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Abstract: Changes in the modern way of life happened due to the industrial revolution, along with the
evolution and increase in the use of technology. Despite the existing benefits, these changes caused the
accumulation of pollutants and the proliferation of environmental pollution. From this perspective, the
problem of exposure of humans to pollutants and contaminants in everyday life and working environments
has been emerged. Air pollutants are a special category of which an interesting subcategory is the pollutants
of nitrous oxides, rising sharply in the years of industrialization and automation of human life. In the present
study, we will examine the properties of air pollutants, and in particular those of nitric oxides, referring to
their environmental impacts and hence to the working environment, since the effects are similar along with
some public health issues emerging from human exposure to the oxides of nitrogen.
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1. INTRODUCTION
Environmental pollutants are considered to be
one of the main problems in the modern way of
life and its aftereffects. Two parameters are
involved: everyday life, where a person is
burdened with pollution loads and secondly the
working environment. The industrial revolution
brought to light what is now called
environmental pollution. Therefore, along with
the industrial revolution, there have also been
professions forcing workers into exposure to
environmental pollutants[1-5].

From this point of view, issues of safety and
exposure to the corresponding biochemical
pollutants arise. A major pollutant category is
atmospheric pollutants or, in general, air
pollutants where nitrogen oxides appertain.
A fact of great interest is not only the latest
reports of the European Union (EU) on the
situation in the Member States regarding the
concentrations of nitrogen oxides (NOx), but for
example also the reduction of life expectancy to
the range of six months in Greece, according to
the tables presented by scientists in the field.
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Air pollutants in the atmosphere of industrial
centers are of large amount generated both by
fixed installations (e.g. industrial units, power
generating stations) and by vehicles as well.
Although inhalation of toxic substances during
occupational exposure to individual professional
groups has been adequately studied, the study of
the effect of common toxic environmental
pollutants on health has begun to be in medical
science relatively recent[4, 5].
The large increase of deaths in London from the
1952 London “Big Smoke” or “The Great
Smoke” and similar events in the 1960s in New
York, led to stricter limits on environmental
pollutants introduced by special legislation and
organized systematic researches. Audit findings
were applied to the conditions of the working
environment[6, 7]. However, the moment the
legislator establishes the regulations does not
mean the direct application of the law.
Therefore, to control the new environmental
conditions, safety levels of certain substances
began to be stipulated such as sulfur dioxide,
nitrogen dioxide, ozone, lead, carbon monoxide
and particles with a diameter less than 10 μm.
As known, the chemical structure of various
pollutants changes during their stay in the
atmosphere[8].
Sulfur dioxide can react with particulate dust,
resulting in the formation of sulphates that are
components of acid rain. Nitrogen oxides and
compounds/by-products of fuel combustion by
vehicle exhausts react with sunlight resulting in
ozone production.
Ozone production can reach particular high
levels during hot weather especially in countries
where temperatures rise during the summer
months and where a great amount of people
experience eye or mucosal irritation and
cardiopulmonary problems due to these
conditions.
According to several reports, the type of
diseases caused by the pollutant depends on its
ability to be transferred to the lower
tracheobronchial tree in the terminal bronchioles
and alveoli, its quantity and chemical structure,
its defense capability and finally the sensitivity
of the organism against toxic effects, timing and
duration of exposure[8].
According to these studies, high solubility gases
such as sulfur dioxide are predominantly
absorbed by the upper airways, leading to

