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Abstract Many countries depend on oil for energy uses
and development, hence import all of its oil and gas needs.
Thereby, consequent harmful effects on the environment,
such as global warming, ozone, smog, and acid rain,
may result from the gases emanating from fossil fuel
combustion. In this work, the scientific reasoning for the
gaseous pollutant formation and their harmful effects on
human health and environment, including biological effects
of thermal pollution relevant to combustion processes, are
discussed.
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1 Introduction

Energy has strong impact on the environment, especially
when fossil fuels such as coal, oil, gas, and wood are
burned. The products will affect earth, buildings, water,
and air. They consequently result in fog, smog, and global
warming, which deteriorate vegetation, forests, and even
human health. Human beings may be affected in the form of
having asthma and even cancer [4,40]. Thousands of people
in the world die each year due to heart and lung diseases
that result from air pollution [10,30,33].

During the combustion of fossil fuels, which constitute
nowadays 85% of the world energy resources, many harmful
elements and gases are emitted from the vehicles, furnaces,
stoves, and electric power plants [4,9,12,15,39,41].

Usually, the main combustion products of vehicular
engines, gas turbines, and steam power plant furnaces are
carbon monoxides (CO), unburned hydrocarbon UHC and
nitrogen oxides (NOx) [16,20,22,38,46,47], sulfur oxides
(SOx), and soot, in addition to volatile organic compounds
(VOC) [8,11,14,23,37].

Usually, children are the most susceptible to harmful
influences due to their tender tissues and their higher sur-
face/volume ratio, and the higher relative inhalation rate for
healthier growth and buildup [19].

2 The greenhouse effect

Glass allows the solar radiation to enter freely but blocks
the infrared radiation emitted by the interior surfaces. This
causes a rise in the interior temperature as a result of the
energy buildup in the car. This heating effect is known
as the greenhouse effect, since it is utilized primarily in
greenhouses.

The greenhouse effect is also experienced on a larger
scale on earth. The surface of the earth, which warms up dur-
ing the day as a result of the absorption of solar energy, cools
down at night by radiating part of its energy into deep space
as infrared radiation. Carbon dioxide (CO2), water vapor,
and trace amounts of some other gases such as methane
and nitrogen oxides act like a blanket and keep the earth
warm at night by blocking the heat radiated from the earth.
Therefore, they are called “greenhouse gases,” with CO2

being the primary component (Figures 1 and 2). Water vapor
is usually taken out of this list since it comes down as rain or

Figure 1: Schematic of the earth’s protective shields [42].
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Figure 2: Current greenhouse gas contribution to increment
in global climate change [41].

snow as part of the water cycle and man’s activities in pro-
ducing water. Each liter of gasoline burned produces about
2.5 kg of CO2. An average car is driven about 12,000 miles a
year, and it consumes about 600 gallons of gasoline. There-
fore, a car emits about 5,600 kg of CO2 to the atmosphere
a year, which is about four times the weight of a typical
car. This and other emissions can be reduced significantly
by buying an energy-efficient car that burns less fuel over
the same distance and by driving sensibly. Saving fuel also
saves money and the environment. For example, choosing a
vehicle that gets 30 rather than 20 miles per gallon will pre-
vent 2 tons of CO2 from being released to the atmosphere,
while reducing the fuel cost by $300 per year (under average
driving conditions of 12,000 miles a year and at a fuel cost
of $1.50/gal) [16,20,22,38].

In the Middle East, considerable amounts of pollutants
are emitted as the chemical energy in fossil fuels is
converted to thermal, mechanical, or electrical energy
via combustion, such as power plants, motor vehicles, and
even stoves.

3 Ozone and smog

Urban smog is the dark yellow or brown haze that builds up
in a large stagnant air mass and hangs over populated
areas on calm hot summer days. Smog is made up
mostly of ground-level ozone (O3); but it also contains
numerous other chemicals, including carbon monoxide
(CO), particulate matter such as soot and dust, and volatile
organic compounds (VOC) such as benzene, butane, and
other hydrocarbons. The harmful ground-level ozone should
not be confused with the useful ozone layer high in the
stratosphere that protects the earth from the sun’s harmful
ultraviolet rays. Ozone at ground level is a pollutant with
several adverse health effects [4,17,24,25,27].

