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Abstract

Urban air quality is becoming a serious public health concern at global scale. Particulate matter (PM) pollution
is intimately linked with human health. Present review describes the different human health implications
associated with PM pollution. PM may derive its origin from natural and anthropogenic sources. Vehicle
derived pollutants as well as industrial emissions simultaneously release deleterious fine-grained PM into the
atmosphere. Fine PM especially PM,s and PMy are particularly deleterious to human health. Air pollution
PM is an important environmental health risk factor for several respiratory and cardiovascular morbidity and
mortality. Further, PM is inextricably linked with genotoxicity and mutations. Literature review of the cellular
and molecular basis of adverse effects associated with PM is presented in this paper. Finally, management,
existing technologies and policy options to reduce or mitigate the adverse health impacts of PM pollution is
discussed as an eco-sustainable approach.
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1 Introduction

Particulate matter (PM) is closely associated with increases in morbidity and mortality (Maier et al., 2008;
Abbas et al., 2009). The London smog of December 1952 is estimated to have caused some 4000 excess deaths
(Harrison and Yin, 2000). In current Anthropocene, the problem of PM pollution is serious health concern for
both developing and developed countries.

Solid matter, which is composed of soil, anthropogenic metallic constituents, and natural biogenic
materials, is called dust (Ferreira-Baptista and DeMiguel, 2005; Rai, 2013). PM refers to a suspension of solid,
liquid or a combination of solid and liquid particles in the air (Hinds, 1999; Wilson et al., 2005). Air pollution
originating from PM is generally characterized by its highly complex nature (Alfaro-Moreno et al., 2002;
Abbas et al., 2009). PMs are a mixture e of particles and droplets in the air, consisting of a variety of
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components such as organic compounds, metals, acids, soil, and dust (U.S. Environmental Protection Agency,
2006; Ciencewicki and Jaspers,2007; Rai et al., 2014; Rai and Panda, 2014).

PM is one of six “criteria pollutants’ designated by the US Clean Air Act of 1971 (Wilson et al., 2005). The
PMs belong to the class of poorly soluble particles that also encompasses carbon black, coal mine dust, and
titanium dioxide (Borm et al., 2005; Moller et al., 2008). Measurements of the PM in ambient air are usually
reported as the mass of particles with an aerodynamic diameter that is less than 2.5 pm (PM,s) or 10 pum
(PMyo) (Zhu et al., 2006). Aforesaid particle sizes are emphasized in view of their pertinent health impacts
(Jahn et al., 2011; Rohr and Wyzga, 2012; Taner et al., 2013; Rai, 2013; Hicken et al., 2014; Pascal et al., 2014;
Yadava et al., 2014; Rai and Pana, 2014; Rai et al., 2014; Kim et al., 2015; Yang et al., 2015).

The urban air quality is continually affected by emission from stationery and mobile combustion sources.
Mobile sources contribute to the emission of major urban air pollutants including carbon dioxide
(COy),nitrogen oxides (NOy), sulphur oxides (SOy), particulate matter (PM), Lead (Pb), photo chemical
oxidant, such as ozone (O3) and ozone precursors like hydrocarbons and volatile organic compounds (Costa,
2004). Among these pollutants, the concentration of PMy, and PM,s airborne aerosols showed a good
agreement with traffic released pollutant and other combustion process (Prajapati and Tripathi, 2007). PM has
been widely studied in recent years and the United Nation estimated that over 600 million people in urban
areas worldwide were exposed to dangerous levels of traffic generated air pollutants (Cacciola et al., 2002).