corresponding symptoms in acute exposure
(nasal irritation).
Gases of lesser solubility, such as nitrogen
dioxide (NO2), reach up to respiratory
bronchioles and alveoli resulting in pulmonary
irritation at acute exposure (dyspnea, disruption
of pulmonary function).
Similarly, large particles are retained by the
upper airways; smaller diameter particles
penetrate the lower tracheobronchial tree and
the lung, while particles with a diameter of less
than 0.1 μm tend to remain airborne and may
only accidentally come in contact with the
alveolar wall[9, 10].
Atmospheric pollutants can generally cause
coughing, seizing up of the nostrils, dyspnea and
eye ailments in acute exposure. Chronic
exposure may generally cause a reduction in
respiratory redundancy, and according to some
studies, increase of carcinogenicity rates[11,
12].
The type of diseases the body suffers from and
its health status are factors of great importance.
Allergic individuals may have acute symptoms
even in cases of minor exposure. The adverse
effects of pollutants increase in lung disease or
heart disease patients and smokers. In 1952, in
London, studies attributed 4,000 deaths to the
smog.
1.1. About Oxides and Oxides of Nitrogen
During the 18th century, the oxides were called
calxes or calces because they were produced by
calcinations. Later on they were named oxides.
Oxides are compounds of chemical elements
with oxygen[13]. A large part of the earth's crust
consists of oxides. Oxides are formed when the
various chemical elements are oxidized by the
oxygen of the atmosphere. Even materials such
as aluminum foil, which appear to be composed
of pure chemical elements, are often coated with
a thin layer of oxides that protect them from
corrosion[13].
Oxides are either molecular compounds (when
the element is non-metal) or ionic compounds
(when the element is a reactive metal) or
macromolecular compounds (they are in the
form of a “giant” molecule) such as the oxide of
the formula [K2O]n. In addition to oxygen
difluoride with the formula OF2, the oxides have
the electronegative section of O-2 and can be
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represented as follows: EyOx, where Eis a
chemical element, x is one of the positive
numbers of oxidation of E and y the number of
oxygen oxidation which may be -2, -1, -1/2.
Examples of chemical formulas of oxides
areNa2O, CaO, CO2, SO3, N2O5, N2O3, KO2,
Na2O2 and others[14].
Oxides are classified by various criteria: Based
on the amount of oxygen, based on the amount
of oxygen contained and corresponding to the
usual oxidation numbers (Oxidation State (OS))
of the element. Oxygen has an oxidation state of
-2, whereas Carbon (C) has an oxidation state of
+4. Thus, a normal oxide would be carbon
dioxide (CO2) but not carbon monoxide (CO).
Sulfur (S) has two most common OS which are
+4 and +6. So its regular oxides would be sulfur
dioxide (SO2) and sulfur trioxide (SO3)
respectively, etc. In several oxides, the
participating oxygen reacts with lower OS.
Examples of such reactions are carbon
monoxide (CO) where C reacts with an OS of
+2, N₂O (N has an OS of +1) and so on. Oxygen
tends to become normal by oxygen uptake as for
example in the reaction N2O+ ½O2⟶2NO.
Several molecules known as peroxides, contain
more oxygen than that corresponding to the
higher OS of the element. Peroxides contain the
peroxy bond or peroxy group, which is formed
as -O-O- or O22- wherein each oxygen atom has
an OS of -1. Examples of peroxides are,
hydrogen peroxide H2O2 (with a general
structure H-O-O-H), Na2O2(Na-O-O-Na), BaO2
(Ba2+-O-O) and so on. Peroxides react with
dilute acid solutions as for example in the
following reaction;
K2O2+2HCl⟶2KCl+H2O2, but also with water
as Na2O2+2H2O⟶2NaOH+H2O2[15].
Some other examples of oxides are the mixed or
complex oxides, also known as epiquadroxides.
In those compounds, the element appears with
two different OS as for example Fe3O4 (Fe2O3,
FeO),
Pb3O4
(PbO2,
2PbO),
Mn3O4
(MnO2·2MnO).They are generally classified
into four major categories:
a. Acid oxides, or acid anhydrides, or acidic, or
covalent oxides. They are the normal oxides
of non-metal and metal oxides, where metal
has an OS>+3, e.g. SO3, N2O5, P2O5, Mn2O7,
CrO3, and others. They usually have a double
bond in their molecule such as the CO2

having a general structure of O=C=O
structure. In addition, there are acidic oxides
with single bond[15].
b. Oxides of the formula E2O (where E is an
element) which forms bonds of the type E-OE. Single bonds are able to rotate and form
angles with the oxygen molecule, where the
degrees of the angle and element rotation
form an angle the value of which depends on
the kind of element Σ. The acidic oxides can
be obtained by removing water from the
acids e.g. H2SO4-H2O→SO3and are also
called acid anhydrides.
These oxides are also called acid or acidic
because many of them react with water and give
the corresponding acids e.g. N2O5+H2O
→2HNO3[15].
Exceptions are the slightly soluble SiO2, B2O3
anhydrides that do not react with water. Acid
oxides are Lewis acids irrespectively of their
presence in aqueous solution or not. However,
they are acids by Arrhenius and Brönsted-Lowry
only in aqueous solutions[15].
Metal oxides, or base anhydrides, or basic, or
ionic, or metallic oxides are the normal metal
oxides where the metal has an OSof +1 or +2
e.g. K2O, CaO, BaO and so on. They are also
called base anhydrides because they result from
the hydroxides of the respective metals by
removing water, e.g. Ca(OH)2-H2O→CaO.
Oxides of Li2O, Na2O, K2O, CaO, BaO, MgO
are also called bases because they react with
water and give the corresponding bases as for
example K2O+H2O→2KOH.
The basic oxides are by Lewis and BrönstedLowry acids either in aqueous solution or not.
However, they are acids by Arrhenius only in
aqueous solution. The formation of a metal
oxide requires sufficient energy (>1000 KJ/mol)
and their stability is due to the high energy value
of the crystal lattice[15].
Amphoteric oxides are certain normal metal
oxides which, when treated with an acid, behave
as bases and when treated with base behave like
acids.
Neutral oxides do not react with water to give
acids or bases nor do they come from these
compounds by removing water. Such an oxide is
CO. Others are the oxides (e.g., N2O), peroxides
(e.g., Na2O2) and mixed oxides. Oxides derived
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from metals are named as “MetalOxide”,e.g.Na2Ois names sodium oxide, CaOis
named calcium oxide, FeOis named iron oxide
(II), Fe2O3is named iron oxide (III), and CrO3is
named chromium (VI) oxide and so on. Oxides
are also called some macromolecular
compounds e.g. [MgO]nmagnesium oxide,
[SiO2]n silicon oxide and so on. NO, NO2 and
SO2come from oxidation reactions of elements
from concentrated and dilute HNO3 and
concentrated H2SO4as well. Examples of these
reactions are:
S+2H2SO4⟶3SO2+2H2O
3Cu+8HNO3
4H2O