The primary source of both nitrogen oxides and hydro-
carbons is the motor vehicles. Hydrocarbons and nitrogen
oxides react in the presence of sunlight in hot calm days to
form ground-level ozone, which is the primary component

of smog. The smog formation usually peaks when the tem-
peratures are the highest and there is plenty of sunlight. This
is generally noticed in the industrial areas. Although ground-
level smog and ozone form in urban areas with heavy traffic
or industry, the prevailing winds can transport them sev-
eral hundred miles to other cities. This shows that pollution
knows no boundaries, and it is a global problem. This is
generally noticed in the areas few miles away from refinery
stacks.

Ozone irritates eyes and damages the air sacs in the
lungs where oxygen and carbon dioxide are exchanged,
causing eventual hardening of this soft and spongy tissue.
It also causes shortness of breath, wheezing, fatigue,
headaches, and nausea, and aggravates respiratory problems
such as asthma.

The other serious pollutant in smog is carbon monoxide,
which is a colorless, odorless, poisonous gas. It is mostly
emitted by motor vehicles, and it can build up to dangerous
levels in areas with heavy congested traffic in the capitals
and major cities. It deprives the body’s organs from getting
enough oxygen. At low levels, carbon monoxide decreases
the amount of oxygen supplied to the brain and other organs
and muscles, slows body reactions and reflexes, and impairs
judgment. It poses a serious threat to people with heart dis-
ease because of the fragile condition of the circulatory sys-
tem and to fetuses because of the oxygen needs of the devel-
oping brain.

Smog also contains suspended particulate matter such
as dust and soot emitted by vehicles and industrial facilities.
Such particles irritate the eyes and the lungs since they may
carry compounds such as acids and metals, as noticed in the
adjacent areas to the cement and steel factories in different
cities in the region.

4 Acid rain

Fossil fuels are mixtures of various chemicals, including
small amounts of sulfur. The sulfur in the fuel reacts with
oxygen to form sulfur dioxide (SO2), which is an air
pollutant. The main source of SO2 is the electric power
plants that burn high-sulfur coal. Regulations should force
the plants to install SO2 scrubbers, to switch to low-sulfur
coal, or to gasify the coal and recover the sulfur. Motor
vehicles also contribute to SO2 emissions since gasoline
and diesel fuel also contain small amounts of sulfur. This
gas is not tackled by the three-way catalyst installed on
vehicles generally exported to the Middle East.

The sulfur oxides and nitric oxides react with water
vapor and other chemicals high in the atmosphere in the
presence of sunlight to form sulfuric and nitric acids.
The acids formed usually dissolve in the suspended water
droplets in clouds or fog. These acid-laden droplets, which
can be as acidic as lemon juice, are washed from the air
on to the soil by rain or snow. This is known as acid rain.
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Figure 3: CO2 emissions per BTU from combustion only.

The soil is capable of neutralizing a certain amount of
acid, but the amounts produced by the power plants using
inexpensive high-sulfur oil have exceeded this capability.

5 Gaseous pollutants effects on health and environment

5.1 Carbon dioxide

CO2 is produced as a waste product of human and animal
respiration. Hence, carbon dioxide is naturally present in the
atmosphere in reasonable quantities. A normal sample of air
contains about 0.05% carbon dioxide by weight (Figure 3).

Not only is carbon dioxide consumed in photosynthe-
sis; it also may dissolve in the vast oceans. When carbon
dioxide dissolves in the ocean, carbonic acid is produced at
a very low concentration. The carbonic acid dissociates in
part to bicarbonate and carbonate ions. These ions combine
with calcium and magnesium from the natural weathering
of rocks which have been carried into the ocean. The reac-
tion of calcium ion with carbonate ion produces calcium
carbonate. We know this relatively insoluble substance as
limestone. Magnesium and calcium may jointly react with
the carbonate ion to produce dolomite.

