Wikimedia Foundation,

20084).

Lui and coworkers in 2005, studied and measured a total of 108 VOCs at six sites in
Beijing city. The results indicated that gasoline vehicle exhaust contributed on average
57.7% of the total VOC measurements of the six location at Beijing city. Concomitantly,

Song et al., 2007, investigated eight sources for VOC emissions in Beijing and their results



showed that Gasoline-related emissions contributed to more than 52 % of the total ambient
VOCs. Song and coworkers concluded that the gasoline-related emissions were the major

contributors to ozone formation potentials in Beijing (Lui et al., 2005 & Song et al., 2007).

A study conducted by Mashi et al., in 2005, and aimed to assess the impact of various
vehicular traffic densities on lead accumulations in some environmental components in
Katsina, a semi-arid urban area of Nigeria. Samples were taken from the surface soils,
fruits, kernels, leaves, and barks of Balanites aegyptica from locations of different
vehicular traffic densities in the area. The results indicate a strong influence of vehicular
traffic density on Pb emission into surrounding atmosphere and its subsequent precipitation
on soil, tree bark should be the best index of assessing Pb pollution in the area, as it

maintains the closest contact with the surrounding atmosphere (Mashi et al., 2005).

While Roux and Marra in 2007, studied the presence and impact of environmental lead in
passerine birds along an urban to rural land use gradient. Soil lead concentration was
significantly higher in urban sites compared to rural sites. Accordingly, adult and nestling
birds captured in urban sites had significantly higher blood lead concentrations than their
rural counterparts. Lead contamination is one more features of urbanization that birds and

other wildlife must face in an increasingly developed world (Roux & Marra, 2007).

Silva et al., in 2002, studied urban groundwater contamination with gasoline hydrocarbon
compounds, such as benzene, toluene, ethyl benzene, and xylenes (BTEX) which is highly
toxic and can have severe public health consequences, besides posing the risk of intake
from the water table by way of contamination. The results of this study indicate that, two
out of ten water samples from the study area presented BTEX concentrations above the

national water quality standard (Silva et al., 2002).



Dakhel et al., in 2003, who studied the impact of gasoline containing methyl tert-butyl
ether (MTBE) and ethanol on groundwater quality. Results revealed that all soluble
compounds including ethanol were transported to the groundwater. Ethanol disappeared
concomitantly with benzene and all other petroleum hydrocarbons ,except isooctane, from
the aerobic groundwater due to biodegradation. MTBE persisted for longer than 6 months
at concentrations larger than 125000 microg L(-1). No evidence for MTBE biodegradation
was found, whereas > 99.6% of ethanol removal was due to biodegradation (Dakhel et al.,
2003).

A study done to examine the role of airborne lead in increased body burden of lead in
Hartford children. The ingestion of airborne lead fallout is the mechanism responsible for
increased lead body burdens found in 10 urban Connecticut children. The result indicated
that the concentration of lead in dirt and household dust was high enough to theoretically
result in excessive lead accumulation in young children who are putting their dusty, dirty

hands in their mouths during play (Lepow et al., 1974).

Olsgard and colleagues in 2008, conducted study to assess the effects of inhalation
exposure to a binary mixture of benzene and toluene on vitamin a status and humoral and
cell-mediated immunity in wild and captive American kestrels. The research groups stated
that, Benzene and toluene are representative (VOC) released during production, storage,
and transportation associated with the oil and gas industry and are chemicals of concern, as
they are released in greater and possibly more biologically significant concentrations than
other compounds. The results also revealed altered immune responses in mammalian
exposures were evident in kestrels. A decreased cell-mediated immunity, measured by
delayed-type hypersensitivity testing, was evident in all exposed birds. Plasma retinol

levels as measured by high-performance liquid chromatography (HPLC) analysis were
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decreased in wild and captive kestrels exposed to the rodent Loael for combined benzene

and toluene (Olsgard et al., 2008).

2.2.2 Diesel as traditional fuel:

The term “diesel fuel” is generic; it refers to any fuel for a compression ignition engine. In
common use, however, it refers to the fuels made commercially for diesel-powered
vehicles. Diesel fuel that readily burns, or has good ignition quality, improves cold start
performance. Diesel, recognizing that the liquid petroleum byproducts might be better
engine fuels than coal dust, began to experiment with one of them. This fuel change,
coupled with some mechanical design changes, resulted in a successful prototype engine in
1895. Today, diesel engines are used worldwide for transportation, manufacturing, power
generation, construction, and farming. The types of diesel engines are as varied as their use
from small, high-speed indirect-injection engines to low-speed direct-injection behemoths
with cylinders one meter (three feet) in diameter. Their success comes from their

efficiency, economy, and reliability (Chevron Products Company, 2007).

2.2.2.1 Effects of Diesel on Health:

Diesel exhaust from sources such as buses, trucks, and farm equipment is a major
component of air pollution around the world and has been linked with lung cancer and
other illnesses. Both the Environmental Protection Agency and the National Toxicology
Program, the interagency program charged with assessing the impact of different chemicals
on human health, have classified diesel exhaust as a probable human carcinogen. Now,

researchers have found a way to measure people's exposures to this pollutant by tracking a
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specific chemical in their urine. Found almost exclusively in diesel exhaust is a chemical
called 1-nitropyrene, or 1-NP. The body breaks down inhaled 1-NP into several smaller

molecules, called metabolites, that show up in urine (Goho, 2007).

Peretz and coworkers in 2008, stated that particulate matter air pollution is associated with
alterations in cardiac conductance and sudden cardiac death in epidemiological studies.
Traffic-related air pollutants, including diesel exhaust could at least partly responsible for
these effects (Peretz et al., 2008). A study was done by Ulfvarson et al., 1987, to examine
the effects of exposure to vehicle exhaust on health. The results showed that pulmonary
function was affected during a workday of occupational exposure to engine emissions, but

it normalized after a few days with no exposure (Ulfvarson et al., 1987).

Mamessier et al., in 2006 assessed the effect of diesel exhaust particles on T-cell activation
in severe uncontrolled asthmatics. The results revealed a higher effect of diesel exhaust
particles in exacerbated asthmatics and also suggested that uncontrolled asthma is a risk

factor for aggravation under exposure to traffic pollutants (Mamessier et al., 2006).

The results of the study which was done by Peterson and Saxon in 1996, and aimed to
recognize and evaluate potential relationship between allergic respiratory disease and
polyaromatic hydrocarbons as air pollutants from industrial and automotive fuel sources,
indicates that allergic rhinitis and allergic asthma have significantly increased in
prevalence over the past two centuries with epidemiologic data suggest that certain
pollutants such as those produced from the burning of fossil fuels may have played an
important role in the prevalence changes. Also important are studies showing that diesel

exhaust, a prototypical fossil fuel, is able to enhance in vitro and in vivo IgE production.



Increased levels of the compounds resulting from fossil fuel combustion may be partly
responsible for the increased prevalence of allergic respiratory disease (Peterson & Saxon

1996).

2.2.2.2 Effects of diesel on environment:

The diesel engine is the most efficient prime transporter commonly available today. Diesel
engines move a large portion of the world’s goods, power much of the world’s equipment,
and generate electricity more economically than any other device in their size range. But
the diesel is one of the largest contributors to environmental pollution problems
worldwide, and will remain so, with large increases expected in vehicle population and
vehicle miles traveled (VMT) causing ever-increasing global emissions. Diesel emissions
contribute to the development of cancer; cardiovascular and respiratory health effects;
pollution of air, water, and soil; soiling; reductions in visibility; and global climate change.
Diesel engine and vehicle manufacturing, as well as the production, storage, and
distribution of diesel fuel, have adverse environmental consequences. Hydrocarbons (HCs)
are released from wells, refineries storage tanks, and pipelines into the atmosphere, ground,
and groundwater. Runoff from leaks and spills enters surface water, while atmospheric
deposition adds to ground and surface water contamination. Vehicle and engine production
(including steel production and product transport) emit HCs and particulate matter (PM)

that also pollute air, water, and land (Cackette & Lloyd, 2001).

Zielinska, in 2005, stated that the major physical and chemical transformations are due to
the primary diesel emissions during dispersion and transport in the atmosphere. The most

important chemical reactions of diesel exhaust constituents are with OH radicals, followed



by ozone, NOj3 radicals and light (Zielinska, 2005). While, Ausma et al., in 2002, stated
that emissions of volatile HCs from bioremediation facilities containing soils contaminated
with petroleum HCs may negatively impact regional air quality or human health (Ausma et
al., 2002). The results of the study which aimed to examine the effect of compost in
phytoremediation of diesel-contaminated soils indicated that the presence of diesel reduces
grass growth, and that compost helps reduced the impact of diesel on grass growth. The
addition of compost helps increase diesel loss from the soils both with and without grass,
though the addition of grass leads to lower diesel levels compared with controls

(Vouillamoz & Milke, 2001).

Diesel exhaust particles have the highest proportion of black carbon, or “soot”, of any
combustion emissions. This soot, a complex mixture of carbon, sulfur, nitrogen, hydrogen,
and oxygen, adsorbs organic and sulfur gases containing irritants that cause short-term
respiratory distress and long-term lung cancers. This soot absorbs visible light,
contributing to urban and regional hazes and to changes in the Earth’s radiation balance.
Owing to its low volatility, diesel fuel persists longer than gasoline when spilled or leaked
into waterways or land surfaces. Cleanup after these accidents has been technically

challenging, time-consuming, and costly (Orange County Convention Center, 2001).

Recent epidemiological studies strengthen the hypothesis of an increased lung cancer risk
related to residential exposure to air pollution and to occupational exposure to diesel
exhausts. Few papers suggest that traffic-related air pollution may be associated with an
increased risk of childhood leukemia. The observed relative risks are small but the
exposure is widespread. Therefore, the overall impact of exposure to current levels of

urban air pollution may be substantial (Lagorio et al., 2000).



2.3 Alternative vehicle fuel

Alternative fuels are defined as any other fuels that are traditionally used in producing
thermal, electrical or mechanical energy. They are usually derived from resources other
than petroleum. Some are produced domestically, reducing our dependence on imported
oil, and some are derived from renewable sources. Often, they produce less pollution than
traditional fuels like charcoal, gasoline or diesel. Among the most common alternative
fuels that widely utilized in the world are the different forms and compositions of natural

gases (Fuel Economy, 2007a).

2.3.1 Natural gas:

Natural gas is a vital component of the world's supply of energy. It is one of the cleanest,
safest, and most useful of all energy sources. Natural gas is colorless, shapeless, and
odorless in its pure form. Natural gas is combustible, and when burned it gives off a great
deal of energy. Unlike other fossil fuels, however, natural gas is clean burning and emits
lower levels of potentially harmful byproducts into the air. Natural gas is a combustible
mixture of hydrocarbon gases, and it is formed primarily of methane, it can also include
ethane, propane, butane and pentane. Natural gas is considered 'dry’ when it is almost pure
methane, having had most of the other commonly associated hydrocarbons removed, when

other hydrocarbons are present, the natural gas is ‘wet' (Kayne, 2008).



2.3.2 Natural gas as an alternative vehicle fuel:

The crucial and fundamental advantage of natural gas vehicles (NGVs) is that they reduce
environmentally harmful emissions. NGVs can achieve up to a 93% reduction in carbon
monoxide emissions, 33% reduction in emissions of various oxides of nitrogen and a 50 %
reduction in reactive hydrocarbons when compared to gasoline vehicles. NGVs are also
safer than gasoline or diesel vehicles (Corvalan et al., 2003a). The fuel storage tanks on an
NGV are thicker and stronger than gasoline or diesel tanks. Economically, NG costs at fuel
stations are almost 33 % lower than gasoline, meanwhile, NG prices have exhibited
significant stability compared to oil prices. Furthermore, NGVs have lower maintenance
costs because NG burns so cleanly and results in less wear and tear on the engine and
extends the time between tune-ups and oil changes (Colling Wood School, 2003a).

The desired to achieve even lower emission lead to renewed interest in alternative fuel
which include methane and NG. The buses operating on NG in Sacramento-California
have had reduce emission, operating cost and have been judged. NG has higher energy
density and higher octane rating than any other fuel available today, which allows vehicles
to run more efficiently (Di Pascoli et al., 2001; Colling Wood School, 2003b). NG, where
available, can be cost effective and environmental beneficial option for many developing
countries (Fernandez et al., 2004). One of the biggest complaints about NGVs is that they
aren't as roomy as gasoline cars, because NGVs have to give up precious cargo and trunk
space to accommodate the fuel storage cylinders. Not only that, these cylinders can be
expensive to design and build. Sustainability of NG is not secured. NG, like gasoline, is a

fossil fuel and cannot be considered a renewable resource (Harris, 2008).
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According to the international association for natural gas vehicles, the most recent (and
mostly outdated) statistics showed that more than 6.3 million NGV and over 10,000 NGV

refueling main stations are found in the world (James, 2007).