(dilute)⟶3Cu(NO3)2+2NO+

Zn+4HNO3
(concentrate)⟶Zn(NO3)2+2NO2+2H2O
Further on, water has an effect on oxides and in
particular on NO2, Na2O2, CO as per the
reactions:
3NO2+H2O⟶2HNO3+NO
Na2O2+H2O⟶2NaOH + ½O2 and
CO+H2O⇄CO2+H2

Figure1. The reaction of nitric oxide (NO) with
carbanions is one ofthe most often-used methods for
the preparation of carbon-bounddiazeniumdiolates
(compounds also called nitrosohydroxylamines).The
reaction of monoxide is used in the research of novel
pharmaceutical products, where the compound is
used as an intermediate objective or as a premedicinal product. Sodium methoxide remains the
preferred basefor effecting the deprotonation of a
variety of substrates to besubjected to this “Traube
reaction” since Wilhelm Traube first introduced the
procedureover 100 years ago(Bohle and Smith 2008,
Derosa, Keefer et al. 2008).

The term “nitrogen oxide” is considered to be
inaccurate and can be used to refer to any of the

oxides of nitrogen, or a mixture thereof nitrogen
oxides are considered to be Nitric oxide (NO),
nitrate (II) oxideNitrogen dioxide (NO2),
Dinitrogen Oxide (N2O) (or known also as
Nitrous Oxide), Dinitrogen trioxide (N2O3),
Dinitrogen tetroxide (N2O4), Dinitrogen
pentoxide (N2O5). A mixture is often formed in
the chemical reactions of nitrogen oxides and
their products, in such proportions, depending
on the specific reaction and the conditions being
carried out. Nitrogen monoxide or nitric oxide is
an interesting chemical compound case. Its
physical state is gas and consists of two atoms,
oxygen and nitrogen. In addition to its
properties as atmospheric gas, it is also an
important signaling molecule in eukaryotic cells
[16]. It is also a very important synthetic
material in the industry. The monoxide, when
exposed to oxygen, is converted to nitrogen
dioxide according to the reaction 2NO+
O2→2NO2.
NO reacts with fluoride, chlorine and bromine to
form halogenated compounds. An interesting
reaction of monoxide is used in the research of
novel pharmaceutical products, where the
compound is used as an intermediate objective
or as a pre- medicinal product[17]. This reaction
is very old (1898) and is used so far, based on
the formula presented in Figure 1.
From an environmental point of view, NO in the
atmosphere may form nitric acid, main
component in acid rain. At the same time,
monoxide and nitrogen dioxide are involved in
the creation of the ozone hole. NO is one of the
few gases known to be involved in cell
signaling. It is also known as Endothelium
Derived Relaxing Factor (EDRF) and is
composed of L-Arginine, Oxygen and NADPH
with the involvement of enzymes known as
Nitric Oxide Synthases (NOS).Its functions are
associated with vascular endothelium relaxation,
platelet function, and adhesion of leukocytes to
endothelial tissue. This is one of the many
reasons why environmental burden affects the
cardiovascular and respiratory system [18]. It is
also excreted by the immune system cells as
antibacterial protection acting as a free radical
and destroying the DNA of the bacteria[19].The
physical state (solid, liquid and gas), water
solubility and some important uses of certain
oxides are shown in Table 1.
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Table1. Summary of chemical types of oxides and
their respective physical and water solubility states

1.3. Environmental Toxicology of Gaseous
Pollutants

Chemical
Physical Water
type of
state solubility
oxide

Environmental Toxicology has established
important research disciplines for the effects of
air pollution on living organisms, with a
particular focus on urban residents. Air pollution
is mainly associated with gaseous pollutants,
aerosols and suspended particles emitted from a
wide range of pollutants (such as cars,
industries, crafts, power plants, etc.). These
pollutants can enter the lungs by breathing,
mainly causing respiratory problems and the
effect on plants and animals can cause various
damages to living tissues. Initial studies into the
toxic effects of gaseous pollutants were carried
out in the working environment where
professionals were in a high concentration
environment and their exposure was long-lasting
[20-23]. Workers received the effects of toxic
and dangerous substances, mixtures of
substances and physical agents, resulting in
significant damage to their health (occupational
diseases, occupational cancer, and chronic lung
diseases). In contrast to large cities, factories
and craft industries concentrations of toxic
substances and exposure in the natural
environment are much lower and the severity of
the effects depends on exposure duration, age
and lifestyle [20-23].