These precipitation reactions remove carbonate from the
water and make room for more carbon dioxide to dissolve.
Thus, there are two natural mechanisms for carbon diox-
ide removal from the atmosphere: (1) solution in the ocean
followed by precipitation and (2) the utilization of carbon
dioxide by green plants in photosynthesis.

5.1.1 Carbon dioxide and monoxide from fossil fuels

Carbon dioxide is now being produced in massive quantities
from the burning of fossil fuels especially in the countries
which depend heavily on fossil fuels whether in running
vehicles, power systems, or heating appliances. The com-
plete oxidation of carbon produces the gas carbon dioxide.
The greatest source of carbon monoxide in cities is the motor
vehicle (Figure 4). In most cities, over 90% of the carbon

Figure 4: Source and quantities of pollution–1975. (Source:
Energy/Environment Fact Book Decision Series, U.S. Envi-
ronmental Protection Agency, March 1978.)

monoxide in the air comes from the incomplete combustion
of carbon in motor fuels.

The exhaust gases are mixed with a stream of air in the
presence of a catalyst. Further oxidation of the remaining
carbon monoxide occurs in this “catalytic converter.” The
catalyst system appears at present to be the chosen method to
reduce carbon monoxide emissions. Nevertheless, auto man-
ufacturers have studied the potential of the stratified charge
and dual carburetor engine system. This system has been
used in Honda cars and has achieved the required reduction.

There is another source of carbon monoxide to which
people are exposed. Only smokers and their neighbors,
however, have this special privilege. We can compare the
individual who smokes moderately and lives in a clean
environment with an individual who does not smoke
and lives in a highly polluted environment. The smoker
will absorb daily twice as much carbon monoxide as his
nonsmoking counterpart.

5.1.2 Carbon monoxide and hemoglobin

Carbon monoxide competes with oxygen for the molecule
that carries oxygen to the cells. For this reason, at high
enough concentrations, it is a deadly poison. Hemoglobin,
a complex protein present in the blood, transports oxygen
from the lungs to the cells and carries carbon dioxide from
the cells back to the lungs.
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Figure 5: The reactions of sulfur in air [36].

5.2 Sulfur dioxide

Natural gas, in contrast to coal and oil, is almost free of
sulfur. From this standpoint, it is an environmentally use-
ful fuel. Burning oil in electric generating plants is used to
produce 65% of the sulfur oxides emitted. Other oil burning
accounted for half of the remainder. Sulfur compounds also
enter the air from the smelting and refining industries as well
as from burning municipal wastes.

5.2.1 Sulfur oxidation to a corrosive mist

When oil is burned, the sulfur in the fuel is oxidized. Two
compounds are formed: sulfur dioxide and sulfur trioxide.
Less than 3% of the sulfur is oxidized to the trioxide form
during the initial burning.

As an example, calcium oxide may react with sulfuric
acid to produce calcium sulfate and water. Iron oxides may
react in a similar fashion. The reactions are summarized in
Figure 5. Metal sulfate particles plus sulfuric acid droplets
usually account for between 5% and 20% of the particulate
matter in urban air.

5.2.2 Effects on materials, plants, and people

Many materials may be attacked by the mists of sulfuric
acid, among them carbonate building materials such as mar-
ble and mortar. Calcium sulfate, water, and carbon dioxide
are produced in the reaction. Metals such as steel, copper,
and aluminum are corroded; and common cloth fabrics are
damaged as well.

Respiratory illnesses such as bronchitis are seen to
increase with sulfur oxide levels. One study found the
illness rate increasing in an area where the average annual
concentration was only 100 micrograms per cubic meter.

5.2.3 The health effects of sulfur oxides and particles

Sulfur oxides and particles aggravate respiratory disease.
When it was first recognized that contaminants which fouled
the air could cause death, sulfur oxides and particles were
present at the scene. We have long known that particles
act as a focus upon which water vapor condenses. We now

understand that sulfur dioxide will quickly dissolve in the
water droplet producing a highly acid, highly corrosive mist.
It is this sulfurous acid mist that is thought to be responsible
for so much damage to life and health.