2 Sources of PM Pollution

Sources of PM pollution may be natural as well as anthropogenic. Natural processes that emit PM into the
atmosphere include volcanic eruption, geochemical sources, wind-blown dust, soil and spray from marine
sources. Natural sources of PM e.g. volcanic eruptions may contain sulphurous particles and may have an
adverse effect on cardio-respiratory health in adults (Longo et al., 2008). Anthropogenic sources include power
plant, traffic, agriculture and various industrial activities such as mining and the metallurgical industries.
Diesel exhaust emissions are the major source of PM, s in urban environment. Vehicular emissions consist of
PMs and gaseous emissions, with biologically active carbonaceous products present in both phases. Black
carbon, mainly from diesels, is found in ultrafine and fine size fractions, mainly less than 1um in size and
predominantly below 0.18um (Mauderly and Chow, 2008). Such vehicular particulates are often coated with
condensed organic and inorganic compounds (Mauderly, 2001; Health Effects Institute, 1995). Ambient
concentrations of the platinum group elements (PGE) platinum (Pt), palladium (Pd) and rhodium (Rh) have
been on the rise, largely due to the use of automobile catalytic converters which employ these metals as
exhaust catalysts and these PGE may impose a considerable human health risk (Wiseman and Zereini, 2009).
Approximately 75% of diesel PM, s emissions consist of such carbon (Health Effects Institute, 2003).Results
of a case study of Restaurants in Turkey indicated that cooking is a significant source of indoor particulate
matter that can cause adverse health effects and the lifetime cancer risk associated with As and Cr (VI)
exposure was significant at selected restaurants, which might of concern for restaurant workers (Taner et al.,
2013).

Anthropogenic emissions in conjunction with the topographical and meteorological conditions can result in
high air pollution within the city which may inhibit the performance level as predicted before the Athens
Olympics (Geraint et al., 2008). In Udaipur region, Rajasthan, India, PM increase may be associated with high
morbidity particularly during winter season (Yadav et al., 2014)

Theophanides et al. (2007) evaluated the atmospheric pollution created by industry and traffic areas near to
the Greek cities and the corresponding mortality of citizens in the region and found that adverse environmental
impact of air pollutants is a major concern in the industrial centers.
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3 Size Fractionation of PM
Particulate matters (PMs) can be classified as coarse, fine and ultrafine depending upon their particle size. PMs
measured in urban air used in health effects studies and for regulation are:
* Nuclei mode (smaller than 0.1 um), often referred to as ultrafine particles (UFPs); they do not last long in
the air since they deposit or rapidly form fine particles by coagulation.
« Accumulation mode (between 0.1 and approximately1.0-2.5 um) account for the majority of the mass of
suspended particles and deposit slowly leading to a long atmospheric life time of 5 to 10 days and the build-
up of visible haze. These particles may readily penetrate indoor spaces and are most strongly linked to
adverse health effects.
« Coarse mode (larger than 1 um), which extends upto 100 um; they deposit relatively quickly with a lifetime
of less than 2 days. (Robert et al., 2003)

Atmospheric PM with aerodynamic diameter <10mm (PMyo) or <2.5m (PM; 5 are of considerable concern
for public health (NEPC, 1998; Schwartz et al., 1996; Beckett et al., 1998 ; Borja-Aburto et al., 1998; Prajapati
and Tripathi, 2008a-d; Maher and Matzkaa, 1999; Pope Ill, 2000; Rai, 2013). The ultrafine particles with
typical dimension of nanometre-length scale are most hazardous (Wahlin et al., 2006) as it causes several life
threatening diseases of varying dimension (Wahlin et al., 2006; Brook et al., 2004; Veranth et al., 2003; Samet
et al., 2000a). Ultrafine particles are responsible for the bulk of adverse health effects associated with particles
in ambient air (Penttinen et al., 2001; Rai, 2013). Ultrafine PM is more potent than fine or coarse PM towards
inducing cellular damage (Le et al., 2002) and also passes rapidly into the circulatory system (Nemmar et al.,
2001).

Dust pollution in the atmosphere, particularly of pollutant particles below 10 pum (PMyg), is of current
concern worldwide due to adverse health effects associated with their inhalation (Calderon-Garciduenas et al.,
2004; Morris et al., 1995; Oberdorster, 2000; Pope et al., 2004; Faiz et al., 2009; Rai, 2011a; Rai, 2011b; Rai,
2013). Moreover, PM in dust is thought to be the most harmful pollution component widely present in the
environment (Bealey et al., 2007; Rai, 2013). In addition, air-borne particle pollution also causes a decrease in
air visibility and abnormal changes in vegetation (Jiqun et al., 1995).