Stefano et al., in 2001, described NG as a relatively ‘clean’ and cheap fuel looking for
users. In comparison to other forms of energy for vehicles, NG engenders low pressures on
the environment. At the same time, because of its technical characteristics, NG is very
suitable for motor use. Moreover, NG is relatively cheap. Thus, NGVs would be expected
to attract the interest of a great number of people, including politicians, and achieve rapid
and widespread diffusion. A well-known fact about NG is that it exhibits the highest H/C
ratio of all the fossil fuels, which implies both lower CO, emissions and a lower material
intensity (lower mass per unit of energy). From an energy point of view, in fossil fuels only
carbon (C) and hydrogen (H) contribute significantly to the energy content, while other
elements (oxygen, sulfur, nitrogen) play a minor role. If combustion is performed under the
best of conditions (correct quantity of oxygen), hydrogen leads to water vapor (H,0),
while carbon gives CO,. Since water emissions have a lower environmental impact than
CO,, a high H/C ratio is preferred. NG exhibits another important advantage over fuel oil
(for both environmental and technical purposes): its content of contaminants is very low, if
any. This leads to a marked reduction in the highly dangerous ‘secondary’ emissions
(benzene, lead, nitrogen oxides, particulate, carbon oxide) which are typical of petroleum

derivatives (Stefano et al., 2001).



2.3.3 Types of natural gas:

There are four major types or forms of NG that available for utilization worldwide. The
first type is the low-pressure NG (LNG) which is used mainly in households for cooking or
heating and it comes from the underground pipe system and networks from the gas
commercial companies. The second type is the compressed natural gas (CNG), which is
compressed into high-pressure fuel cylinders in order to power large vehicles and trucks, it
comes from special CNG fuel stations. The third type refers to the liquefied natural gas
(LNG), which is made by refrigerating natural gas to condense it into a liquid form. The
LNG form is much denser than natural gas or CNG. The fourth type is the liquefied
petroleum gas (LPG). Actually, LPG is made of a mixture of propane and other similar
types of hydrocarbon gases. Most people call LPG as propane because propane is the
major or the dominant hydrocarbon in LPG. Different batches of LPG have slightly
different amounts of the different kinds of hydrocarbon molecules. These hydrocarbons are
gases at room temperature, but turn to liquid when they are compressed. LPG is stored in
special tanks that keep it under pressure, so it stays a liquid. The pressure of these tanks is
usually about 200 pounds per square inch (California Energy Commission, 2006a). In the
Gaza Strip, the LPG is the type of fuel gas that available at the market (Khouzondar,

2008).

2.3.4 Uses of natural gas:

The uses of natural gas ranges from the household purposes, car flues, to small scales and

large scales industrial purposes. cooking; central heating; natural gas fires; powering



mechanical factories and industries, generating electricity, and cars fuel are among the

most popular fuels for using NG (James, 2007; Firmusens Energy, 2007).

2.3.5 Route of exposure to natural gas and toxicity:

The primary route of exposure to NG is through inhalation. NG may be present during
fueling and /or repair work. NG is widely used in residences and industry and the potential
for serious inhalation problems is low. NG is practically inert, below the flammability

limits and has no known acute or chronic physiological effects (Getbus, 2008).

2.3.6 Effect of natural gas on health:

The major components of NG are butane, propane, methane, and ethane, these are highly
toxic chemical hydrocarbon gases when inhaled (Natural Gas organization, 2007). In
concentrations exceeding 7 percent fuel/air mixtures, NG will displace oxygen necessary to
sustain life and asphyxiation may occur. The exposure guideline commonly referred to for
simple asphyxiates is 1000 ppm. The primary route of exposure to NG is through

inhalation. NG may be present during fueling and /or repair works (Getbus, 2008).

Saadat and Bahaoddini, 2004 assessed the hematological changes due to chronic exposure
to natural gas leakage in polluted areas of Masjid-i-Sulaiman, the result showed that, the
absolute mean number of red blood cells, percentages of hematocrit, level of hemoglobin,
and absolute number of platelets were significantly higher among the exposed subjects
compared with the control group. The absolute mean numbers of white blood cells,

lymphocytes, and neutrophils were significantly decreased in the exposed group compared



with the control (Saadat & Bahaoddini, 2004). A study done by Saadat and coworkers in
2004, to examine alterations in blood pressure due to chronic exposure to natural gas
leakage, showed that the systolic blood pressure significantly decreased while the diastolic
blood pressure and heart rate significantly increased in individuals living in the
contaminated areas with natural gas compared with those of normal mean values. The
systolic and diastolic blood pressure decreased and increased, respectively, in individuals

chronically exposed to natural sour gas containing sulfur compounds (Saadat et al., 2004).

Spitzer et al., in 1989, showed that residents of the exposed area to natural gas reported an
excess number of symptoms and health problems there were no significant differences in
the mortality rate, incidence of cancer, reproductive problems, major ailments, hair levels
of arsenic and certain metals or respiratory function between the groups (Spitzer et al.,
1989). While, Saadat et al., in 2005, in his study entitled "Environmental exposure to
natural gas containing sulfur compounds lead to elevated depression and hopelessness
scores" indicated high endogenous H2S levels have been found in the brain and it is
involved in the brain functions. Depression and hopelessness were also determined in the
exposed subjects. The results also revealed significantly differences between the exposed

subjects and the control group (Saadat et al., 2005).

Bahaoddini et al., in 2007, who investigated electrocardiogram (ECG) alteration in
accordance to prolong exposure to natural gas leakage containing sulfur compounds in
polluted areas of Masjid-I-Sulaiman, mentioned an altered ECG in exposed subjects as
compared to standard values. They also concluded that chronic exposure to sour gas
containing hydrogen sulfide contaminated air may provoke alterations of electrical activity

of the heart (Bahaoddini et al., 2007). While Saha and coworkers in 2005, showed that,



LPG is a safer fuel with no or limited deterioration of pulmonary functions (Saha et al.,

2005).

A study was conducted by Corvalan et al., in 2003, to evaluate the effectiveness in the use
of natural gas for the reduction of atmospheric emissions. The results for their study
revealed that stationary combustion sources that replaced their fuel reduced PM emissions
by 61%, sulfur oxides (SOx) by 91%, nitrogen oxides (NOx) by 40%, and VOC by 10%.

Carbon monoxide (CO) emissions were reduced by 1% (Corvalan et al., 2003b).

2.3.7 Safety measures when use the natural gas as fuel:

A natural gas leak can be dangerous because it increases the risk of fire or explosion.
Because methane--and therefore, natural gas does not have any odor, the gas company
adds a warning "rotten-egg" smell (mercaptan or a similar sulfur-based compound) that can
be easily detected by most people. Many detectors will respond to other dangerous
chemicals in addition to natural gas, such as propane (LP). The Lower Explosive Limit
(LEL) is the lowest amount of gas that will cause an explosion. Gas detectors vary in the
level of gas that will set off an alarm (for example, 15% of the LEL, 20% of the LEL, etc.).
Detectors that sense lower levels of gas will warn you more quickly of the presence of
natural gas than detectors that sense higher levels (National Institute on Deafness and

Other Communication Disorders, 2002).
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2.4 LPG as alternative fuel

In the Gaza Strip, the LPG (mainly propane) is the type of gas that available at the market
(Khouzondar, 2008). LPG is heavier than air, if a leak in fuel system occurs the gas will
have a tendency to sink into any enclosed area and this poses a risk of expulsion and fire.
Propane is nontoxic; however, when abused as an inhalant it poses a mild asphyxiation risk
through oxygen deprivation. It must also be noted that commercial product contains
hydrocarbons beyond propane, which may increase risk. Propane and its mixtures, under
normal pressures experienced while being stored in a tank, may cause mild frostbite during
rapid expansion. Propane in its liquid form remains a cool -42 degrees Celsius with an
ambient exterior temperature of 20 degrees Celsius. Propane combustion is much cleaner
than gasoline, though not as clean as natural gas. The presence of C-C bonds, plus the
multiple bonds of propylene and butylene, creates organic exhausts besides carbon dioxide
and water vapor during typical combustion, these bonds also cause propane to burn with a
visible flame (Wikimedia foundation, 2008b). Propane, also known as LPG (liquefied
petroleum gas), is the leading alternative fuel in the United States. It is also the third most
common vehicular fuel today, after gasoline and diesel. There are over 270,000 on-road
vehicles in the United States and more than 10 million worldwide that operate on propane.
A large number of these are used in fleets that include light-to heavy-duty trucks, buses,
taxicabs, police cars, and rental and delivery vehicles (Propane Education and Research

Council, 2008a).

LPG is a by-product generated in petroleum refineries, which is widely used as fuels in
residential, industrial and vehicle applications. Usually, LPG contains certain amount of

residues, i.e. hydrocarbons with higher vaporization points falling in the range of lubricant



oils (Quan et al., 2004). In natural gas processing, the heavier hydrocarbons that naturally
accompany natural gas, such as LPG, butane, ethane, and pentane, are removed prior to the
natural gas entering the pipeline distribution system. In crude oil refining, LPG is the first
product that results at the start of the refining process and is therefore always produced

when crude oil is refined (Consumer Energy Center, 2007).

Although LPG is conventionally known as propane however, LPG is made of a mixture of
propane and other similar types of hydrocarbon gases. Different batches of LPG have
slightly different amounts of the different kinds of hydrocarbon molecules. These
hydrocarbons are gases at room temperature, but turn to liquid when they are compressed.
Today, more than 10 million vehicles around the world run on LPG, a fuel that delivers
high-octane power but fewer greenhouse gas emissions than gasoline, and considerably
less nitrogen oxide and particulate pollution than diesel (Propane Education & Research

Council, 2008b).

The percentage of LPG vehicles is increasing because LPG is more economical and it is
considered less polluting than gasoline and diesel. Currently, in effort to reduce pollutant
emission in Korea, the government is trying to make a law that encourages people to buy
LPG vehicles, such as reducing the excise taxes on LPG fuel and LPG fueled vehicles

(Propane council, 2008).

2.4.1 Switching to LPG:

LPG injection Kits include all the components needed to convert an engine, such as an LPG

computer, injectors, fuel rails, vaporizer (pressure regulator), lock-off and filter assembly,

wiring harness and sensors. LPG injection systems incorporate to use of the original



equipment manufacturer (OEM) computer to control the LPG system. OEM computer
performs its normal duties of monitoring the engine operation and changing fuel delivery
and timing to maximize the engine operation no matter which fuel is being used. When the
engine is running on propane, the OEM instructions are sent through the LPG computer to
change LPG fuel levels as instructed. The LPG computer changes the amount of fuel
delivered to satisfy the OEM computer. Using this method the OEM computer has
complete control of the LPG system and no false check engine lights occur. The LPG
injection uses individual injectors for each cylinder, the same as the OEM gasoline system.
This ensures proper fuel distribution and eliminates the possibility of intake manifold
backfires, which were a common problem for 1996 and newer vehicles using core
equipment. Backfires contributed to significant maintenance costs and made owners
reluctant to convert (Burkett & Randy, 2007). The invention relates to a system for
shutting off the LPG fuel supply route in a vehicle except in case of necessity. Namely,
when an engine is stopped and a starting switch is in switched off, a solenoid valve is
operated to shut off the LPG fuel supply route to prevent the LPG fuel from leaking out to
the carburetor and to keep the vehicle from suddenly lurching out (Free Patents Online,

2008).

2.4.2 Environmental pollution and LPG:

The study of Schifter et al., in 2000, entitled "Contribution of LPG-derived emissions to
air pollution in the metropolitan area of Guadalajara City" showed that the three most
important contributors to LPG emissions were refilling of LPG-fueled vehicles and
commercial and domestic consumption (Schifter et al., 2000a). Also Schifter and
coworkers in 2000b, conducted study to evaluate the regulated exhaust emission and other

parameters on 134 representative vehicles of that fleet. The result showed that, more than
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95% of the in-use vehicles using LPG presented regulated emissions which exceeded in
one or more the environmental regulations values required for certification. The poor
maintenance of the vehicles and the type of conversion Kit installed could be the culprits of

the results obtained ( Schifter et al., 2000b).