The airborne substances under the greatest suspicion as
potential carcinogens are polycyclic aromatic hydrocarbons,
an example of which is benzpyrene. Known to cause cancer
in experimental animals, these compounds have been found
free or associated with particles of soot in urban air.

5.2.4 Ways to reduce sulfur dioxide emissions

It depends on whether it is more economical and efficient to
remove particulate and SO2 from the end of the stack after
the burning of coal or to clean the coal before it is consigned
to the flames [28].

Cleaning up the coal itself

In addition to the possibility of using expensive low sulfur
coal, emissions of sulfur dioxide from power plants can be
reduced by cleansing the coal of its sulfur prior to use.

(a) Scrubbers: a number of methods are being and have
been developed to “scrub” sulfur dioxide from the gas that
exits the smokestack. A recent concept combines both coal
cleaning and scrubbing.

(b) Fluidized bed: the limestone reacts with the sulfur
dioxide coming from the burning coal to form fine particles
of calcium sulfate, which are carried off in the stack gases
and will be removed with the fly ash, probably by the elec-
trostatic precipitator. The temperature of the burning coal in
the fluidized bed is lower than the temperature of burning
coal in a boiler; and, as a consequence, fewer nitrogen oxide
are formed. Thus, both sulfur dioxide and oxides of nitrogen
oxide are formed. Thus, both sulfur dioxide and oxides of
nitrogen are lower for the fluidized bed combustion system.

5.3 Particulate matter

Particulate matter is another serious air pollutant. Unlike
the pollutants discussed earlier, particles are not of a sin-
gle chemical type. Instead, numerous solid and liquid com-
pounds are dispersed in the air from many sources [1,3,7,
13,18,21,26].

5.3.1 Particles that stem from combustion and industrial
activities

The burning of coal produces not only ash particles (calcium
silicates) and carbon particles, but also metal oxides such
as calcium and ferric oxide. The metal oxide particles may
react with the mist of sulfuric acid droplets. The reaction
produces still other particles: the metal sulfates. The sulfu-
ric acid droplets themselves are particles derived from the
reaction of sulfur trioxide with water vapor. Both the acid
droplets and the sulfate particles then are derived in part
from fuel burning.
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The quantity of particles derived from coal burning is
enormous. Fortunately, however, a very large proportion of
the particles is removed from the stack gases. In 1975, about
3.2 million metric tons of particles were released to the
atmosphere from coal-burning electric plants in the United
States. Probably seven times that quantity was generated,
but most of it was removed.

Particles may settle on surfaces, leading to a dirty gray
appearance. In addition to soiling, particles may cause
corrosion, acting as centers from which corrosion spreads.
The annual repair of these surfaces has a significant cost.
The sulfuric acid mist may damage plant tissue. Compounds
from photochemical reactions produce a burn on the leaves
of many vegetables.

The health of human beings is also affected by particles.
The frequency of respiratory infections such as colds and
bronchitis is seen to increase with particle levels. At a par-
ticle concentration of 375 micrograms/cubic meter, an air
pollution “alert” is to be declared. Under an alert, industries
might be requested to curtail or postpone their activities.

Furthermore, particles may be reflecting solar energy
away from the earth. As such, they may be responsible
for the small but noticeable cooling in the Northern
Hemisphere.

Numerous devices are available to reduce particle emis-
sions. These include the settling chamber, the after-burner to
ignite and burn particles, and the electrostatic precipitator.

An alternative to the electrostatic precipitator is the
“baghouse” composed of fabric bags to capture the fly ash.
It is a very large vacuum cleaner. Air is drawn up through the
bags; the particles cannot pass out through the fine weave
of the bag and are trapped inside it. Only clean air exits.

5.4 Lead compounds in the air

Lead has been in gasoline for many years as compounds of
tetraethyl lead. These compounds are used to improve
the antiknock quality of gasoline; they eliminate the
knock during engine operation. These substances are not
absolutely necessary. A slightly higher priced refining
process produces a fuel with the required antiknock
properties. In the past, lead levels have ranged from 2.5
to 4.23 grams of lead per gallon of gasoline. About 75%
of this amount is released to the atmosphere in the exhaust
stream of the cars. Over 142,000 metric tons of lead were
added to the atmosphere from gasoline combustion in the
world during the year 1975.