4 Health Impacts of PM Pollution

PM is associated with many adverse human health impacts (Jahn et al., 2011; Rohr and Wyzga, 2012; Taner et
al., 2013; Hicken et al., 2014; Pascal et al., 2014; Yadava et al., 2014; Rai and Pana, 2014; Rai et al., 2014;
Kim et al., 2015; Yang et al., 2015). PM vehicular emissions, notably in the ultrafine fraction, have been
specifically associated with endpoints such as oxidative stress and mitochondrial damage (Li et al., 2003), lipid
peroxidation (Pereira et al., 2007), up regulation of genes relevant to vascular inflammation (Gong et al., 2007),
and early atherosclerosis and oxidative stress (Araujo et al., 2008). Progression of atherosclerosis has also been
reported due to exposure of PM pollution (Suwa et al., 2002). Table 1lists the global researches on adverse
health impacts of PM pollution.
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Table 1 List of adverse impacts of PM demonstrated through global researches.

Particulate Matter

Health Impacts

References

Effect of Particulate Pollutants on Human Health

Ultrafine Particles
and Fine Particle
Suspended Particulate
Matter (Spm)

Paticulate Matter
(PM2.5, PM10)

Ultrafine particles induce vascular and systemic
inflammation, oxidative stress, cellular damage,
mitochondrial damage, lipid per oxidation and early
atherosclerosis. Fine particle may provoke alveolar
inflammation, resulting in the release of harmful
cytokines and increased blood coagulability.

Its effect attributed to mild eye irritation, mortality
and respiratory disorder such as nose block,
sneezing, cough and hyperacidity. It also affects
infant birth weight and mortality causing sudden
infant death syndrome. Ambient Particulate matter
exposure can be associated with specific
physiologic endpoints including reduced lung
function causing lung inflammation and injury
increased blood plasma viscosity affecting vascular
tone and endothelial function reduced heart rate
variability increased circulating markers of
inflammation mild hypoxemia or decline in blood
oxygen saturation.

Increased symptoms of obstructive airway disease,
such as chronic cough, bronchitis, and chest illness
PM is also associated with decreases in DNA
methylation in NOS2A, a gene directlyresponsible
for production of nitric oxide, an importantplayer in
both respiratory and cardiovascular diseases.
Elevated concentration of PM2.5 exposure is
strongly associated with myocardial infarction(Ml),
Ischemic

heartdisease,dysrhythmias,heart  failure, cardiac
arrest, increased carotidintima media
thickness(CIMT) a measure of subclinical

atherosclerosis. Short term exposure to diesel
exhaust mainly consisting of PM2.5 has an acute
inflammatory  effect resulting in  marked
neutrophilia, activation of mast cells and neutrophils
and the production of cytokines and chemokine
associated with neutrophil accumulation and
activation .

PM10 exposure is associated with increased
ischemic heart diseases among the elderly
population and with higher risk of myocardial
infraction.  Increased concentration of dust
particulates in the air contribute human health
hazards involving acute respiratory disorders such
as sinusitis, bronchitis, asthma and allergy and
damage to the defensive functions of alveolar
macrophages leading to increase respiratory
infections.

Seaton et al., 1995;Driscoll et al.,
1997b; Donaldson et al., 2000 ;Stone
et al., 2000; Penttinen et al., 2001; Le
et al., 2002; Utell et al., 2002; Li et
al., 2003; Grahame and Schlesinger .,
2007; Gong et al., 2007; Pereira et
al., 2007; Araujo et al ., 2008; Ayres
etal ., 2008 .