Gamas et al., in 2000, estimated the hydrocarbon emissions caused by the consumption of
LPG in the Metropolitan Area of Mexico City (MAMC). The result showed that the most
important contribution is found during the domestic consumption of LPG (70%) and they
suggested the development of a control program of LPG losses, and expected a 77%
reduction in emission is expected in a 5-yr period. The calculated amounts of LPG
emissions when correlated with the consumption of LPG, combined with information from
air samples from the MAMC, do not point to LPG emissions as the most important factor

contributing to troposphere ozone in the air in Mexico City (Gamas et al., 2000).

2.5 Other alternative fuels

2.5.1 Biodiesel:

Biodiesel is a form of diesel fuel manufactured from vegetable oils, animal fats, or
recycled restaurant greases. It is safe, biodegradable, and produces less air pollutants than
petroleum-based diesel (Fuel Economy, 2007b). Biodiesel is an alternative fuel produced
from domestic, renewable resources. It is safe to use in any diesel engine and is more
sustainable and far less polluting than conventional petroleum diesel. Biodiesel
significantly reduces asthma-causing soot, greenhouse gases, carbon dioxide, and sulfur
dioxide in air emissions. Along with creating less pollution, biodiesel is simple to use,
biodegradable and non-toxic. Produced from renewable resources such as waste cooking

oil or soybean oil, biodiesel reduces dependence on limited energy resources and foreign
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oil. The “fat to fuel” process recovers energy and recycles waste oils that are either
dumped in landfills or flushed down drains, clogging pipes and causing costly sewer spills

(Jeff, 2007).

2.5.2 Ethanol:

Ethanol is an alcohol-based fuel made by fermenting and distilling starch crops, such as
corn. It can also be made from "cellulosic biomass" such as trees and grasses. The use of
ethanol can reduce our dependence upon foreign oil and reduce greenhouse gas emissions
(Fuel Economy, 2007c). Ethanol is prepared by the fermentation of sugars, which is a well-
established and known technology, generally used for human consumption in the form of

beers, wines and spirits. The use as fuel is not widespread (Astbury, 2008).

2.5.3 Electric fuel:

Electricity for Electric vehicles EVs is produced by power plants, which send it to
substations through transmission lines and then to homes and businesses through
distribution systems. An EV’s electric motor converts electricity—usually from a battery
pack—into mechanical power that runs the vehicle. After a certain vehicle driving range,
however, EV batteries must be recharged. More than 4,000 EVs are traveling U.S. roads
and highways. Although some EVs are found nationwide, California has the greatest
concentration of the alternative fuel vehicles. EVs do not produce tailpipe emissions, but
generators producing the electricity used to charge EV batteries do emit pollutants

(Environmental Protection Agency, 2002).
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2.5.4 Hydrogen fuel:

Hydrogen (Hy) is being aggressively explored as a fuel for passenger vehicles. It can be
used in fuel cells to power electric motors or burned in internal combustion engines (ICEs).
It is an environmentally friendly fuel that has the potential to dramatically reduce our
dependence on foreign oil, but several significant challenges must be overcome before it

can be widely used (USA Department of Energy, 2007).

2.6 LPG versus other vehicle fuels

Comparative study of regulated and unregulated air pollutant emissions before and after
conversion of automobiles from gasoline power to LPG was conducted by Yang et al., in
2007, In this study, emissions of regulated (CO, THC, NO(x) and unregulated air
pollutants, including CO,, PM, polycyclic aromatic hydrocarbons (PAHSs), and BTEX
(acronym for benzene, toluene, ethylbenzene, xylene), were measured before and after
conversion of nine gasoline-powered automobiles to LPG/ gasoline dual-fuel retrofits.
Their results showed that, average emission factors of 0.14 g/km, 0.33 mg/km, 0.09 g/km,
0.44 g/km, and 197 g/km for CO, THC, NO(x), PM, and CO2, respectively, for LPG/
gasoline dual-fuel retrofits. Results also indicated that the emissions of CO, THC, and CO,
were significantly reduced with the retrofit in comparison with gasoline-powered
automobiles. The reduction percentages were 71%, 89%, and 14% for CO, THC, and CO,,
respectively. The average total PAH emission factor for LPG was significantly lower than
gasoline (Yang et al., 2007). Moreover, the comparative study which was conducted by
Ristovski et al., in 2005, to measure Particle and carbon dioxide emissions from passenger

vehicles operating on unleaded petrol (ULP) and LPG fuel, showed that, LPG was found
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to be a ‘cleaner' fuel, although in most cases. The particle number emission factors was
over 70% less with LPG compared to ULP. Carbon dioxide emission factors were 10% to

18% greater with ULP than with LPG ( Ristovski et al., 2005).

The term volatile organic compounds includes a wide variety of chemical substances with
the common feature of being carbon compounds that are volatile at ambient temperature.
They can be classified into different families defined by their chemical formulae, each of
which possesses common properties, although there may be major differences in terms of
toxicity. For that reason the effects of VOC on health have to be considered both in an
individual way and also from a global viewpoint on account of their common toxic
properties and the role they play in the formation of environmental photo-oxidative

pollutants, both outdoors and indoors (Cicolella, 2007).

2.7 Vehicles emissions

Motor vehicles emitted many different types of pollutant gases, which have many effects
on human and environment, differ according to type of pollutant. The most gases emitted
from vehicle are; carbon oxides (Cox), sulfur oxide (Sox), nitrogen oxide (Nox),

hydrocarbons (Hc), lead (Pb) (Sehili & Abaza, 2006).

A study were conducted by Economopoulou and Economopoulos in 2002, to assess Air
pollution in Athens basin and health risk. The results indicate that for CO, NOx and VOC
the major source is road traffic, while for PM2.5 and SO2 both space heating and traffic
share responsibility. The results of the above analysis show that the levels of all ‘classical’

pollutants, with the exception of SO2 and Pb, exceed significantly the WHO guidelines


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ristovski%20ZD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cicolella%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Economopoulou%20AA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Economopoulos%20AP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

and are thus expected to exert a significant health impact. In addition, The results show
that the existing levels of fine particle concentrations in Athens increase significantly the
mortality and morbidity, and reduce the average longevity of the entire population from 1.3

to 1.7 years ( Economopoulou & Economopoulos, 2002).

A study conducted by Srivastava et al., in 2005, to evaluate emissions of VOCs at urban
petrol retail distribution centres in India. The authors of the study mentioned that, Air
pollution has assumed gigantic proportion killing almost half a million Asians every year.
Urban pollution mainly comprises of emissions from buses, trucks, motorcycle other forms
of motorized transport and its supporting activities. The result indicated that, concentration
of benzene in ambient air in clearly shows the effect of intervention in use of petroleum
and diesel fuel and shift to NG. Diesel combustion engines, refueling emissions are also
major sources of evaporative emissions are found to contribute maximum to total VOC

concentration in ambient air ( Srivastava et al., 2005).
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Chapter 3

Conceptual Framework

3.1 Introduction

The use of LPG as an alternative fuel for road vehicles has been documented and
investigated extensively in recent years. Car emissions continue to attract the attention of
public health specialists, environmentalists and toxicologists not only because of their
adverse effects on global climate, but also because many organic compounds found in
automobile emissions have high ozone forming potential and health effects on humans and
other living organisms and ecosystems. Many studies of the emissions from LPG powered
vehicles have been reported in recent literature and now it is generally accepted that the
emissions from a LPG powered vehicle are less than those from the gasoline or diesel

fuelled equivalents (Di Pascoli et al., 2001).

In the present study the researcher attempted to identify comparatively the health
consequences of using LPG as alternative fuel in Gaza governorates. On the other hand the
study investigated the levels of knowledge, attitudes and practices of car drivers towards
the use of LPG as alternative fuel. To achieve the aims the researcher used a closed ended
questionnaire together with the C-21 VOC Gas Sensor to measure the amount or level of
emitted VOC from the different kinds of cars. A schematic representation of the conceptual

framework of the present study is mentioned in Fig. 3.1.
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Fig. 3.1. Schematic representation of the conceptual framework of the study



3.2 Liquefied petroleum gas (LPG)

LPG is produced during the normal petrol chemical distilling process of crude oil and the
letters LPG stand for Liquefied Petroleum Gas, which is 100% octane. LPG is stored in a
liquid form because being 250x more dense than as a gas it requires less space within the
car. Many car manufacturers offer LPG cars direct from the dealership as part of the
range. Other manufacturers such as Ford, Range Rover and Chrysler may not have an
LPG vehicle as part of the range but will allow conversions to be carried out after
manufacture as long as they are LPG approved. Interestingly two of the largest countries
for LPG use in vehicles are Italy and Japan, who are not oil producers (Van Thuijl et al.,

2003) .

In Gaza Strip LPG is used for household purposes that include cooking, and heating.
Recently, LPG become, unofficially, a major fuel for cars in the Gaza Strip used as car

fuel by informal way.

LPG is the generic name for commercial propane and/or butane. These are hydrocarbon
products produced by the oil and gas industries. Commercial Propane and butane
predominantly consists of hydrocarbons containing three and four carbon atoms,
respectively. They have the special property of becoming liquid at atmospheric
temperature if moderately compressed, and reverting to gases when the pressure is
sufficiently reduced. Advantage is taken of this property to transport and store these
products in the liquid state, in which they are roughly 250 times as dense as they are when
gases. Butane is usually supplied to customers in cylinders. Propane can be supplied in
cylinders or in bulk for storage in tanks at the customers premises (LP Gas Association,

2004).



3.3 Diesel

Diesel fuel comes from the residue of crude oil after the more volatile fuels, such as
gasoline and kerosene, are removed during the petroleum refining process (Engine
Mechanics, 2008). Some chemical characteristics and natural impurities in diesel fuel can
affect exhaust emissions from diesel engines, which may damage or impede the operation
of emission control devices, and can increase secondary pollutant formation in the
atmosphere (Environmental Protection Agency, 1997). In the Gaza Strip diesel is fully

authorized as fuel for all types of cars.

3.4 Gasoline

Gasoline, a by-product of petroleum, contains carbon and hydrogen. This factor allows
the fuel to burn freely and to create extensive heat energy. Two types of gasoline are used:
leaded and unleaded. Leaded gasoline has a higher octane rating than unleaded
gasoline and is more effective as a valve and valve seat lubricant; however, leaded gasoline
has almost been discontinued, because engines that use it emit a great amount of harmful
hydrocarbons that pollute the atmosphere. Engines that use unleaded gasoline emit
fewer hydrocarbons, have fewer combustion chamber deposits, and provide a longer life
for spark plugs, exhaust systems, and carburetors; however, unleaded gasoline emits
about the same amount of carbons gasoline emits about the same amount of carbon
monoxide and nitrogen oxide as leaded gasoline (Engine Mechanics, 2008b). In Gaza
governorate leaded and unleaded gasoline are fully authorized to be used as traditional fuel

for all kinds of cars.



3.5 Health and Environmental Impacts of fuels

Many studies were published and comparatively discussed the health and environmental
impacts of the chemical materials and gases emitted from the combustion of the different
types of vehicle fuels, both traditional and alternative fuels. Most of these scientific studies
favors the alternative fuels as health and environmentally sounded fuels that positively
ameliorates the negative impacts of the traditional fuels on the living organisms and their
ecosystems. A detailed presentation of these studies is mentioned in the previous chapter of

the literature review.

In our study, the data related to health complains of the drivers were summarized as single
parameter that reflects the number of complains of the drivers and then calculated as

percentage.

3.6 Knowledge, Attitude and Practice (KAP)

KAP Studies are usually performed to tell what people know about certain things, how
they feel and also how they behave. The three topics that a KAP study measures are

Knowledge, Attitude and Practice.

The Knowledge possessed by a community refers to their understanding of any given
topic. In our case the use of LPG as a car fuel is the topic of our KAP study. Attitude
refers to the driver's feelings and believes towards this subject, as well as any preconceived

ideas that they may have towards it. Practice refers to the ways in which the drivers



demonstrate their knowledge and attitude through their actions regarding the use or

switching to LPG as car fuel.

Understanding the levels of Knowledge, Attitude and Practice of the drivers at the Gaza
Strip will enable a more efficient process of awareness creation as it will allow the
proposed programs for LPG switching to be tailored more appropriately to the needs of
community and the benefits on the public and environmental health (Kaliyaperumal,

2004).

3.7 Volatile organic compounds (VOCs)

The researcher used a device (C-21 VOC Gas Sensor) to measure VOCs inside the car, this
device valid to measure leakage of LPG, diesel and gasoline car fuels and gases emitted

from combustion of these fuels.