5.4.1 Children and lead poisoning

Although lead poisoning may lead to death, in milder cases,
it causes mental retardation. Even levels below the poison
threshold appear to cause subtle inadequacies in learning.
The hazard to health is one of the reasons for the decision
to eventually make gasoline lead-free. The other reason is

that lead poisons the catalytic converter which further burns
the hydrocarbons, carbon monoxide, and nitrogen oxides
remaining in exhaust gases. Practical steps are being taken
for conversion to unleaded petrol in most of the countries of
the world.

Lead poisoning in the child is first seen as a variety of
symptoms which include appetite loss, problems in disci-
pline, and a lack of interest in play. The disease progresses
to constipation, vomiting, seizures, and finally coma. A per-
manent loss of mental ability may result from a case of lead
poisoning.

Lead poisoning is a public health problem of major
importance. To guard against new cases, parents and
children must be informed of the risk involved in eating
paint chips. Detection programs are necessary to find those
children already near the toxic limit. Where cases are found,
the surface from which the paint peeled should be covered
up or the paint should be completely removed.

5.5 Photochemical pollution

A photochemical reaction requires light energy to take
place. Certain pollutants in the atmosphere, nitrogen oxides
and hydrocarbons, undergo photochemical reactions. These
reactions produce new pollutants, including ozone, alde-
hydes, and exotic organic compounds. The new pollutants
are referred to, in sum, as “photochemical air pollution”
because they arise from photochemical reactions [5,34,35].

The sources of photochemical air pollution then are the
sources of nitrogen oxides and of hydrocarbons. By the
same reasoning, the control of photochemical air pollution
consists of controlling emissions of nitrogen oxides and of
hydrocarbons.

The dark spots are the result of elevated ozone levels.
Such levels result when excessive use of the automobile
leads to high concentration of hydrocarbons and nitrogen
oxides.

5.5.1 Nitrogen oxides and hydrocarbons

Approximately 90% of the annual emissions of nitrogen
oxides stem from the combustion of fossil fuels. Probably
about one-third of these emissions are from motor vehicle
operation.

Most important, however, incomplete combustion left
unburned hydrocarbons as droplets and gases in the exhaust
stream. Smaller sources of hydrocarbons were petroleum
refining and transfer operations.

Nitrogen and oxygen unite during the high-temperature
combustion of fuel in an automobile engine to produce the
gas nitric oxide, which is then released to the atmosphere.
In several hours’ time, the level of nitric oxide in the air
decreases substantially. During the period of that decline,
the level of nitrogen dioxide will be rising to a peak. Later,
as the nitrogen dioxide level declines, the concentration of
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a third gas, ozone, will increase. Ozone levels then decrease
(Figure 6).

Ozone compounds damage the leaves of common
vegetables. Ozone also causes citrus trees to lose their fruit
early. Ozone and aldehydes irritate the respiratory tract. The
eyes may be irritated by aldehydes compounds. Individuals
with asthma have found their disease aggravated by the
oxidants.

5.5.2 Effects of nitrogen dioxide on human health

About 90% of the nitrogen oxides are produced in the form
of nitric oxide (NO). The remaining 10% are in the form
of nitrogen dioxide (NO2). Two effects of nitrogen diox-
ide on body functions have been noted. One is the greater
effort required in breathing. Individuals with chronic lung
diseases experienced breathing difficulty. Statistical analysis
indicates a positive relation between nitrogen dioxide con-
centrations and a higher mortality rate from heart disease
and cancer [36].