Lave and sekin., 1977; Lipfert., 1978;
Wang et al., 1997; Woodruff et al.,
1997; David.,2003; Sirajuddin et al.,
2010. Dockery et al., 1989; Portney
et al.,, 1990; Schwartz et al., 1993;
Dockery et al., 1996; Peters et
al .,1997; Hoek et al., 1998; Peters et
al., 1999; Pope et al., 1999; Salvi et
al., 1999,2000;Gold et al., 2000; Tan
et al., 2000; Peden., 2001; Peters et
al., 2001;Vincent et al., 2001;Brook
et al., 2002; Kodavanti et al., 2002;
Ghio et al., 2003; Demeo et al., 2004;
Liao et al., 2004; Pope et al., 2004;
Schins et al., 2004; Ghio et
al.,2000,2004; Gong et al.,

2005; Park et al., 2005; Schwartz et
al., 2005; Rucker et al., 2006; Ulrich
et al.,, 2012. Tarantini et al., 2009;
Breton et al.,, 201la. Liao et al.,
1999;Pope et al., 1999; Peter et al.,
2001; Pope et al.,2003; Kunzli et al.,
2005; Pope et al.,2006;Samet and
Krewski.,2007;Karr et al 2007. Salvi
et al, 2000; Frampton., 2001;
stenfors et al., 2004; Schwartz and
Dockery, 1992 a,b; Schwartz

and Morris 1994, 1995;Schwartz and
Zanobetti 2005; Jahn et al.,, 2011;
Rohr and Wyzga, 2012; Taner et al.,
2013;Hickenet al., 2014; Pascal et
al., 2014; Yadava et al., 2014; Rai
and Pana, 2014; Rai et al., 2014; Kim
etal., 2015; Yang et al., 2015

Heavy Metals In Dust
Particulates

Presence of heavy metals in air borne particulates
causes protein denaturation resulting in malfunction
or death of cell. It also causes a number of health
effects such as cancer, neurotoxicity, immune-
toxicity and cardio-toxicity, leading to increased
morbidity or mortality in community

Beg., 1999 ; Al-Hurban and Al-Ostad
2009

Dockery et al., 1993; Pope et al.,
1995;
USEPA,
1995,1996

1996 ;  Silbergeld.,
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Inhalation exposure studies have shown that short term exposure to diesel exhaust has an acute
inflammatory effect on normal human air ways resulting in marked neutrophilia, activation of mast cells and
neutrophils and the production of cytokines and chemokine associated with neutrophil accumulation and
activation (Salvi et al., 2000; Stenfors et al., 2004; Frampton, 2001). Epidemiologic studies conducted in
different parts of the world have demonstrated an important association between ambient levels of motor
vehicle traffic emissions and increased symptoms of asthma and rhinitis (Rai, 2013). Additionally, recent
human and animal laboratory-based studies have shown that particulate toxic pollutants, and in particular
diesel exhaust particles (DEP), can enhance allergic inflammation and induce the development of allergic
immune responses (Salvi et al., 2000; Stenfors et al., 2004; Frampton, 2001).

Diesel exhaust-exposed workers have been shown to have an increased risk of lung cancer (Nielsen et al.,
1996a; Nielsen et al., 1996b; Scheepers et al., 2002). Methods for the assessment of exposures to diesel
exhaust were evaluated by comparing underground workers (drivers of diesel-powered excavators) at an oil
shale mine in Estonia with surface workers and it was observed that underground miners were also
occupationally exposed to benzene and polycyclic aromatic hydrocarbons, as indicated by excretion of urinary
metabolites of benzene and pyrene and increased O°-alkylguanine DNA adducts were detected in the white
blood cells of underground workers, suggesting higher exposure to nitroso-compounds (Scheepers et al., 2002).
Diesel exhaust consists of a complex mixture of particulates which contain known genotoxicants, one of which
is benzene. Muzyka et al., (1998) indicated significant differences in 5-aminolevulinic acid (ALA) synthesis
and heme formation between the exposed workers to PM containing benzene when compared to the non-
exposed individuals.

Several air pollutants, comprising PM e.g. benzo[a]pyrene among other carcinogenic polycyclic aromatic
hydrocarbons (c-PAHs) and diesel engine exhaust emissions, are classified as class-1 carcinogen whereas
gasoline engine exhaust emissions, carbon black, and a number of PAHSs are classified as group 2B for their
carcinogenicity by the International Agency for Research on Cancer (IARC) (IARC, 1983, 1987, 1989;
Pedersen et al., 2006).