Uses

Metal
oxides

Solid

No

Glass
industry,
pharmaceutical
industry, batteries

Na2Ο2

Solid

Yes

Oxygen production,
oxidant, bleaching
product

BaΟ

Solid

Yes

Production
Ba(OH)2

Na2O

Solid

Yes

Glass
industry,
production
of
NaOH

of

CaO

Solid

Slow

Mortars, desiccants,
production of CaCl
and
Calcium carbide

MgO

Solid

Slow

Refractory
crucibles,
laxatives

No

CO as fuel in
metallurgy, nitrogen
oxides
in
acid
production

CO, ΝΟ,
Gas
N2O, NO2

bricks,
light

SO2

Gas

Yes

Coolant, bleaching
product, antiseptic
and in production of
H2SO4

NO2,
Ν2Ο3

Liquid

Yes

Production of nitric
acid

SiO2

Solid

No

Manufacture
of
optical instruments,
building, dynamite

CO2

Gas

Slow

refreshments,fire
extinguishers,
coolant

Η2Ο2

Liquid

Yes

Bleaching product,
antiseptic, peroxide
3% w/v

1.2. Nitrous Oxide
Nitrogen dioxide or nitrous oxide is a chemical
compound of formula NO2. It is the intermediate
component for the synthesis of nitric acid. This
gas is toxic and is one of the main atmospheric
pollutants. It has a molecular weight of 46.0055,
is heavier than air and is therefore concentrated
in the lower layers of gas masses.
Dioxide is in equilibrium with Nitrogen
tetroxide (N2O4) based on the reaction2NO2
N2O4.

The term atmospheric pollution covers a wide
range of toxic gaseous pollutants and suspended
particles emitted into the planet's troposphere
(0-15 km), as well as the variety of
photochemical secondary pollutants and other
atmospheric
phenomena
resulting from
anthropogenic emissions. The stratosphere (1550 km) is the area where the thin layer of ozone
is predominant, with the main purpose of
protecting life on our planet from the ultraviolet
rays of solar radiation. The main sources of air
pollution are vehicle exhaust emissions,
emissions from factories and crafts (mainly
from fossil fuels for energy production and dust
from material treatment), power stations, central
heating of homes, burning waste and
agricultural residues, gaseous emissions from
agriculture and livestock farming and natural
emissions of plants and trees. The main
pollutants are carbon monoxide and carbon
dioxide (CO, CO2), sulfur dioxide (SO2),
nitrogen oxides (NOx), volatile organic
compounds (VOCs), and suspended particulate
matter, exhaust gases, industrial installations,
building construction and volcanic activity. The
most significant emissions of air pollution
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concern carbon dioxide (CO2), a nontoxic gas
but with excessive atmospheric concentration
that contributes to the greenhouse effect [24-26].
On a global scale, CO2 emissions of 14,520,000
tons in 1971 doubled to around 30,000,000 tons
in 2000 with a surge in demand for energy from
developing countries (China, India, etc.) [27,
28]. Numerous researches show that greenhouse
gases have a key role in ecosystems and in the
main cycles of nutrients and elements [29, 30].
Carbon monoxide (CO) is an extremely toxic
gas produced by 70-80% of car exhaust
emissions. CO2 emissions from vehicles and
industries are estimated at around 200 million
tons, of which 70% regards OECD countries
(Organization for Economic Cooperation and
Development; an organization of the 24 most
developed industrialized countries based in
Paris). Similar amounts of CO are produced
globally by forest fires and biomass burning.
Sulfur dioxide (SO2) is a sufficiently toxic
gaseous pollutant for the natural environment.
SO2 is the result of the use of high sulfur fossil
fuels as well as volcanic emissions. It is
estimated that SO2 emissions in the 1980s were
around 100 million tons, of which 40%
proceeded from OECD countries. SO2 emissions
have decreased significantly due to the
improvement of fuel (desulphurization). In
addition to the effects on human health in urban
areas with increased air pollution, SO2 causes
damage to building surfaces and when vaporsoluble, creates acid rain destroying woodlands
and causing acidification of lakes with an
impact on aquatic organisms. Nitrogen oxides
(NO, NO2, NOx) are normally gaseous pollutants
(40-50%) of vehicles, but are also produced
(50%) by various combustion procedures at high
temperatures. NOx worldwide emissions are
estimated at 60 million tons (in the late 1980s),
of which 54% come from OECD countries.
NOxis another factor in the production of acid
rain and contributes along with CO2 and
methane (CH4) to the rise of greenhouse
effect[31-33]. Therefore, a special international
treaty has been adopted to decrease atmospheric
NOx. Particulate matter (PM) is a variety of
small particle diameters (from 50 to 0.1 μm) of
various materials and combustions (soil dust,
rubber powder, carbonaceous combustion
particles, etc.) suspended in the atmosphere of
urban and industrial areas. Total particulate
emissions are estimated at 60 million tons in
1980, of which 23% is due to OECD countries.
The porous surface of the particles has the
ability to absorb heavy metals, carcinogens and