VOCs are emitted as gases from certain solids or liquids. VOCs include a variety of
chemicals, some of which may have short- and long-term adverse health effects.
Concentrations of many VOCs are consistently higher indoors (up to ten times higher) than
outdoors. VOCs are emitted by a wide array of products numbering in the thousands.
Examples include: paints and lacquers, paint strippers, cleaning supplies, pesticides,
building materials and furnishings, office equipment such as copiers and printers,
correction fluids and carbonless copy paper, graphics and craft materials including glues
and adhesives, permanent markers, and photographic solutions. Organic chemicals are
widely used as ingredients in household products. Paints, varnishes, and wax all contain

organic solvents, as do many cleaning, disinfecting, cosmetic, degreasing, and hobby



products. Fuels are made up of organic chemicals. All of these products can release organic
compounds while we are using them, and, to some degree, when they are stored

(Environmental Protection Agency, 2008).

In the present work, VOC levels were measured inside cars while engines are working, and

correlations and comparisons were investigated between different cars.



Chapter 4

Materials and methods

4.1 Study Design

The present work was designed as cross sectional study, which is useful for the descriptive
purposes. It is less costly and saves time and efforts. Cross-sectional study can give some
indications about the association among different exposures or variables under

investigation and their outcomes (Mann, 2003).

4.2 Setting

This study was carried out in the five governorates of the Gaza Strip: North, Gaza, Mid
Zone, Khanyounis, and Rafah, with sample size relatively compatible, as much as possible,
with the population size of each governorate. Field works were conducted at the five

governorates of the Gaza Strip between May 2008 to August 2008.

4.3 Target Population

The target population of the present work was the LPG, Gasoline, and Diesel car drivers

in the different governorates of the Gaza Strip.



4.4 Ethical Consideration

The approvals of the present study were obtained from the Helsinki committee (Annex 3)
and occupational health department at the Palestinian MOH, as well the Palestinian MOT.
The researcher explained the purpose and objectives of the study as well as the name of the
researcher, and he declared and committed to the participant about the confidentiality of
the study. After the free acceptance, the subjects were asked to fill the proper questionnaire
(Annex 4). At the end of the questionnaire the participant driver signed the consent
statement of the study. The inclusion in the study was optional and confidential. Neither
name nor personal data were published. All ethical considerations were maintained,

including respect of people, truth and confidentiality.

4.5 Research Tools

In order to achieve the objectives of the present work, the researcher relied on close ended

questionnaire together with the measurements of VOC as the main tools of the research.

4.5.1 Questionnaire:

The data was collected by using close-ended questionnaire which was constructed and
conducted in Arabic language. The questionnaire (Annex 4) was designed to include six
major components with 53 items:

1- Socio-demographic and general characteristics of the drivers (8 items).

2- Technical and descriptive information about the cars of the drivers (6 items).

3- Knowledge of drivers towards using of LPG as alternative fuel (13 items).



4

Attitude of drivers towards using of LPG as alternative fuel (6 items).

5

General practice of all Drivers (7 items).

6- Specific practice of LPG drivers towards using of LPG as alternative fuel (7 items).

~
1

Health status and health complains addressed by all drivers (6 items).

The items and components of the questionnaire were arbitrated and validated at three
levels. The first was criterion related validity that depended on the construction of
questionnaire items after reviewing the related literature. The Second was content validity;
the questionnaire was checked by university scientists and experts (Annex 5). The
objectives of the study were attached with the questionnaire form. Some of the items were
added, some modified and some were excluded. The third level is through piloting
procedure, where the fifteen copies where distributed to volunteers and the questionnaire

content was also modified for confusion, redundancy and time factors.

The questionnaire was distributed to the drivers at the traffic stations and location where
the drivers grouped (like gas supply station) of the five governorates. The researcher
explained the purpose and objectives of the study and he declared and committed to the
participant about the confidentiality of the study. After the free acceptance, the subjects
were asked to fill the proper questionnaire. The average time for filling the questionnaire

was about ten minutes.

The data related to health complains of the drivers were summarized as single parameter
that reflects the number of complains of the drivers and then calculated as percentage. The

driver who mentioned 6 complains was scored as 100 % complain, while who mentioned



no complains was scored as 0 % complain. The others categories were: 20 %, 40 %, 60 %,

80 % complains which correspond to 1, 2, 3, 4 complains respectively.

4.5.2 Measurements of VOC:

Additionally, the levels of VOC were measured using the C-21 VOC Gas Sensor (ECO
Sensors, Inc., USA) which is suitable to relatively quantify the amount of the leakage of
VOC of LPG, diesel, and gasoline inside the car space. The bargraph (LCD screen) of the
VOC apparatus displays the following results: < 20 ppm, 40 ppm, 50 ppm, 100 ppm, and
140 ppm which respectively correspond to normal/accepted, caution/moderate,

danger/high, very high, and the highest.

The C-21 VOC Gas Sensor device was examine and calibrated as mentioned in the
manufacture instructions to measure volatile home gas, car fumes and volatile fuel like

gasoline and kerosene.

4.6 Pilot Study

About fifteen drivers were assigned for the piloting stage of the present work. The
questionnaires of the 15 volunteer's drivers were not included in the data analysis and
treatments. The volunteer drivers were asked freely to answer the questionnaire and the
VOC measurements were performed on their cars. The questionnaire content was modified
for confusion, redundancy and time factors, while The C-21 VOC Gas Sensor device set up

and calibration were maintained in the piloting stage.



4.7 Study Population and Sampling

The study population of the present work was all LPG, gasoline, and diesel car drivers

who are working at the different governorates of the Gaza Strip.

4.7.1 Eligibility criteria:

4.7.1.1 Inclusion criteria:

All drivers more than or equall18 years old, powering their car engine with LPG, diesel or

gasoline and residence in the Gaza Strip were eligible for the study.

4.7.1.2 Exclusion criteria:

Any driver who is less than 18 years old, using food oil as engine fuel, not living in the

Gaza Strip, were excluded from the present study.

4.7.2 Sample size:

The sample size of the present study was calculated according to the published tables by
the University of Florida, USA, which provides the sample size for a given set of criteria.
In determining the sample size, we calculate it under 10% Precision Level. In our study,
almost 58,700 vehicles are working on the Gaza Strip, which approximately represent the
number of the practicing drivers. Accordingly, our samples size should be at least 100

drivers/cars. For no-responsive expectations, and to avoid low number of cases and hence



low frequencies per cell our provisional sample size has been increased and 255

questionnaires were distributed to the drivers (Glenn, 2003).

4.7.3. Sampling procedure:

The sample size from each governorate was, as much as possible, comparable to the
population size of each governorate. From each governorate the driver's samples were

selected mainly from cars stations according to the convenience sampling procedure.

4.8 Data treatment and Statistical analysis

The data from the questionnaire were tabulated, encoded and statistically analyzed using
the Statistical Package for the Social Sciences (SPSS) version 13. The following
measurements and tests were performed aiming at the description, identification of
significant relationship, correlations and differences among the health status, knowledge,

attitude, and practice of the respondent drivers of the present study.

4.8.1 Frequency tables:

The cross tabs procedure was followed to present the frequencies of the different items of

the questionnaire. Moreover all significances were mentioned on each table.



4.8.2 Chi square test:

The chi square test was used to determine whether the difference in frequency (percentage)
among the same groups is significant or not, which means significance between row

percentages in a single column of a table.
4.8.3 Z-test:

For significance determination of the difference between two population proportion
(differences between column percentages in a single row of a table), the Z-test was used

and calculated according to the following equation:
(B, —§,)-(p,— p,) whereﬁgxl*xz

i 1 n,+Nn,
\_/ p-Q- ﬁ)‘(m +an

X1 and X, are the numbers in the first (n;) and second (n,) population samples respectively.
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P value = 1- Z (Daniel, 1991).

4.8.5 The spearman rank correlation coefficient :

The correlation between two variables was determined using the spearman rank correlation
coefficient: (also known as Spearman's rho) which yields a statement of the degree of

interdependence of the scores of the two rank-ordered scales.

4.8.6 The Kruskal —Wallis test:

The Kruskal —~Wallis test is one-way analysis of variance by ranks and was used for testing

equality of population medians among groups.


http://en.wikipedia.org/wiki/Median

Chapter 5

Results and Discussion

5.1 Introduction

The present study was conducted at the five governorates of the Gaza Strip and aimed at
the investigation of the health status of the car drivers in relation to type of fuel they used,
meanwhile it further aimed at the evaluation of the knowledge, attitude and practices of
vehicle drivers toward the use of LPG as a alternative fuel in Gaza Strip. Also it aimed at
the recommendation of preventive measures that could improve the new experience in
using the LPG as car fuel in the Gaza Strip. Up to our best knowledge and available
published resources, our study could be considered as the first ever study that address the

topic of LPG switching.

5.2 Data Collection and Statistical Analysis

Close ended questionnaire was the main tool of the present study, meanwhile the
researcher measured the VOC using the C-21 VOC Gas Sensor. The SPSS version 13
program was used for treatment of data and statistical analysis. Differences and correlation
were considered significant at p<0.05. different statistical measurements and tests were
performed aiming at the description, identification of significant relationship, correlations
and differences among the health status, knowledge, attitude, and practice of the
respondent drivers of the present study. Details about the statistical tests performed were

mentioned in the previous chapter (chapter 4 the materials and methods).



5.3 Presentation of the Results

5.3.1 Respondent Rate:

Two hundreds fifty five questionnaire were distributed by the researcher to the drivers who
were sampled by convenient sampling. Appreciatively, 230 of the 255 drivers filled the
questionnaire which indicated a total response rate of 90.2 %. The distribution of the

respondent drivers in the different governorates is mentioned in Table (5.1).

Table (5.1): Distribution of participated drivers (n=230) of the different governorates

Governorate | Number Percentage
North 44 19.1
Gaza 57 24.8
Mid Zone 49 21.3
Khanyounis 47 20.4
Rafah 33 14.3
Total 230 100

The relatively high response rate (90.2 %) of the drivers reflects considerable level of
awareness and responsiveness to the topic, aims and objectives behind performing the

present work. Also, it could provide us with an early indicators and signs when official

steps are being adopted to authorize the LPG cars in the Gaza Strip.




5.3.2 General characteristic of the respondent drivers:

The 230 respondent drivers were classified according to the type of fuel used during the
conduction of the present work. The number of car drivers who using LPG was 98
(42.6%), while those who using diesel or gasoline (D/G) was 132 (57.4%). The general
characteristics of the overall drivers as well as the general characteristics of the D/G and
LPG drivers were mentioned in Table (5.2). The mean age of the drivers was 33.46 +
10.17, the majority (76.1 %) of the drivers were in the age group 18-40 years. Fortunately,
none of the drivers was illiterate which relatively minimized heterogeneity of the
questionnaire results, while the category of drivers with at least 10 years of education

comprised 67.8 % of the sample.

Driving was the main profession of 45.2 % of the respondents, meanwhile 40.0 % of the

respondents were below 6 years of experience in driving.

The mean age of the respondent drivers (33.46 years), with more than three-fourths of
them between 18-40 years old, and that the primary profession of about half of them is
driving could be a reflection of the bad economical situation of the people of the Gaza

Strip due to the blockade administrated by occupation authorities.

The included drivers varied in the type of driving license, the majority 52.2 % having
commercial driving license, while 32.6 % having private driving license and 13.9 % having

general driving license. Three drivers 1.3 % were not holding driving license.



Table (5.2) General characteristics of the drivers

Overall drivers D/ G drivers LPG drivers
General characteristics (N=230) (N=132) (N=198)

N % N % N %
Age (years)
18-30 106 46.1 66 50.0 40 40.8
31-40 69 30.0 30 22.7 39 39.8
41-50 37 16.1 25 18.9 12 12.2
> 51 18 7.8 11 8.4 7 7.2
Education
University degree (> 16 years) 49 21.3 27 20.5 22 22.4
Diploma (13-15 years) 17 7.4 6 4.5 11 11.2
Secondary school (10-12) 90 39.1 56 42.4 34 34.7
Preparatory school (7-9) 44 19.1 26 19.7 18 18.4
Primary school (1-6) 30 13.1 17 12.9 13 13.3
IHliterate 0 0 0 0 0 0
Driving license type
Private 75 32.6 37 28.0 38 38.8
Commercial /marketing 120 52.2 64 48.5 54 57.1
General 32 13.9 28 21.2 4 4.1
Not holding driving license 3 1.3 3 2.3 0 0
Profession
Driver 104 45.2 74 56.1 30 30.6
Technician 45 19.6 26 19.7 19 194
Worker 31 13.5 14 10.6 17 17.3
Governmental staff 31 135 10 7.5 21 214
Nongovernmental staff 19 8.2 8 6.1 11 11.3
Experience in driving
1-5 years 92 40.0 54 40.9 38 38.8
6-10 61 26.5 31 23.5 30 30.6
11-20 51 22.2 28 21.2 23 23.4
21-30 15 6.5 12 9.1 3 3.1
>31 11 4.8 7 5.3 4 4.1




5.3.4 General characteristic of the included cars:

The general characteristics of the cars included in the present work were mentioned in
Table (5.3). The cars age varied from the 1970 to 2004, while the median car age was 22.0
years. The majority (63.9 %) of cars were produced between 1980-1989. Cars that license
as private vehicles constituted 74.3 % of the over all cars, and 62.9 % of the D/G cars and
89.8 % of the LPG cars. Valid license and insurance was reported in 78.7 % and 50.43 %

respectively of the overall cars, while 50.0 % of the overall cars were licensed and insured.