Chen et al. (2004) reported that ambient air pollution had acute and chronic effects on mortality, morbidity,
hospital admissions, clinical symptoms, lung function changes, etc. in China. Schoket (1999), in his exhaustive
study found that in Silesia, Poland, and Northern Bohemia, Czech Republic, where coal-based industry and
domestic heating are the major sources of PAHSs, significant differences have been observed in white blood
cell DNA adducts and cytogenetic biomarkers between environmentally exposed and rural control populations,
and significant seasonal variations of DNA damage have been detected. Further, Schoket (1999) found that in
Copenhagen, Athens, Genoa and Cairo, Bus drivers, traffic policemen and local residents have been involved
in biomarker studies and differences have been measured in the level of DNA damage of urban and rural
populations.

Traffic originating from increased number of vehicles may cause multiple adverse health effects including
asthma and allergic diseases, cardiac effects, respiratory symptoms, reduced lung function growth, adverse
reproductive outcomes, premature mortality, and lung cancer (White et al., 2005; Samet, 2007).The occurrence
of dramatic Micro Satellite alterations in 3p chromosome multiple critical regions could be a crucial
underlying mechanism, which exacerbated the lung toxicity in air pollution PM-exposed target L132 cells
(Saint-Georges et al., 2009).

Traffic policemen are heavily exposed to vehicle exhausts during traffic control and other outdoor
activities (Carere et al., 2002) which may lead to increased incidences of sister chromatid exchanges (Anwar,
1994; Chandrasekaran et al., 1996; Zhao et al., 1998; Carere et al., 2002) and micronuclei and chromosomal
aberrations (Anwar, 1994; Chandrasekaran et al., 1996; Zhao et al., 1998). Carere et al. (2002) while
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investigating blood cells and DNA of Rome traffic policemen and office workers indicated that exposure to
moderate air pollution levels does not result in a detectable increase of genetic damage in blood cells.

Muzyka et al. (1998) demonstrated the data on determination of 5-aminolevulinic acid (ALA) synthesis
and heme formation in lymphocytes from a group of 45 bus-garage workers and an analogous data from a
group of 25 unexposed subjects and the outcome indicated significant differences in ALA synthesis and heme
formation between the exposed workers when compared to the non-exposed individuals. Also, concentration
of porphyrin associated with DNA was significantly increased (Muzyka et al., 1998). Aforesaid findings of
Muzyka et al. (1998) reflected that metabolites of heme synthesis in lymphocytes could be a useful
biomonitoring index for the determination of a sensitive subgroup of workers who undergo the higher risk of
cancer development.

Various studies showed PM exposure, associated with elevated levels of c-reactive protein, a marker of
systemic inflammation that may be important and independent predictor of cardiovascular diseases. For
example, a recent study reported associations between CRP and interleukin (IL)-6 with PM in subjects with
coronary artery disease (Delfino et al., 2008). inflammatory lung injury, bone marrow and blood cell responses,
enhanced human alveolar macrophage production of proinflammatory cytokines, elevated blood plasma
viscosity (Ghio et al., 2003), endothelial dysfunction and brachial artery vasoconstriction and triggering of
myocardial infarction. Polichetti et al. (2009) extensively reviewed the impact of PM on cardiovascular system.
Particulate matter is also linked with psychosocial stress and high blood pressure (Hicken et al., 2014).

Suspended particulate matter (SPM) is of the greatest concern as it contributes 50% to total air pollution
(Fuller, 1974) and causes respiratory disorders in human beings on prolonged exposure (Freer-Smith et al.,
2004) as it include all airborne particles in the size range of 0.5u to 100u. Its effects attributed to mild eye
irritation, mortality (David, 1995). Sirajuddin and Ravichandran (2010) also studied SPM related respiratory
disorders such as nose block, sneezing, cough and hyperacidity in Tiruchirappalli, India. Bhattacharjee et al.
(2010) noted that PMgs<4.6 um and PMgs<1.1 um are hazardous to human health due to its capacity to be
inhaled into the bronchial region and getting deposited in the alveolar region. Air quality monitoring at
Kolkata, India (for SPM, RPM, NO,, SO,, CO and Pb levels) indicated that they are currently at levels
dangerous to human health (Ghose et al., 2005).