polycyclic aromatic hydrocarbons (PAHs),
resulting in diseases and malignant neoplasms
of the respiratory system. Epidemiological
studies of recent decades show increased
morbidity and mortality in urban areas due to
high concentrations of suspended particulates
(particularly small particles PM10, PM2.5, 10
and 2.5 μm)[34]. Volatile Organic Compounds
(VOCs) are primarily characterized by volatile
aromatic compounds (such as benzene, toluene,
xylenes, etc.) emitted into the atmosphere. The
sources of VOCs are industries, vehicle
exhausts, liquid fuel stations, paints and
building materials. Although total emissions are
difficult to calculate, the US was emitting
approximately 17,580,000 tons in 1990, Britain
2,600,000 tons and Germany 2,545,000 tons[3537]. VOCs can remain in the atmosphere for 1-2
days, disintegrated into a wide variety of
hydrocarbons. The polychlorinated organic
compounds have an important role in
photochemical reactions and contribute to
environmental pollution because of their high
toxic and carcinogenic effects. They are
considered to be highly dangerous for human
health. Polychlorinated organic compounds
(dioxins,
dibenzofurans,
polychlorinated
biphenyls; PCBs) are atmospheric air pollutants
produced by various combustion emissions (car
exhaust, forest fires, emissions from insulation
materials), or pesticide use. PCBs were used as
heat insulating and dielectric fluids in
transformers, until banned in 1985. In recent
decades, significant efforts have been made
worldwide to reduce polychlorinated substances
that are not biodegradable in the environment
and bio accumulate through the food chain
(pesticides, etc.). The Stockholm Convention on
POPs (Persistent Organic Pollutants) aims at
limiting the uses and emissions of
polychlorinated substances with a priority to the
restriction or prohibition of certain substances:
aldrin, dieldrin, endrin, chlordane, heptachlor,
hexachlorobenzene,
mirex,
toxaphene,
polychlorinated biphenyls, dioxins, furans) [38].
Ozone (O3) is a secondary atmospheric pollutant
produced as a result of photochemical reactions
between hydrocarbons and nitrogen oxides in
the atmosphere. Owing to its oxidative capacity,
ozone is considered a highly dangerous
pollutant, both for human health and damaging
to plants, trees and materials. Air pollution is
not limited to the area where air pollutants are
emitted, but it also affects neighboring countries
through cross-border transfer. International
conventions on the limitation and control of
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cross-border pollution have been signed ad hoc.
In Europe, since 1979, the Convention on Long
Range Transboundary Air Pollution (LRTAP)
has been signed and controlled by the EMEP
(Co-operative Program for the Monitoring and
Evaluation of the Long-Range Transmission of
Air Pollution in Europe). The original purpose
was to control acid rain and eutrophication but
expanded
on
ozone,
polychlorinated
compounds, heavy metals and suspended
particles. The incineration of waste, toxic waste
and biomass, is also another form of severe air
pollution with gaseous pollutants, particles,
dioxins and furans. Although technology has
significantly improved with the incineration of
municipal and industrial waste by using
electrostatic filters at chimneys and high
temperatures for toxic waste, the problem of air
pollution still remains.
1.4. Environmental Toxicology of Nitrogen
Oxides
The complex photochemical reactions occurring
between organic and inorganic gaseous
pollutants and volatile compounds have been
studied and documented due to the production
of secondary toxic pollutants posing a threat to
human
health
and
the
environment.
Photochemical reactions originate from the
absorption of energy associated with solar
radiation by certain substances, resulting in a
change of their energy status. The electronic
overstimulation
caused,
leads
to
the
development of active substances, such as free
radicals and ions, capable of chain reactions and
the generation of secondary pollutants. The
basic photochemical reactions carried out are
results of solar ultraviolet (UV), reactive volatile
hydrocarbons such as aldehydes, carbon
monoxide (CO) and oxides of nitrogen. The
reactions triggered by this mixture lead to the
production of the main active pollutants such as
ozone (O3), hydrogen peroxide (H2O2),
peroxyacetyl nitrate [(PAN: CH3C(O)OONO2]
and its nitrogen peroxides through free radical
mechanisms [39]. Ozone is photochemically
produced by the oxidation of carbon dioxide
(CO) and VOCs by nitrogen oxides (NOx).
The carbonyl compounds produced by the
process and the stages of the above mechanisms
are photocatalyzed by the production of
additional peroxyl-free radicals, eventually
converted to ozone. The stage of reactions with
a restrictive role in ozone production is the
relative velocity the volatile organic compounds
(VOCs) are disintegrated. The role of volatile