According to official license of the cars, non of the car engine was authorized to work on
LPG, while 63.0 % were authorized as gasoline engine and 37.0 % as diesel engine.
However, 42.6 % of the car engines are currently working on LPG, 48.7 % on diesel, and

only 8.7 % on gasoline.

The economical crisis and the constrains applied by the occupation authorities are reflected
clearly in the mean age (20.41 years) of the cars working on the roads of the Gaza Strip,
with two-thirds of them were produced between 1980-1989. The poor quality of life of the
people is also obvious from the percentage of cars (50.0 %) that are licensed to work and

insured.

Opportunely, the proposal for adopting and authorizing LPG as a vehicles fuel in Palestine
was discussed and approved by the Minister Council in 2006, however, neither the official
decision was yet declared nor the methodology for switching cars to LPG was approved.
Although, 42.6 % are currently working on LPG with no official or specialized follow up

and consideration.



Table (5.3): General characteristics of the included cars

General characteristics Overall cars D /G cars LPG cars
(N= 230) (N=132) (N= 98)
Production year N % N % N %
2000-2004 16 7.0 11 8.3 5.1
1990-1999 61 26.5 40 30.3 21 21.4
1980-1989 147 63.9 78 59.1 | 69 70.4
1970-1979 6 2.6 3 2.3 3 3.1
Car licensed as
Private 171 74.3 83 629 | 88 89.8
Commercial/marketing 30 13.1 21 15.9 9 1.0
General 29 12.6 28 21.2 1 9.2
License validity
Valid 181 78.7 104 | 78.8 77 78.6
Not valid 49 21.3 28 21.2 21 21.4
Insurance validity
Valid 116 50.43 67 50.8 49 50.0
Not valid 114 | 49.57 65 49.2 49 50.0
Both license and insurance validity
Valid 113 49.13 66 50.0 47 48.0
Not valid 115 50.87 66 50.0 51 52.0
Car authorized fuel
Gasoline 145 63.0 47 356 | 98 | 100.0
Diesel 85 37.0 85 64.4 0 0
Current fuel used
LPG 98 42.6 0 0 98 100
Gasoline 20 8.7 20 15.2 0 0
Diesel 112 48.7 112 84.8 0 0




5.3.5 Knowledge of the drivers toward the use of LPG as car fuel:

Table (5.4) summarizes the knowledge of the drivers (D/G, and LPG) toward the use of
LPG as car fuel. Interestingly, all the respondent drivers revealed a knowledge about the
use of LPG as car fuel, while the majority of them (61.4 % of the D/G drivers and 74.5 %
of the LPG drivers) have knowledge about the methodology for LPG switching. The
percentage of LPG drivers who have a knowledge about the methodology of how LPG is
used as car fuel was significantly higher than that of D/G drivers, p=0.019. Expectantly,
the major knowledge source for D/G and LPG drivers (43.9 % and 79.0 % respectively)
about LPG is the car technicians, which could be considered significantly when the
responsible authorities design their programs and advertisements aiming at the

encouragement of the drivers for LPG switching.

The majority of the drivers (80.3 % of the D/G and 72.4 % of LPG) knew that LPG is not
an authorized car fuel yet in the Gaza Strip. However, and despite of their reduced
percentage, some drivers believed incorrectly that LPG is already authorized for car use.
When the drivers were questioned about their knowledge regarding the LPG switching
whether it performed within authorized atelier or not, they (87.9 % of D/G and 85.7 % of
LPG) showed good knowledge that all LPG switching occurred with unauthorized ateliers.
The main cause of increasing maintenance and reduced efficiency of LPG cars was the
conversion by unapproved specialist and/or ateliers. Therefore, it should be taken into
consideration that only specialized and experienced ateliers are authorized and followed up

for LPG switching (Karamangil, 2007).



Although of its health, and environmental soundness, however, the vast majority of the
drivers (79.5 % of D/G and 71.4 % of LPG) attributed the LPG switching to the
economical impact of the LPG compared to diesel or gasoline. The constrains powered by
the occupation authorities in terms of gasoline and diesel scarcity and continued increasing
prices could be a direct explanation for the LPG switching in the Gaza Strip.
Unfortunately, lower percentages of the drivers (8.3 % of the D/G and 35.7 % of LPG)
showed correct knowledge about the healthy and environmentally advantages of LPG.
However, the percentage of LPG drivers was significantly higher that of D/G drivers, p
<0.001. Therefore, the responsible authorities should focus on the environmental and

health issues together with the economical impacts when advertising the LPG switching.

Regarding the security and public safety of LPG switching under the current way and
conditions, the vast majority of the drivers (93.9 % of D/G and 75.5 % of LPG) expressed
their anxious and worries about public safety. In this it is worthwhile to mention that a
considerable number of explosive accidents from LPG leakage were attributed to the
haphazard and unauthorized switch to LPG (Sugie et al., 2004). Therefore, and to secure
public safety from a relatively preventable explosions and fires, specific standards and

constrains must be adopted when the LPG switching is approved in the Gaza governorates.

The drivers of the present study (83.3 % for D/G and 78.6 %for LPG) showed a good
knowledge with regard to the increased injuries and impairments of the LPG engine as well
as (84.8 % of D/G and 76.5 % of LPG) to the negative change of the LPG engine
mechanical power compared to diesel or gasoline engines. The reports and studies in this
regard explain the increased injuries and impairments of the LPG engine to the non-

lubricating nature of the LPG fuel as compared to gasoline or diesel which continuously



provide the car engine with lubrications needed for the power valves to work properly.
Absence or reduced valve lubrication results in valve damage and therefore increase
injuries and reduce the life of the engine. This issue is not applicable for the cars that
originally built-in to work on LPG. However, for switched cars, which is also known as
hybrid fuel or dual fuel cars, powering the engine regularly with gasoline or diesel could

solve the lubrication problem properly (Katsuaki et al., 1999; Kimihiko et al., 2000).

Reports also mentioned a power loss of about 4 -20 % among engines that have been
converted to burn LPG. However, solutions for the reduced power of the LPG engines
could be overcame by using superchargers or turbochargers to increase the volume of air
that's burned with LPG in the engine's combustion chambers (Naoya et al., 1999; Leea &

Ryub, 2005; Olvera, 2008).

On the other hand, the regular maintenance of the engine can be reduced when using LPG.
Using LPG reduces the wear and tear on spark-ignited engines. Engine oil does not need to
be changed as frequently, plus spark plugs and engines have been found to last longer than
cars powered by gasoline. Typically, LPG-fueled cars start easier in cold temperatures, too,

but the opposite can be true in hot days (Olivera, 2008).


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V3B-4FDMVS7-2&_user=10&_coverDate=06%2F30%2F2005&_rdoc=1&_fmt=full&_orig=search&_cdi=5726&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=2e64463bd5616477680eb4ce3d1554f0#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V3B-4FDMVS7-2&_user=10&_coverDate=06%2F30%2F2005&_rdoc=1&_fmt=full&_orig=search&_cdi=5726&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=2e64463bd5616477680eb4ce3d1554f0#aff2

Table (5.4) knowledge of drivers toward the use of LPG as car fuel

D/G LPG Z test
N=132 N=98
Item / Question
N % Chi p N % Chi P z P
sq value sq value | value | value
Knowing that LPG used as car fuel
Know | 132 | 100 | | 98 | 100 | | | |
Knowledge about how LPG is used as cars fuel
Yes | 81 | 614 | 682 [ 0009 | 73 | 745 | 2351 | 0.000 | 2.09 | 0.019
Source of knowledge
Car technicians 58 43.9 48 | 49.0 0.77 | >0.05
media 12 9.1 9525 | 0.000 | 16 | 16.3 | 69.74 | 0.000 | 1.65 | 0.049
Others 5 3.8 6 6.1 0.80 | >0.05
Formal organizations 6 4.5 3 3.1 0.54 >0.05
LPG is authorized as car fuel
yes | 26 | 197 | 46.8 [ 0.000 | 27 | 27.6 | 19.76 | 0.000 | 1.41 | >0.05
Up To your knowledge, the Reason behind using LPG as car fuel
Economical 105 | 79.5 70 | 714 1.42 | >0.05
Obligatory 19 14.4 | 338.70 | 0.000 | 26 | 26,5 | 72.82 | 0.000 | 2.29 | 0.011
Environmental 3 2.3 2 2.0 0.15 | >0.05
Health 5 3.8 0 0.0 1.95 | 0.026
Switching to LPG is performed by authorized atelier
Yes | 16 | 121 [ 68.26 [ 0.000 | 14 | 14.3 | 46.34 | 0.000 [ 0.49 | >0.05
LPG is healthy and environmentally sounded fuel
Yes | 11 | 83 [ 9167 [ 0.000 [ 35 | 35.7 | 8.00 | 0.005 | 5.14 [ 0.000
In the current way, LPG is secure for public safety
Yes | 8 | 64 [ 101.94 [ 0.000 | 24 | 245 | 2551 | 0.000 | 3.99 [ 0.000




Continue, Table (5.4) knowledge of drivers toward the use of LPG as car fuel

D/G LPG Z test
N=132 N=98
Item / Question N % Chi P N % Chi P Z P
sq value sq value | value | value
Using LPG will affect motor injury (impairments) .
Increased 110 83.3 | 58.67 | 0.000 | 77 | 78.6 | 32.00 | 0.000 0.90 >0.05
Decreased 22 16.7 21 | 21.4 0.90 >0.05
Reduction in fuel cost when using LPG .
<20 % 21 159 | 53.30 | 0.000 | 12 | 12.2 | 35.39 0.00 0.79 >0.05
20-40 % 66 50.0 26 | 26.5 3.60 0.000
40-60 % 31 23.5 48 | 49.0 4.03 0.000
> 60 % 14 10.6 12 | 12.2 0.38 >0.05
Expected change in motor power with LPG .
Positive 9 6.8 87.68 | 0.000 | 18 | 18.4 | 34.94 | 0.000 2.70 0.003
Negative 112 84.8 75 | 76.5 1.60 >0.05
No change 11 8.4 5 5.1 0.97 >0.05
For same amount of money,
Car moves more kilometers with
LPG 31 23,5 | 10.77 | 0.005 | 54 | 55.1 | 27.02 | 0.000 4.91 0.000
Diesel 61 46.2 12 | 12.2 5.48 0.000
Gasoline 40 30.3 32 | 32.7 0.39 >0.05
Up To your knowledge, the Best fuel for cars is
Diesel 95 72.0 | 69.82 | 0.000 6 6.1 | 74.04 | 0.000 9.96 0.000
Gasoline 32 24.2 72 | 735 7.43 0.000
LPG 5 3.8 20 | 204 4.00 0.000




With respect to economical benefits, 50 % of D/G drivers expected a reduction of 20-40 %
in fuel costs when switching to LPG, while 49.0 % of LPG drivers expected a reduction of
about 40-60 % of fuel costs. However, the D/G drivers voted for diesel and LPG drivers
voted for LPG for cars to move more kilometers with same amount of money. The
knowledge of the drivers toward the reduction in fuel cost and the functional kilometers
when conversion to LPG was satisfactory and comparable with the results of the studies
published in this regard. The LPG drivers expected a reduction of 40-60 % in fuel costs,
which is concomitant to the published figures which showed that running an LPG car can

help driver to save up to 50% on his fuel costs (Armstrong, 1980, Di Pascoli et al., 2001).