In literatures, it is well documented that particulate pollution causes adverse health impact particularly in
the size range of less than 10um (Curtis et al., 2006; Lipmann, 2007; Zeger et al., 2008; Mitchell et al., 2010).
PM pollutants are associated with adverse effects on respiratory system (Schwartz, 1996; Pope et al., 2002;
Knutsen et al., 2004; Knox, 2006; Mabher et al., 2008; Hansard et al., 2011). If these particulates of size lower
than 10um causes inflammation and diminished pulmonary function can be unavoidable (Knutsen et al., 2004;
Seaton et al., 1995; Mabher et al., 2008). Further, PM with aerodynamic diameter smaller than 2.5 mm (PM,s)
have even more deleterious health impacts because when inhaled they penetrate deeper than PMyy and can
reach lungs alveola (Rizzio et al., 1999; Harrison and Yin, 2000; Wichmann and Peters, 2000; Saragnese et al.,
2011). Links with lung cancer (Pope et al., 2002; Beeson et al., 1998) and increased cardiovascular mortality
rates (Schwartz, 1996) have also been established. Lung diseases due to PM may be attributed to presence of
inflammatory cells in the airways including neutrophils (PMN), eosinophils and monocytes (Mo), and
increased numbers of alveolar macrophages (AM) (Becker et al., 2002).

Children are particularly sensitive to air pollution as their lungs as well as immune systems are not
completely developed when compared to adults one (Bateson and Schwartz, 2007). Further, children are
considered more vulnerable to the adverse effects of air pollution than adults due to physiological differences
related to their body size, growth, development and immaturity of organs and body functions (Pedersen et al.,
2006). The air intake of a resting infant of an age less than 1 year is twice that for an adult (Pedersen et al.,
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2006). Children also exhibit a higher intake of food and water per kilogram body weighs (Pedersen et al.,
2006). Bener et al. (2007) determined the impact of asthma and air pollution on school attendance of primary
school children 6 to 12 years of age in Qatar and their finding showed that air pollution has an impact on
asthma, which results in significant school absenteeism.Wilhelm et al. (2005) assessed the impact of Pb and Cs
child-mother pairs in North Rhine Westphalia, Germany and through regression analysis showed that Pb levels
in ambient air were associated with Pb in the blood of children and mothers.

Urinary 1-hydroxypyrene (1-OHP), a major metabolite of pyrene may act as a biomarker of exposure to
PAHs (Bouchard and Viau, 1999; Jonganeelen et al., 1990; Cavanagh et al., 2007). Cavanagh et al. (2007)
found that 1-hydroxypyrene (1-OHP) was found in elevated concentrations in school children immediately
after heavy exposure of particulate pollution particularly PAH.

Global records showed PM below size 2.5 pum causes 3% of mortality from cardio-pulmonary disease; 5%
of mortality from cancer of the trachea, bronchus and lung; and 10% of mortality from acute respiratory
infections in children under five (Cohen et al., 2005; Maher, 2009). It is well established through literatures
that air pollution with PM in children results in detectable effects indicated by a number of biomarkers of
exposure and early effects (Pedersen et al., 2006). Aforesaid hypothesis was tested through a family pilot study
which was conducted in the Czech Republic through fluorescence in situ hybridization (FISH) and it was
concluded that micronuclei (MN) is a valuable and sensitive biomarker for early biological effect in children
and adults living in two different areas characterised with significant exposure differences in c-PAHs
concentrations during winter (Pedersen et al., 2006).

PM pollution is intimately linked with cardiovascular morbidity and mortality (Brook et al., 2004; Adar
and Kaufman, 2007). Several researches demonstrated that approximately 50% of the adult mortality from air
pollution or 22,000 deaths per year to traffic sources in Austria, France, and Switzerland (Kunzli et al., 2000;
Adar and Kaufman, 2007). Adar and Kaufman (2007) reviewed the epidemiological evidence regarding the
impact of traffic-related pollution on cardiovascular diseases and future directions being used in ongoing
epidemiological studies to identify the cardiovascular health impacts of traffic.