5.6 Biological effects of thermal pollution

5.6.1 The effect of excess heat on ecosystems

Temperature can affect the whole community structure of
an aquatic environment. For instance, different species of
freshwater algae compete for light, space, and nutrients.
Temperature changes can alter the competitive position of
different species, even though the changes are not severe
enough to be lethal for any species. At low temperatures
(around 21 °C), yellow-green algae may predominate
in a lake community. As the temperature is raised to
26 °C or 32 °C, green algae become more abundant, and
finally the blue-green algae begin to dominate at very high
temperatures (Figure 7). In this manner, heat can seriously
affect aquatic food chains, since the blue-green algae tend
to be more resistant to grazing than other kinds of algae. In
addition, blue-green algae characteristically have a greater
mass than the species they replace.

One study found that fewer than half as many species
were found at 31 °C than at 26 °C. Another 24% disappeared
at a temperature of 34 °C. Such a simple ecosystem is gen-
erally believed to be less stable than the original more com-
plex one. In freshwater, fish appear to be the most sensi-
tive species. Protection of fish from excess heat would thus
appear to protect freshwater ecosystems in general. In salt
water, however, plant species may be more sensitive than
fish are to heated discharges.

5.6.2 Factors that act in combination with temperature

There are many factors that act in combination with tem-
perature to affect the survival and well-being of organisms,
such as the following:

(i) Oxygen content of water: the amount of oxygen in water
can affect how an organism reacts to heat.

Figure 6: Levels of nitrogen oxides and ozone during and
after the morning “rush hour” [36].

Figure 7: Effect of temperature on types of phytoplank-
ton [36].

(ii) Chemicals in water: increasing the salinity, or salt con-
tent, of water changes the effects of temperature, making
some organisms more resistant to heat and cold and oth-
ers less so.

(iii) Entrainment: microscopic floating plants, called phyto-
plankton, as well as fish, insects, and larval stages of
various creatures, can be sucked into the condenser of
a power plant along with cooling water [32,36,42].

6 Economic analysis of pollution due to SO2

Emissions and their impact on human health and ecosystems
are hereby discussed by Nakada et al. [29]. According to
Wang et al. [43], a system for SO2 emission charge of $24/t-
SO2 has been applied in China for several years.

According to Park [31], SO2 emitted from industry
mainly causes domestic problems because the emitted dry
gas, produced mainly by large combustion plants, falls
to the ground within about 300 km of the source and is
deposited in a gaseous form called “dry deposition,” which
directly damages human health and buildings. The burden of
chronic obstructive pulmonary disease such as emphysema
and chronic bronchitis could cause hundred thousands of
premature deaths [44].
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SO2 emissions also bring about regional or trans-
boundary problems. Colls [6] describes that sulfate is
deposited to land via cloud droplets, known as wet
deposition, which develops in acid rain; for instance,
SO2 is oxidized into H2SO4 with the help of OH into which
ozone decomposes. It disperses around 1,000 km across the
boundaries in 24 h. The sulphur oxidants dissolve in clouds
and rain droplets, and produce acids and SO4. Eventually,
acid rain falls by wet deposition. In average, 38% of the
sulfur deposition is of domestic origin, 45% comes from
non-anthropocentric sources such as volcanoes, and 17%
from trans-borders; see Calori et al. [2].

SO2 emissions directly damage human health by dry
deposition, and indirectly damage buildings, forests and
crops due to wet deposition (acid rain). Damage cost
estimates in China are $221 and $128/t-SO2 for health and
acid rain, respectively; see Xu [45].

7 Conclusions

Most countries depend on fossil fuels in their energy
uses and development, hence being exposed especially
in industrial regions to the resulting gaseous pollutants,
namely, CO2, CO, SO2, NOx, UHC, particulate matter, and
lead compounds in addition to chlorofluorocarbons. They
generally cause ozone layer depletion, smog, acid rain, and
health hazards to all creatures.

Thermal pollution causes problems to ecosystems.
Therefore, developing countries should be aware of the
harmful effects of these gaseous pollutants and try to reduce
them. The proposed technologies for reducing gaseous
pollutants are detailed in a separate publication by the
author [45]. These technologies are briefly mentioned here,
namely, fluidized bed combustion, combined cycles, fuel
cells, nuclear power, natural gas, renewable energy, energy
conservation, energy storage, oxy-fuel combustion, and
chemical looping combustion.
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