organic compounds in the troposphere is an
essential precondition for the various stages of
photo-oxidative chain reactions.
Photochemical pollution causes significant
health problems in the respiratory system of
urban residents [40]. Exposure to high
concentrations of nitrogen oxides, during
photochemical cloud days in urban areas,
increases morbidity and mortality (in association
with suspended particles), inflammatory
conditions of the respiratory system, asthma
attacks, and other pneumococcal diseases [41].
Particular health problems of air pollution
include children and elderly people with
respiratory diseases [42-45]. A critical
consequence of atmospheric pollutants is acid
rain, caused by dry and wet precipitations or
aerosol deposition. These precipitations are the
result of sulphate (SO42-) and nitrate (NO3-) ions
emitted into the atmosphere by anthropogenic
activities, mainly combustion of high sulfur
fossil fuels. Numerous studies have shown that
acid precipitations or depositions have harmful
effects on living organisms and ecosystems. The
phenomenon of acid rain, a term proposed in
1872 by RA Smith, began to become more acute
with the advent of the Industrial Revolution and
the use of sulfur-rich fuels. Since the late 1970s,
potential impacts on habitats, historical
monuments, buildings and on human health
have prompted many countries to study and
legislate for limiting emissions, guilty of
creating acidic depositions, e.g. the 10-year
National Acid Precipitation Assessment
Program of the US Congress in 1980. Acidic
pollution is a cross-border issue of acidic
aerosol transfer between countries and
continents. Thence, both national and
international researches and programs have been
made so far to prevent and redress the impact,
accompanied by published publications and
reviews. To date, the attention of scientists has
also focused on the effects of suspended
particles and acidic depositions (sulphates and
nitrates in particulates) on plant or animal
species and ecosystems. Particulate matter is
usually a mixture of sulphates (SO42-) and
nitrates (NO3-), organic or geological matter and
carbonaceous microparticles. The percentages in
urban areas are: 20% (SO4), 40% (NO3), 28%
(organic substances), 10% (earthquake or
geological composition) and 5% (coal), but vary
between 5-10% depending on region and the
type of pollution [46]. The particles are
deposited over a period of time on the surface of
plants and trees, in water bodies and on the
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ground. Their impact on living beings and
ecosystems is proportional to the size,
composition and content of adsorbed toxic
metals, organic substances, sulphates and
nitrates. Effects on plants begin with inhibiting
photosynthesis, reducing plant respiration and
receiving nutrients from the soil, while other
impacts concern the imbalance of nutrient
emission from the leaves and the distribution of
carbon in plant tissues. Regarding animals,
particles can affect reproduction, genetic
diversity, population density and distribution, as
well as biodiversity. In terms of species
community, they can affect the trophic levels,
the distribution of root systems and trees, soil
productivity and biomass. Effects of particles in
ecosystems can occur in nutrient cycles, in the
hydrological cycle and energy flow. Particulate
matter has a wide variety of sizes and
composition; toxic substances, heavy metals,
acid and alkaline salts, rendering them critical
for organisms, communities and ecosystems in
areas where depositions are long- term and of
high concentrations. Despite the significance of
toxic effects referring to suspended particles on
plants, animals and ecosystems, they have not
been extensively studied to other gaseous and
solid pollutants. The research on the effects of
lime kiln dust, foundries and other particles on
plants, forests and ecosystems is limited [47,
48]. However, the effects of particulates bearing
significant amounts of sulphates and nitrates on
plants and forests is a more systematic field and
the implications have been recorded in several
scientific studies and publications [49].
Heavy metals carried on particulate matter are
main pollutants for plants, trees and soils. There
are several studies on the effects of metals on
forest health and ecosystems. Particular
importance has been attributed by scientists to
the toxicity of aluminum to plants and the
mechanisms by which it acts on the roots of
trees and plants.
Thus, exposure to nitrogen oxide pollutants
concerns the professions most exposed to them
than in everyday life, for instance those of
drivers, industries producing combustion
products or involving combustion processes.
Studies have been made for such cases, for
example the profession of commercial vehicle
drivers [50-52]. In addition, conducted studies
have shown that similar exposure to oxides
occurs in casting, glass and metal construction
industries [53-55]. Furthermore, exposure to
pollutants in tunnels and road networks due to