Further, several studies have shown an association between exposure to ambient PM and hospital
admissions for cardiac and respiratory causes (Analitis et al., 2006; Atkinson et al., 2001; LeTertre et al., 2002;
Migliaretti et al., 2005; Sun et al., 2006; Ciencewicki and Jaspers, 2007). Moreover, it has been shown that
hospital visits for asthma associated with exposure to PM are more prevalent in children and the elderly
(Migliaretti et al., 2005; Sun et al., 2006; Ciencewicki and Jaspers, 2007) and that exposure to PM is
associated with decreased lung function in children (Moshammer et al., 2006; Ciencewicki and Jaspers, 2007).

In general, PM comprises polycyclic aromatic hydrocarbons (PAH) and volatile organic compounds
(VOCs), which may have deleterious impact on human health. Air pollutants particularly VOCs have been
reported from waste treatment and disposal facilities and may be of concern to public health (Hamoda, 2006).
Associations between urban pollutants and respiratory and cardiovascular problems, and still a greater
incidence of certain cancer types have already been mentioned in literatures (Lester and Seskin, 1970; Saldiva
etal., 2002; Lin et al., 2003).

Ciencewicki and Jaspers (2007) reviewed the association between and effect of air pollutants and
respiratory viral infections, as well as potential mechanisms associated with these effects. PM, especially
traffic-related airborne particles, contains a large number of genotoxic/mutagenic chemical substances, which
can cause DNA damage and promote malignant neoplasms (Valavanidis et al., 2008). The genotoxicity of PM
was extensively studied with the Salmonella typhimuriumassay (Ames test) by various research groups and
reviewed by Claxton et al. (2004) and summarized elsewhere (Valavanidis et al., 2008). Combustion emissions
account for over half of the fine particle (PM_s)air pollution and most of the primary particulate organic matter
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(Lewtas, 2007). Lewtas (2007) in his extensive review on the impacts of air pollution on human beings
mentioned that both short- and long-term exposures to combustion emissions and ambient fine particulate air
pollution have been associated with measures of genetic damage. Moreover, long-term epidemiologic studies
have reported an increased risk of all causes of mortality, cardiopulmonary mortality, and lung cancer
mortality associated with increasing exposures toair pollution. Adverse reproductive effects (e.g., risk for low
birth weight) have also recently been reported in Eastern Europe and North America (Lewtas, 2007). The use
of a non-smoking female population in Silesia with a limited age range and a homogeneous occupation
indicated that environmental exposure to air pollution may be responsible for genetic damage (Michalska et al.,
1999).

Constituents of PM pollutants emanating from vehicular emissions have been demonstrated to cause
genotoxicological impact on plants as well as humans. For instance, although PAHSs are relatively chemically
inert compounds, however, through metabolic activation to electrophilic derivatives (e.g. diolepoxides,
quinones, conjugatedhydroxyalkyl derivatives) these are capable of covalent interaction with nucleophilic
centres of DNA (Schoket, 1999). These adducts of PAH to DNA cause base pair substitutions, frameshift
mutations, deletions, S-phase arrest, strand breakage and a variety of chromosomal alterations (Schoket, 1999).
Two main cell types are likely to interact with inhaled particles i.e. Alveolar macrophages (AM) and airway
epithelial cells in response to PM pollution (Becker et al., 2005). Dagher et al. (2006) demonstrated that in
vitro short-term exposure to PM, 5 induced oxidative stress and inflammation in human lung epithelial cells
(L132) and emphasized the need of such researches to reveal the mechanism of adverse health impact imposed
by PM. PM induces the activity of NF-kB manifold which is a transcription factor that can induce gene
transcription in a variety of pro inflammatory cytokines, enzymes that generate mediators of inflammation and
immune receptors (Yang and Omaye, 2009).Researches investigated the biological effects of PM,s0n human
lung epithelial cell line A549 (Calcabrini et al., 2004). Billet et al. (2008) assessed the genotoxic potential of
PAH containing PM on human lung epithelial A549 cells. Fine PM are also reported to induce sister chromatid
exchange in human tracheal epithelial cells (Hornberg et al., 1998).