At last, the majority (72.0 %, p <0.001 ) of D/G drivers and the majority (73.5 %, p<
0.001) of LPG drivers are considering diesel and gasoline respectively as best fuel for their
cars. This could be explained and related to different interfering factors. One of these
factors is the disorganized switching to LPG by unapproved and less experienced motor
technicians, which put the drivers under hesitated and uncertain situation. Secondly, the
absence of the LPG fuel stations that facilitates and allows the direct filling of the LPG
tank or cylinder conveniently. Thirdly, is the absence of informative brochures and
pamphlets that could guide the drivers towards all advantages of LPG and hence enhance
his believe and trust in the LPG as alternative fuel with all personal and environmental
benefits. Last but not least, is the lack of support and advertisement for the LPG from the
responsible authorities in Palestine represented by the related ministries like transportation,
environmental affairs, finance, and petroleum and energy authorities? We could expect an
increased number of drivers switching their car engine to LPG if the conversion occurs

under the full supervision and responsibility of the ministry of transportation.



5.3.6 Attitude of drivers toward the use of LPG as car fuel:

The responses to the questions about the attitude of the drivers toward the use of LPG are
mentioned in Table (5.5) and constituting five items. Significantly higher percentage (66.3
%, p =0.001) of LPG drivers supported the introduction of LPG as car fuel, while the
majority (81.1 %) of D/G drivers did not support the LPG as car fuel. Although the drivers
in their general knowledge favored diesel and gasoline over LPG, however, in their attitude
the LPG drivers significantly (66.3 %, p <0.001) supported the introduction of LPG as car
fuel, and they greatly preferred (75.5 %, p <0.001) it to be introduced under legal and
official conditions. Unfortunately the D/G drivers don’t favor (81.1 %, p ,0.001) LPG
introduction even under legal and official conditions (65.9 %, p< 0.001), and this could be
explained due to lack of experience of those drivers in manipulating and utilizing LPG as
car fuel. The attitude of those D/G drivers could be changed if they take the opportunity to

use LPG cars.

When the drivers were asked about the preferable fuel under equal or comparable
economical benefits, the majority (82.7 %) of LPG drivers preferred the LPG. However,
53.8 % of D/G drivers significantly preferred diesel, 42.4 % preferred gasoline, and only

3.8 % preferred LPG.

Regarding the attitude of the drivers toward the recommendation of LPG as car fuel, the
majority of D/G drivers (83.3 %) and LPG driver (71.4 %) supported the economical point
of view in recommending LPG as car fuel, while only 5.7 % of the drivers could

recommend it due to environmental and health considerations. The environmental and



health positive impacts of LPG were not among the attitude of the drivers for advertising
and recommending LPG. The majority of the D/G and LPG drivers thought that LPG could
be recommended for economical point of view. The unconsciousness of the environmental
and health benefits of LPG as car fuel and its role in reducing the emissions that threaten
the environment and public health could be solved through organizing workshops, media
programs and meetings, brochures, and providing the people with facts and information in

this regard.



Table (5.5) Attitude of drivers toward the use of LPG as car fuel

D/G drivers LPG Z test
N= 132 N=98
Item / Question N % Chi P N % Chi P Z P
sq value sq value | value | value

Support using LPG as car fuel

Yes | 25 [ 18.9 | 50.94 | 0.000 | 65 | 66.3 | 10.45 | 0.001 | 7.28 | 0.000
LPG is the best fuel for the car engine

Yes | 18 | 13.6 | 78.07 | 0.000 | 68 | 69.4 | 14.74 | 0.000 | 8.65 | 0.000
Agree to use LPG in the present conditions

Yes | 37 | 28.0 | 2549 | 0.000 | 55 | 56.1 | 1.47 | 0.225 | 4.30 | 0.000
Agree to use LPG under legal and official conditions

Yes | 45 | 341 ] 1336 | 0.000 | 74 | 755 | 2551 | 0.000 | 6.21 | 0.000
At equal (comparable) economical benefits, the preferred fuel

Gasoline 56 | 42.4 81 | 82.7 6.16 0.000

Diesel 71 | 53.8 | 5441 | 0.000 | 5 51 | 108.2 | 0.000 | 7.76 0.000

LPG 5 3.8 12 | 12.2 2.40 0.000
LPG could be recommended

Economically 110 | 83.3 70 | 714 2.16 0.015

Environmentally 3 2.3 | 365.23 | 0.000 | 2 20 | 5521 | 0.000 | 0.15 | >0.05

Healthily 6 4.6 2 2.0 1.06 | >0.05

Safely 13 9.8 24 | 24.6 3.02 0.001




5.3.7 General practice of the drivers:

Table 5.6 presented the general practice of the 230 drivers, while the specific practice of

the LPG drivers toward the use of LPG is mentioned in Table (5.7).

As shown in Table (5.6), the majority of the D/G drivers (65.9 %) and the majority of the
LPG drivers (65.3%) check up their car engine only when it impaired. Both D/G and LPG
drivers revealed a low level of awareness and attentiveness with regard to safety measures
in cars like fire extinguishers and first aid kits. The majority of cars (67.4 %) are working
on roads without fire extinguisher, while 83.0 % are did not have first aid Kit. It is obvious
that the majority of the drivers expressed less attention to the maintenance of their cars,
and also to the presence of safety measures that could prevent or minimize the threatens on
the car users and the public safety as well. These maintenance and safety items should
occupied the attentiveness of the drivers in general, however, responsible authorities must

check them when working license is to be renewed.

A significant higher percentage (60.6 %) of D/G drivers revealed a daily driving hours in
the range of 7-12 hours, while the significantly higher percentage of LPG drivers (55.1 %)
spend less than 6 hours per day in driving. However, the majority of both categories of

drivers considered some relax hours during daily driving.

Smoking was found to be allowed by more than half of the drivers. The Smoking inside
cars is allowed by (59.8 %) of D/G drivers and by 55.1 % of the LPG drivers, no
significant difference was reported between the two categories with regard to allowed

smoking, p >0.05.



Table (5.6) General practice of all

drivers

D/G LPG Z test
N=132 N=92
Item / Question N % Chi P N % Chi P Z P
sq value sq value | value | value

Duration of engine checkup and Safekeeping

< 6 moths 30 | 22.7 20 | 204 0.41 >0.05

7-12 moths 14 | 10.6 | 130.61 | 0.000 | 13 | 13.3 | 92.49 | 0.000 | 0.62 >0.05

> 12 months 1 0.8 1 1.0 0.16 >0.05

Only when impaired 87 | 65.9 64 | 65.3 0.09 >0.05
Smoke released from exhaust

Yes | 47 | 356 | 10.94 [ 0.001 | 26 | 26,5 | 21.59 | 0.000 | 1.46 | >0.05
Presence of fire extinguisher

Yes | 46 | 34.8 | 12,12 [ 0.000 | 29 | 29.6 | 16.33 | 0.000 | 0.83 | >0.05
Presence of first aid Kit

Yes | 22 | 16.7 | 1552 [ 0.000 | 17 | 17.3 | 40.92 | 0.000 | 0.08 | >0.05
Number of daily driving hours

< 6 hours 44 | 33.3 54 | 55.1 3.30

7-12 hours 80 | 60.6 | 58.91 | 0.000 | 42 | 42,9 | 45.39 | 0.000 | 2.65

> 12 hours 8 6.1 2 2.0 1.50 >0.05
Relax during daily driving

Yes | 114 | 86.4 | 69.82 [ 0.000 | 82 | 83.7 | 4356 | 0.000 | 0.78 | >0.05
Smoking allowed

Yes | 79 | 59.8 | 512 [ 0.024 | 54 | 551 | 1.02 [ 0312 | 071 | >0.05




In this regard and as LPG is suspicious explosive gas, smoking must be prohibited in LPG
cars, otherwise, public safety is vulnerable for dangerous accidents. Different reports and
cases showed dangerous accidents due to cigarette smoking behind LPG sources (Chang &
Lin, 2006; Brook, 2008; Stokes, 2008) Therefore, direct and powerful measures and

restrictions must be applied for smoking in cars especially cars powered by gaseous fuels.

5.3.8 Specific practice of the LPG drivers:

Table (5.7) showed the specific practice of the LPG drivers toward the use of LPG for their
car engines. The higher and significant percentage of the drivers were switched their car
engine to LPG since 6-12 months, P= 0.001. This could be attributed to the deteriorated
economical situation together with the severity of the blockade and scarcity of regular fuel
supply in the last year enforced the majority of the drivers of the present study to convert

engines to LPG, which is relatively less scarce fuel as it used in household purposes.

A significant percentage (52.0 %, p =0.001) of the LPG drivers utilize weekly 4 or more
LPG cylinders of 12 Kg. This amount should be considered well by the Ministry of
Transportation and Petroleum and energy authority before authorizing the LPG as car fuel
which may affect the household quota of LPG and resulted in LPG shortage for cooking

and heating.

Fortunately, the majority of LPG drivers did not report unpleasant odor or unburned gas
inside or outside cars, or gas odor on clothes. The vast majority of the drivers (about 93 %)
did not report fire or explosive accident while powering engines with LPG. The odorless

and the safe status of the cars reported by the LPG drivers may reflect a good methodology



in conversion of engine to LPG by the unauthorized motor technicians. Luckily, the
majority of LPG drivers did not report criticism upon using LPG as car fuel, which give an

early prediction of the acceptability of LPG by the public.

Table (5.7): specific practice of LPG drivers

Item Number % Chiseq | p-value

Using LPG since

< 6 months 17 17.4
6-12 months 51 52.0 18.02 0.000
13-24 months 30 30.6

Average weekly consumption of LPG cylinders (12 Kg)

One or less 33 33.7

2-3 13 13.3 17.60 0.001

4-5 15 15.3

>5 37 36.7
Unpleasant odor smelling (inside car) during driving

Yes 40 40.8 3.31 0.069
Unburned gas odor smelling from exhaust

Yes 41 41.8 2.61 0.106
Fire or explosive accident while using LPG

Yes 7 7.1 71.02 0.000

Criticism arise by passengers for using LPG

Yes 36 36.7 6.44 0.011

Gas odor on clothes when return home

Yes 17 17.3 40.92 0.000




5.3.9 Health status of car drivers:

The health status of the drivers was investigated and the results were shown in Table (5.8).
The majority (70.4 %) of LPG drivers expressed no negative changes on their health status
after switching to LPG, while the majority of the D/G drivers (59.1 %) reported a negative
change in health status due to driving. A significantly higher parentage of D/G drivers
(53.0 %) reported headache compared to only 21.4 % of the LPG drivers. The same higher
significant percentages are found in D/G drivers when compared to LPG drivers for
complains related to blurred vision, and nausea. However, when health complains are

related to dyspenea and depression, the differences were non significant, p >0.05.

The health complains score also significantly favors LPG as better fuel on driver health.
Kruskal-Wallis test revealed a significant (Chi square = 18.39, p=0.000) difference
between the health status (as percentage of complain score) and the type of fuel used by the
drivers. Drivers using LPG showed the lowest complains score followed by diesel users,
while gasoline users with the highest complain score. The mean ranks were 95.45, and

127.56 and 148.28 respectively.

The health complains score (zero to 100) revealed that a significantly higher proportion of
LPG drivers (55.1 %) compared to 28.8 % of D/G drivers reported no complains at all.
While highest complains score of 100 was reported significantly in 11.4 % of D/G drivers
compared to 2.0 % of LPG drivers. Additionally, a significant (Chi —square = 25.85,
p=0.000) differences were reported between the health status (as percentage of complain
score) and the measured VOC. Non significant differences were reported in health status of

the drivers when tests for the driver age, education level, and experience of the drivers.



Table (5.8): health status of car drivers

D/G drivers LPG drivers Z test
N=132 N= 98
Item / Question N % Chi P N % Chi P Z P
sq value sq value value value

Health status changed negatively

Yes | 78 [ 59.1 | 436 | 0.037 | 29 | 29.6 | 16.33 | 0.000 | 4.32 | 0.000
Headache while driving car

Yes | 70 | 53 | 0485 | 049 |21 [ 214 ] 3200 | 0.000 | 485 | 0.000
Blurred vision while driving car

Yes | 50 [ 37.9 | 7.76 | 0.005 | 12 | 122 | 5588 | 0.000 | 4.34 | 0.000
Nausea while driving car

Yes | 37 | 28 | 2549 | 0.000 | 13 | 13.3 | 5290 | 0.000 | 2.67 | 0.003
Dyspenea while driving car

Yes | 42 | 318 | 1746 | 0.000 | 25 | 255 | 2351 | 0.000 | 1.04 | >0.05
Depression and / or hopelessness while driving car

Yes 54 | 409 | 436 | 0.037 | 33 | 33.7 | 1045 [ 0.001 | 111 [ >0.05
Health complain score (zero to 100)

No complains 38 | 28.8 54 | 55.1 4.03 0.000

20 26 | 19.7 16 | 16.3 0.66 > 0.05

40 23 | 17.4 | 19.18 | 0.002 | 9 | 9.2 | 110.29 | 0.000 1.78 0.038

60 14 | 10.6 8 8.2 0.61 > (.05

80 16 | 12.1 9 9.2 0.69 > 0.05

100 15 | 114 2 2.0 2.69 0.004




For drivers using LPG, the Spearman rank correlation coefficient rs showed a direct and
significant correlation between the health complain score and the measured VOC (rs =0.42,
p = 0.000), the age of the car (rs =0.23, p = 0.022). While no significant correlations were
reported between the health complain score and driver experience (rs = - 0.04, p = 0.70),

driver age (rs =0.09, p = 0.35), and years of education (rs =0.06, p = 0.59).