the traffic load are considered in the design and
operation of pollution limitation in road and
road tunnels by virtue of carbon monoxide
(CO), nitrogen oxides (NO2, NOx) and soot load.
Carbon monoxide (CO) is emitted by all
vehicles. The catalytic converters for
automobiles and the new regulations for heavy
vehicles have significantly reduced emissions
which increase with speed, road inclination and
altitude.
The generally accepted limit based on the
PIARC guidelines is 100 ppm/ 15 minutes.
Health effects are not persistent; therefore,
limits can reach 150ppm in extreme cases
(congestion).
The regulations are based on WHO guidelines,
which reduce the limit in the 2000 edition to
80ppm / 15 minutes. A corresponding reduction
is expected in the regulations as well. Nitrogen
dioxide (NO2) is emitted from all vehicles along
with nitric oxide (NO), which is oxidized over a
significant period of time in NO2. Overall,
vehicle manufacturers and the PIARC
guidelines give the total emission of both gases
(NOx).
NO2 was not hitherto evaluated and monitoring
CO concentration concurrently covered NO 2
concentration. However, by managing to reduce
CO emissions the correspondence is no longer
valid and NO2 should be taken into account in
the dimensioning of ventilation.
On the whole, its exact effect on health and its
acceptable limits remain uncertain. NO2 is
harmful in very small concentrations to people
with asthma and respiratory problems. The
increased attention given to vulnerable
population groups in recent years has led to a
significant reduction of the permissible limits in
the atmosphere.
The acceptable limits are in the range of 1ppm,
according to the PIARC guidelines. This
concentration is clearly lower than the 8- hour
exposure limits of Greek and British regulations
in working environments. Guidelines of WHO
give a 0.1ppm/ 1 hour limit in an urban
environment, lower than the average annual
value in most European cities.
The existing instruments in the market are
inadequate for measuring such small
concentrations suitable for each working
environment, and measurements are basically
made for both oxides (NO x). The percentage of
NO2 is considered to be 8% -15%, but there is
also an uncertainty herein; for dimensioning of
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ventilation, PIARC suggests NO2/NOx obtained
at 10%.

Exposure to 150-200 ppm may result in lethal
pulmonary disease [10, 34].

Therefore, as expected in the coming years, NO2
will be the pollutant determining the quantity
and quality of the air chemistry. In order to
confront the measurement difficulties, the CO
limits can be reduced to ensure that NO2 is also
tested through technical inspection. Soot is
emitted from diesel-powered passenger and
heavy-duty vehicles. The transmission increases
with the speed and inclination of the road
network. The main effect of soot is the reduction
of visibility and the generally accepted limit is
0.005m-1. Soot increases when velocity is small
and in case of congestion and the value of 0.009
m-1 is acceptable; limits are therefore a function
of velocity.

Nitrogen dioxide also reacts with hemoglobin
by generating inert compounds, mainly met
hemoglobin, whose levels are also used as an
indication of the amount of air pollution in
monoxide and nitrogen dioxide. This prevents
oxygenation of the tissues. The result is rapid
hypertension and cardiac arrhythmia.

1.5. Exposure to Oxides of Nitrogen and its
Public Health Issues
The issues raised are the mechanisms with
which NOx affect human health and plants, and
the symptoms and illnesses they induce when
they exceed statutory limits. By the term
nitrogen oxides is meant nitrogen monoxide
(NO) and nitrogen dioxide (NO2) present in the
air.
Nitrogen oxides (seven in number) are among
the most serious pollutants with NO2 nitrogen
dioxide predominant. A percentage of 50% of
NOx emissions come from vehicles, it is
produced as a by-product from the nitric and
sulfuric acid through industrial processing, it is
present in the nylon production, in the nitration
of organic compounds and in the conversion of
nitric oxide (NO) to dioxide through
photochemical conversions that occur in the
atmosphere at high temperatures.
The damaging effect of nitrogen dioxide on
plants begins at concentrations of 0.6 mg/kg,
causing inhibition of photosynthesis. At
concentrations of 2 mg/kg, the leaves are
destroyed.
However, the most significant damaging effects
are exerted on humans. Its limited solubility
allows it to penetrate deep into the lower
respiratory system. Irritations can begin at low
concentrations of 15 ppm (ppm: parts per
million), by tingling in the eyes and nose. To 25
ppm, respiratory irritations begin with cough,
shortness of breath or dyspnea, chest pain, a
yellowish coating while coughing or blood
cough, cyanosis, fever, asthma, increased
respiratory
rate,
tracheobronchitis,
bronchopneumonia and pulmonary edema.

Nitrogen, which accounts for 78% of the
volume of the atmosphere, forms various oxides
of nitrogen during combustion in all internal
combustion engines (e.g. cars) and all kiln and
fossil fuels. The main nitrogen compound
contained in car fuels is nitrogen monoxide.
The higher the combustion temperature, the
greater the amount of nitrogen oxide formed.
However, the process of combustion at high
temperature means a good efficiency (energy) of
the installation. Attempting to reduce
combustion temperatures leads to lower NOx
production, but deteriorates efficiency and
increases energy consumption. Nitrogen
monoxide is gasless and odorless. On the
contrary, the dioxide has a strong odor and a
red-yellow-brown color. Along with the
suspended particles in the atmosphere, it reduces
the brightness of the atmosphere and creates the
photochemical smog[56].
Short-term exposure (e.g. for less than 3 hours)
to current NO2 levels may result in respiratory
irritations and increased respiratory illnesses
such as childhood asthma (aged 5-12 years old).
Prolonged exposure causes sensitivity of the
respiratory system and may lead to severe,
permanent lesions of the lung.
Nitrogen oxides contribute to the emergence of
a variety of negative environmental impacts
such as significant changes in the composition
of certain species of wetland and terrestrial
vegetation, the occurrence of acid rain,
acidification and eutrophication of fresh water,
reduced visibility, increased levels of toxins of
various fish species and other aquatic animals,
etc.
In the last two decades, particular importance
has been given to the involvement of the
endothelium in the function of the heart and
vessels. The endothelium is the interior of the
three layers (tunica externa, media and intima)
of the vessel wall: it is like a "lining", a dividing
surface between the vessel and the blood.
Moreover, with the help of a large number of
substances it produces, it has a central role both
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in the regulation of vascular mobility and in the
way they interact with the blood components
(red and white blood cells, platelets)[57-59].
Through production of substances such as
nitrogen oxides (NO: substance produced by Larginine), prostacyclin and the EndotheliumDerived Hyperpolarizing Factor (EDHF),
endothelium exerts a relaxing effect on smooth
muscle cells of blood vessels, increases their
diameters and hence the amount of blood they
bring to the periphery. At the same time, it
generates vasoconstrictor substances, such as
endothelin, thromboxane and angiotensin,
thereby adjusting the tone and diameter of
vessels according to the needs of the tissues.
The
endothelium
exhibits
beneficial
antithrombotic properties, since both nitric
oxide and prostacyclin inhibit platelet
aggregation by preventing the formation of
blood clots that close the vessel and impede
blood flow at the periphery. Finally, it prevents
adhesion of leukocytes to the wall of the vessels
and reduces vascular hyperplasia, thus
participating in a substantial way in the
inhibition of atherogenesis [57-59].
Given that normal endothelial function has a
central role in cardiovascular homeostasis, it is
perfectly reasonable to assume that endothelial
dysfunction contributes to the pathogenesis of
diseases characterized by vasoconstriction,
extensive or abnormal vascular hyperplasia such
as atherosclerosis, hypertension and cardiac
inadequacy.
In recent years, through experimental studies in
the brachial and coronary vessels, the
endothelium dysfunction of both atherosclerosis
and individuals with risk factors for coronary
artery disease has been confirmed. People with
hypertension, hypercholesterolemia, diabetes
mellitus, smokers and the elderly were
examined and found that their endothelium
reacts by inducing vasoconstriction in
conditions that should normally cause
vasodilation. Moreover, it is assumed that
endothelial dysfunction is proportional to the
number of coexisting risk factors.
However, the involvement of endothelial
dysfunction in the pathophysiology of coronary
heart disease and other cardiovascular diseases
is as evident as the need to discover ways to
interfere and improve endothelial cell function.
In this direction, experimental data and clinical
studies are abundant and their results show that
therapeutic interventions can be divided into
those relating to hygiene-dietary measures and

those relating to the administration
pharmaceuticals and other substances.

of

Public health issues have been well documented
along with their deleterious effects concerning
ambient air pollution. Many epidemiologic
studies worldwide, have calculated that globally
at least seven million deaths are annually
attributable to the effects of air pollution [60].
Further on, several cohort studies have shown
that both ambient air pollution as well as trafficderived pollution have devastating effects on
human/public health [61, 62].
Furthermore, deleterious side-effects
of
pollutants concern children and prenatal status
both of the fetuses as well as the mothers [6365].
2. CONCLUSIONS
Nitrogen
oxides
are,
undoubtedly,
environmental pollutants of great importance.
Their significant effects on the biology and
ecobiology of living organisms are also a fact.
The issue raised is the unwillingness to reduce
these pollutants and the tendency of ignoring the
repercussions. Modern way of life lead us to the
formulation of safety rules and acceptable levels
of pollutants. Yet, is this true? Are there really
acceptable levels of pollution? In the light of
recent discoveries concerning the role of
endocrine disrupters it has been clear that even
small concentrations of pollutants could have a
devastating effect on cellular signaling and
signal
transduction
with
downstream
implications for health. In that sense, drastic
measures should be undertaken in order to
reduce pollution levels as well as nitrogen
oxides and further on, more research is required
in order to understand the effects of nitrogen
oxides on human health and physiology.
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