On the other hand, drivers using D/G, the Spearman rank correlation coefficient rs showed
a direct and significant correlation between the health complain score and the measured
VOC (rs =0.32, p = 0.000), while no significant correlations were reported between the
health complain score and the age of the car (rs =-0.03, p = 0.76).driver experience (rs = -
0.06, p = 0.49), driver age (rs =-0.085 , p = 0.33), and years of education (rs =0.01, p =

0.88).

The relatively good health of the LPG drivers is concomitant with the published reports
about the safety of LPG on driver health which mainly due to the less emissions produced
by burning of LPG compared to gasoline and diesel. In this study, we also reported a
significant correlation between the health status of the drivers and the measured VOC

(Ristovski et al., 2005; IANGV, 2007; Yang et al., 2007).

5.4 Measurements of the volatile organic compounds (VOC)

Table (5.9) was assigned to present the amount as part per million (ppm) of the volatile
organic compounds that recorded inside the cars of the present work.
Both categories of cars showed more or less degree of VOC inside car, the higher

percentage of D/G cars (53.0 %) and LPG cars (49.0 %) recorded 20 ppm of VOC. While



6.1 % of LPG and 1.5 % of D/G cars recorded 50 ppm of VOC. Fortunately, higher

concentrations of VOC > 50 ppm were not reported in any of the cars of the present study.

Table (5.9): VOC measurements of cars

D/G cars LPG cars
(N=132) (N=98)
Voc (ppm) N % Chisq | Pvalue N % Chi Sq P value
0 7 5.3 1 1.0
20 70 | 53.0 | 103.21 0.000 48 | 49.0 73.02 0.000
40 53 | 40.2 43 | 43.9
50 2 15 6 6.1

A significant (Chi —square = 12.31, p=0.002) difference between the measurements of
VOC and the type of fuel used by the drivers was reported using Kruskal-Wallis test. The
lowest amount of VOC was recorded in diesel based engines, followed by LPG based
engines, while gasoline based engines showed the highest VOC score, the mean ranks were

respectively: 103.99, 122.24, and 151.72.

Although of the non significant correlation between the amount of VOC and the age of
LPG cars (rs = - 0.06, p = 0.58), however direct and significant correlation was reported in

D/G cars (rs = 0.31, p = 0.000).

Different studies and repots mentioned the impact of vehicle emissions (VOC, CO2, CO,
NO, PM) on the health and environments of the people in different countries. These studies
illustrated that LPG vehicles produces at least 20 % less CO,, 60 % less CO and 20 % less
NO than gasoline or diesel (Yang et al.,, 2007; Gasca et al., 2004). In our study the

statistical analysis revealed lowest VOC emissions to diesel cars followed by LPG and the




higher emissions to gasoline cars. The relatively higher emissions of LPG cars than diesel
cars could be attributed to random and unauthorized and unchecked conversion pipes and
system. This explanation is also supported by the insignificant correlation between the
amount of VOC and the LPG car age, while VOC amount was significantly correlated to of
D/G car age. Performing conversions under the full supervision and authority of Ministry
of transportation and by authorized motor technicians is expected to reduces the
emissions of the LPG cars and hence protect and keep the advantages of LPG on public

health and environment valid.

The present study which was performed in the different governorates of the Gaza Strip
emphasizes a considerable percentage of LPG cars that are working in the Gaza Strip. All
engine conversions to LPG were performed by unauthorized technicians. The overall
evaluation of knowledge, attitude and practices of the drivers toward the use of LPG as
alternative fuel demonstrated relatively unsatisfactory results. The public health and
environmental soundness of LPG as engine fuel were not among the concerns or approach
of the majority of the drivers who are forced to LPG switching either due to scarcity or
elevated prices of traditional fuels. Low levels of awareness attentiveness were concluded
for the practice of the drivers. However, the unchanged health status of the LPG drivers
may encourage other drivers to believe in and switch their car engine to LPG. Last but not
least, if the responsible authorities are indented to approve and permit the car engine
switching to LPG, a comprehensive informative, awareness and advertising programs
should be organized very well and aiming at the enhancement of the people to LPG

switching with more concentration on public health and environmental considerations.



Chapter 6

Conclusions and Recommendations

6.1 Conclusions

This present study, which conducted in the five governorates of the Gaza Strip, was
designed as cross sectional study and aimed at the investigation of the health status of the
car drivers in relation to type of fuel they used, meanwhile it further aimed at the
evaluation of the knowledge, attitude and practices of vehicle drivers toward the use of
LPG as a alternative car fuel in Gaza Strip. Also it aimed at the recommendation of
preventive measures that could improve the new experience in using the LPG as car fuel in
the Gaza Strip. Up to our best knowledge and available published resources, our study
could be considered as the first ever study that address the topic of LPG switching in Arab
world. Close ended questionnaire was the main tool of the present study. Additionally, the
researcher measured the level of VOC using the C-21 VOC Gas Sensor which is suitable to
relatively quantify the amount of the leakage of VOC of LPG, diesel, and gasoline inside

the car space.

Appreciatively, 230 of 255 drivers filled the questionnaire which indicated a total response
rate of 90.2 %. Our data showed an acceptable and satisfactory levels of randomness which
were verified by performing the runs test on the age and years of experience of the drivers.
The following paragraphs summarize the outcomes of the study.

Non of the car engines was authorized to work on LPG. However, 42.6 % of the car
engines are currently work on LPG, 48.7 % on diesel, and only 8.7 % on gasoline. Valid

license and insurance were reported in 78.7 % and 50.0 % respectively of the overall cars,



while 50.0 % of the overall cars were both licensed and insured. All the respondent drivers
revealed a knowledge about the use of LPG as car fuel, while the majority of them have
knowledge about the methodology for LPG switching, with car technicians were the major
source of knowledge. The vast majority of the drivers knew that LPG is not an authorized
car fuel yet in the Gaza Strip, also drivers showed good knowledge that all LPG switching

occurred with unauthorized ateliers.

Despite of the its health, and environmental soundness, however, the vast majority of the
drivers attributed the LPG switching to the economical impacts of the LPG compared to
diesel or gasoline. Unfortunately, low percentages of the drivers showed correct
knowledge about the healthy and environmentally advantages of LPG. The vast majority of
the drivers expressed their anxious and worries about public safety due to LPG switching
under the current way and conditions. The drivers showed a good knowledge with regard
to the increased injuries and impairments of the LPG engine as well as to the negative
change of the LPG engine mechanical power compared to diesel or gasoline engines.
While, nearly half of the drivers expected a reduction of 20-60 % in fuel costs when
switching to LPG. The majority of D/G drivers and LPG drivers are considering diesel and

gasoline respectively as best fuel for their cars.

Significantly high percentage of LPG drivers supported the introduction of LPG as car fuel
and they greatly preferred it to be introduced under legal and official conditions, while the
majority of D/G drivers did not support the LPG as car fuel even under legal and official
conditions. The environmental and health positive impacts of LPG were not among the
attitude of the drivers for advertising and recommending LPG as car fuel, where the

majority of drivers supported the economical point of view in recommending LPG as car



fuel. The majority of the drivers check up their car engine only when it impaired. They also
revealed a low level of awareness and attentiveness for safety measures in cars like fire
extinguishers and first aid kits. Surpassingly, smoking was found to be allowed by the

majority of the drivers.

Fortunately, the majority of LPG drivers did not report unpleasant odor or unburned gas
inside or outside cars, or gas odor on clothes. The vast majority of the drivers did not
report fire or explosive accident while powering engines with LPG. The majority of LPG
drivers expressed no negative changes on their health status after switching to LPG, while
more than half of the D/G drivers reported a negative change in health status due to
driving. A significantly higher parentage of D/G drivers reported headache/ blurred vision/
nausea compared to the LPG drivers. The health complains score percentage significantly
favors LPG as better fuel on driver health. Drivers using LPG showed the lowest
complains score percentage followed by diesel users, while a gasoline user with the highest

complains score percentage.

All categories of cars showed more or less degree of VOC emissions, however the majority
of the cars revealed the lowest emission level of 20 ppm. Fortunately, higher
concentrations of VOC > 50 ppm were not reported in any of the cars of the present study.
The lowest amount of VOC was recorded in diesel based engines, followed by LPG based
engines, while gasoline based engines showed the highest VOC score. For all drivers,
direct and significant correlation was found between the health complains score

percentage and the measured VOC.



In conclusion, the present study emphasizes a considerable percentage of LPG cars that are
working in the Gaza Strip. All engine conversions to LPG were performed by unauthorized
technicians. The overall evaluation of knowledge, attitude and practices of the drivers
toward the use of LPG as alternative fuel demonstrated relatively unsatisfactory results.
The public health and environmental soundness of LPG as engine fuel were not among the
concerns or approach of the majority of the drivers who are forced to LPG switching either
due to scarcity or elevated prices of traditional fuels. The unchanged health status of the
LPG drivers may encourage other drivers to believe in and switch their car engine to LPG.
Last but not least, if the responsible authorities are indented to approve and permit the car
engine switching to LPG, a comprehensive informative, awareness and advertising
programs should be organized very well and aiming at the enhancement of the people to

LPG switching with more concentration on public health and environmental concerns.



6.2 Recommendations

According to the deteriorated economical situation at the Gaza Strip together with the

scarcity or elevated prices of traditional fuels, a considerable number of car drivers

illegally switched their vehicle engine to LPG instead of gasoline or diesel. Among the

aims of the present study was the recommendation of safety, preventive, and operative

measures that could improve the LPG switching experience in the Gaza Strip. Therefore,

the researcher, hereby, provides some recommendations that could help in improving new

experience of LPG cars. These recommendations are formulated based on the results of the

present study and on public health and environmental concerns.

6.2.1 Recommendations for ministries, authorities and official parties:

Organizing open and direct workshops and media meetings with officials, experts
and environmental and public health committees for the advantages and beneficial
effects of LPG as vehicle fuel.

Full and comprehensive discussions among the responsible parties with the
Palestinian Energy and petroleum authority for a comprehensive action plan that
identify and calculate the actual needs of LPG according to the number of
authorized LPG cars.

Full and detailed LPG switching guidelines preferred to suggested and approved by
the Palestinian measurements and standards authority. The approved guidelines
should be implemented and checked carefully before the authorization or renewal
of an expired LPG-based car operation license.

Activation and implementation of the 2006 ministry council resolution about

approving LPG as an authorized vehicles fuel in Palestine.



Declaration of the LPG approval decision in the official newspapers with attractive
advertising titles that could draw the public attention about the LPG as vehicle fuel.
General health checkup for drivers should be performed periodically for all drivers
at their car license renewal.

Safety measures and engine mechanical validity that include VOC measurements
should be performed regularly and unexpectedly on operating cars.

LPG switching license should be provided for ateliers and car technicians after
comprehensive assessments, and LPG cars can be authorized only if switching is
performed by an authorized ateliers and car technicians.

The drivers syndicate could play a major role in promoting drivers for LPG car
switching.

LPG filling stations should be authorized and established which will provide the
drivers with safer way for filling the LPG tanks.

Reducing the license renewal fees for LPG vehicles could enhance the public for

LPG switching.

6.2.2 Recommendations for future studies:

Other researchers should investigate the effects of the different fuels on the general
health of the drivers that include clinical and biochemical laboratory investigations.
Other researchers should investigate the knowledge, attitudes and practices of
passengers toward using of liquefied petroleum gas as a car fuel.

Other researchers should investigate the toxicological effects of the different fuel
fumes and emissions on the biochemical, immunological and hematological

parameters of the drivers.
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Panel of expert

The questionnaire were examined by a group of experts. Some items were added, modified
or excluded as a results of their comments.

1- Dr. Abed AllH Basheer
2- Dr. Nahedd Al-laham
3- Dr. Emad Abu El- Khir
4- Dr. Rawia Al- Shawa
5- Dr. Fuad Radwan
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IFAS EXTENSION

Determining Sample Size'

PEODG6

Glenn D. Israel?

Perhaps the most frequently asked question
concerning sampling is, "What size sample do I
need?" The answer to this question is influenced by
a number of factors, including the purpose of the
study, population size, the risk of selecting a "bad"
sample, and the allowable sampling error. Interested
readers may obtain a more detailed discussion of the
purpose of the study and population size in Sampling
The Evidence Of Extension Program Impact, PEOD-5
(Israel, 1992). This paper reviews criteria for
specifying a sample size and presents several
strategies for determining the sample size.

SAMPLE SIZE CRITERIA

In addition to the purpose of the study and
population size, three criteria usually will need to be
specified to determine the appropriate sample size:
the level of precision, the level of confidence or risk,
and the degree of variability in the attributes being
measured (Miaoulis and Michener, 1976). Each of
these is reviewed below.

The Level Of Precision

The level of precision, sometimes called sampling
error, is the range in which the true value of the
population is estimated to be. This range is often
expressed in percentage points, (e.g., =5 percent), in
the same way that results for political campaign polls
are reported by the media. Thus, if a researcher finds
that 60% of farmers in the sample have adopted a

recommended practice with a precision rate of £5%,
then he or she can conclude that between 55% and
65% of farmers in the population have adopted the
practice.

The Confidence Level

The confidence or risk level is based on ideas
encompassed under the Central Limit Theorem. The
key idea encompassed in the Central Limit Theorem
is that when a population is repeatedly sampled, the
average value of the attribute obtained by those
samples is equal to the true population value.
Furthermore, the values obtained by these samples
are distributed normally about the true value, with
some samples having a higher value and some
obtaining a lower score than the true population
value. In a normal distribution, approximately 95%
of the sample values are within two standard
deviations of the true population value (e.g., mean).

In other words, this means that, if a 95%
confidence level is selected, 95 out of 100 samples will
have the true population value within the range of
precision specified earlier (Figure 1). There is always
a chance that the sample you obtain does not
represent the true population value. Such samples
with extreme values are represented by the shaded
areas in Figure 1. This risk is reduced for 99%
confidence levels and increased for 90% (or lower)
confidence levels.

1. This document is PEOD6, one of a series of the Agricultural Education and Communication Department, Florida Cooperative Extension Service, Institute
of Food and Agricultural Sciences, University of Florida. Original publication date November 1992 Reviewed June 2003. Visit the EDIS Web Site at

hutp:/ledis ifas.ufl.edu

2. Glenn D, Israel, associate professor, Department of Agricultural Education and Communication, and extension specialist, Program Evaluation and
Organizational Development, Institute of Food and Agricultural Sciences (IFAS), University of Florida, Gainesville 32611.

Arrington, Dean

The Institute of Food and Agricultural Sciences (IFAS) is an Equal Opportunity Institution authorized to provide research, educational information and
other services only to individuals and institutions that function with non-discrimination with respect to race, creed, color, religion, age, disability, sex,
sexual orlentation, marital status, national origin, political opinions or affiliations. U.S. Department of Agricuiture, Cooperative Extension Service,
University of Florida, IFAS, Florida A. & M. University Cooperative Extension Program, and Boards of County Commissioners Cooperating. Larry
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Population Mean
(®)

95% of sample means
within two standardized deviations

Figure 1. Distribution of Means for Repeated

Samples.

Degree Of Variability

The third criterion, the degree of variability in the
attributes being measured refers to the distribution of
attributes in the population. The more heterogeneous
a population, the larger the sample size required to
obtain a given level of precision. The less variable
(more homogeneous) a population, the smaller the
sample size. Note that a proportion of 50% indicates
a greater level of variability than either 20% or 80%.
This is because 20% and 80% indicate that a large
majority do not or do, respectively, have the attribute
of interest. Because a proportion of .5 indicates the
maximum variability in a population, it is often used
in determining a more conservative sample size, that
is, the sample size may be larger than if the true
variability of the population attribute were used.

STRATEGIES FOR DETERMINING
SAMPLE SIZE

There are several approaches to determining the
sample size. These include using a census for small
populations, imitating a sample size of similar studies,
using published tables, and applying formulas to
calculate a sample size. Each strategy is discussed
below.

Using A Census For Small Populations

One approach is to use the entire population as
the sample. Although cost considerations make this
impossible for large populations, a census is attractive
for small populations (e.g., 200 or less). A census
eliminates sampling error and provides data on all the
individuals in the population. In addition, some costs
such as questionnaire design and developipg the
sampling frame are "fixed," that is, they will be the
same for samples of 50 or 200. Finally, virtually the
entire population would have to be sampled in small
populations to achieve a desirable level of precision.

Page 2

Using A Sample Size Of A Similar Study

Another approach is to use the same sample size
as those of studies similar to the one you plan.
Without reviewing the procedures employed in these
studies you may run the risk of repeating errors that
were made in determining the sample size for another
study. However, a review of the literature in your
discipline can provide guidance about "typical" sample
sizes which are used.

Using Published Tables

A third way to determine sample size is {o rely on
published tables which provide the sample size for a
given set of criteria. Table 1 and Table 2 present
sample sizes that would be necessary for given
combinations of precision, confidence levels, and
variability. Please note two things. First, these
sample sizes reflect the number of obtained responses,
and not necessarily the number of surveys mailed or
interviews planned (this number is often increased to
compensate for nonresponse). Second, the sample
sizes in Table 2 presume that the attributes being
measured are distributed normally or nearly so. If
this assumption cannot be met, then the entire
population may need to be surveyed.

Using Formulas To Calculate A Sample Size

Although tables can provide a useful guide for
determining the sample size, you may need to
calculate the necessary sample size for a different
combination of levels of precision, confidence, and
variability. The fourth approach to determining
sample size is the application of one of several
formulas (Equation 5 was used to calculate the
sample sizes in Table 1 and Table 2).
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Table 1. Sample size for +3%, 5%, 7% and +10%
Precision Levels Where Confidence Level is 95% and
P=5.

Size of Sample Size (n) for Precision (e) of:
| Population | +3% | 5% | 47% | +10%
500 a 222 145 83
600 a 240 152 86
700 a 255 158 88
800 a 267 163 89
900 a 7 i B0
1,000 a 286 169 91
2,000 714 333 185 95
3,000 81 353 191 97
4,000 870 364 194 98
5,000 909 370 196 98
6,000 938 375 9T - 98
7,000 959 378 198 99
8,000 976 381 199 99
9,000 989 383 200 99
10,000 1,000 385 200 99
15,000 1,034 390 201 99
20,000 1,053 392 204 100
25,000 1,064 394 204 100
50,000 1,087 397 204 100 |
100,000 1,099 398 204 100
>100,000 1111 400 204 100
a = Assumption of normal population is poor (Yamane,
1967). The entire population should be sampled.

Formula For Calculating A Sample For
Proportions

For populations that are large, Cochran (1963:75)
developed the Equation 1 to yield a representative
sample for proportions.

Z’pq

Mo = —5

2t
Which is valid where n, is the sample size, Z* is the
abscissa of the normal curve that cuts off an area o at
the tails (1 - o equals the desired confidence level,
e.g., 95%)', e is the desired level of precision, p is the
estimated proportion of an attribute that is present in
the population, and q is 1-p. The value for Z is
found in statistical tables which contain the area
under the normal curve.
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Table 2. Sample size for +5%, +7% and +10% Precision
Levels Where Confidence Level is 95% and P=5.

Size of Sample Size (n) for Precision (e) of:

Population £5% | 7% | +10%
100 81 67 51
125 9 78 56
150 110 86 61
175 122 94 64
200 134 101 67
225 144 107 70
250 154 112 72
275 163 117 74
300 172 121 76
325 180 125 77
350 187 129 78
375 194 132 80
400 201 135 81
425 207 138 82
450 212 140 82

To illustrate, suppose we wish to evaluate a state-
wide Extension program in which farmers were
encouraged to adopt a new practice. Assume there is
a large population but that we do not know the
variability in the proportion that will adopt the
practice; therefore, assume p=.5 (maximum
variability). Furthermore, suppose we desire a 95%
confidence level and 5% precision. The resulting
sample size is demonstrated in Equation 2.

Z%q _ (1.96)(5)(5)
e’ .05y

fy % = 385 farmers

Finite Population Correction For Proportions

If the population is small then the sample size can
be reduced slightly. This is because a given sample
size provides proportionately more information for a
small population than for a large population. The
sample size (ny) can be adjusted using Equation 3.

Where n is the sample size and N is the population
size.
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Suppose our evaluation of farmers” adoption of
the new practice only affected 2,000 farmers. The
sample size that would now be necessary is shown in
Equation 4.

n= & = 25 = 323 farmers
(ny - 1) i (385 - 1)
N 2000

As you can see, this adjustment (called the finite
population correction) can substantially reduce the
necessary sample size for small populations.

A Simplified Formula For Proportions

Yamane (1967:886) provides a simplified formula
to calculate sample sizes. This formula was used to
calculate the sample sizes in Tables 2 and 3 and is
shown below. A 95% confidence level and P = .5 are
assumed for Equation 5.

N
1+ Ney

Where 1 is the sample size, N is the population size,
and ¢ is the level of precision. When this formula is
applied to the above sample, we get Equation 6.

N 2000

n = -

I+ Ne® 1+ 2000(05)

= 333 farmers

Formula For Sample Size For The Mean

The use of tables and formulas to determine
sample size in the above discussion employed
proportions that assume a dichotomous response for
the attributes being measured. There are two
methods to determine sample size for variables that
are polytomous or continuous. One method is to
combine responses into two categories and then use
a sample size based on proportion (Smith, 1983).
The second method is to use the formula for the
sample size for the mean. The formula of the sample
size for the mean is similar to that of the proportion,
except for the measure of variability. The formula for
the mean employs ¢ instead of (p x q), as shown in
Equation 7.

" ’

Where n, is the sample size, z is the abscissa of the
normal curve that cuts off an area o at the tails, e is
the desired Jevel of precision (in the same unit of
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measure as the variance), and ¢” is the variance of an
attribute in the population.

The disadvantage of the sample size based on the
mean is that a "good" estimate of the population
variance is necessary. Often, an estimate is not
available. Furthermore, the sample size can vary
widely from one attribute to another because each is
likely to have a different variance. Because of these
problems, the sample size for the proportion is
frequently preferred”.

OTHER CONSIDERATIONS

In completing this discussion of determining
sample size, there are three additional issues. First,
the above approaches to determining sample size have
assumed that a simple random sample is the sampling
design. More complex designs, e.g., stratified random
samples, must take into account the variances of
subpopulations, strata, or clusters before an estimate
of the variability in the population as a whole can be
made.

Another consideration with sample size is the
number needed for the data analysis. If descriptive
statistics are to be used, e.g., mean, frequencies, then
nearly any sample size will suffice. On the other
hand, a good size sample, e.g., 200-500, is needed for
multiple regression, analysis of covariance, or log-
linear analysis, which might be performed for more
rigorous state impact evaluations. The sample size
should be appropriate for the analysis that is planned.

In addition, an adjustment in the sample size may
be needed to accommodate a comparative analysis of
subgroups (e.g., such as an evaluation of program
participants with nonparticipants). Sudman (1976)
suggests that a minimum of 100 elements is needed
for each major group or subgroup in the sample and
for each minor subgroup, a sample of 20 to 50
elements is necessary. Similarly, Kish (1965) says that
30 to 200 elements are sufficient when the attribute is
present 20 to 80 percent of the time (ie., the
distribution approaches normality). On the other
hand, skewed distributions can result in serious
departures from normality even for moderate size
samples (Kish, 1965:17). Then a larger sample or a
census is required.

Finally, the sample size formulas provide the
number of responses that need to be obtained. Many
researchers commonly add 10% to the sample size to
compensate for persons that the researcher is unable
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to contact. The sample size also is often increased by
30% to compensate for nonresponse. Thus, the
number of mailed surveys or planned interviews can
be substantially larger than the number required for
a desired level of confidence and precision.

ENDNOTES

1. The area o corresponds to the shaded areas in
the sampling distribution shown in Figure 1.

[ae)

. The use of the level of maximum variability
(P=.5) in the calculation of the sample size for
the proportion generally will produce a more
conservative sample size (i.e., a larger one) than
will be calculated by the sample size of the mean.
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