Statistically significant increase was established in the frequency of chromosomal aberrations in peripheral
blood lymphocytes from the exposed population towards heavy metals and dioxins/furans, hence,
chromosomal aberrations in human peripheral blood lymphocytes may be generally used as a biomarker
(Huttner et al., 1999).Hellman et al. (1999) demonstrated that increased levels of radon in indoor air (>200
Bg/m®)were found to be associated with an increased level of DNA damage in peripheral lymphocytes.

Reports indicated that constituents of inhaled PM may trigger a proinflammatory response in nervous
tissue that could contribute to the pathophysiology of neurodegenerative diseases (Campbell et al., 2006). PM
affects sensory and neural pathways through activation of capsaicin-sensitive vanilloid (VRI) irritant receptors
(Veronesi and Oortgiesen, 2001).

Claxton and Woodall Jr. (2007) for the first time extensively reviewed the mutagenicity and
carcinogenicity of air pollutants. Coronas et al. (2009) investigated genotoxic effects on people exposed to oil
refinery in southern Brazil and the mutagenic activity of airborne PM. Individuals who environmentally
exposed to heavy metals (mercury and lead), organic (styrene, formaldehyde, phenol and benzo[a]pyrene) and
inorganic (sulfur and nitrogen oxides, hydrogen and ammonium fluorides) volatile substances may have high
rate of chromosomal aberrations and sister-chromatid exchanges (Lazutka et al., 1999).
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Fig. 1 Interaction of PM and its constituents with DNA leading to DNA adduct formation.

In an integrated way, PAH and VOCs lead to the formation of bulky DNA adducts (Moller et al., 2008).
Fig. lrepresents the mechanism through which PM leads to formation of DNA adducts. The genotoxic effect
of pollutants on the ecosystem, including the build-up of resistant species, is also of considerable concern (Ma
et al., 1994; Grant, 1998). The potential genotoxic effects on human health by such vapour phase chemicals
include malignant cell formation, the accumulation of heritable abnormal genes within the population, heart
disease, aging and cataracts (Grant, 1998). The effects of toxic compounds, and the subsequent genotoxic
effects on plants, are of particular importance as plants comprise a large portion of our biosphere and constitute
a vital link in the food chain (Grant, 1998; Rajput and Agrawal, 2005). Estimating air genotoxicity is therefore
crucial to evaluating risk to the environment and public health. PAH which are deleterious components of
particulates results in risk of breast cancer (Gammon and Santella, 2008). Further, PAH causes DNA damage
T- and B-lymphocytes and granulocytes (specifically single strand DNA breakage) in individuals exposed to
exhaust fumes (Sul et al., 2003).

As stated earlier, PMs also consist of heavy metals, carbon core and pollen, which further interacts with
gaseous pollutant resulting in the formation of DNA lesions. PM (specifically PMy, and PM, ) contain several
deleterious metals. The problem of metals is very much prevalent in atmosphere particularly those in Asian
countries which was extensively reviewed by Fang et al. (2005). Pb may have several genetical impacts in
human beings e.g. fidelity of DNA synthesis, mutation, chromosome aberrations, cancer and birth defects

IAEES WWWw.iaees.org



10 Environmental Skeptics and Critics, 2015, 4(1): 1-26

(Johnson, 1998). It reacts or complexes with many bio molecules and adversely affects the reproductive,
nervous, gastrointestinal, immune, renal, cardiovascular, skeletal, muscular and hematopoietic systems as well
as developmental processes (Johnson, 1998).

Several researches have shown that the size of the airborne particles and their surface area determine the
potential to elicit inflammatory injury, oxidative damage, and other biological effects (Valavanidis et al., 2008).

There has been considerable concern on the pulmonary effects of particulates less than 2.5 um (PM,s) or
10 pm (PMyp), as they can reach the alveoli and translocate to the circulation, whereas particles of larger size
deposit mainly in the upper airways and can be cleared by the mucociliary system (Oberdorster et al., 2005;
Moller et al., 2008). In the recent past, many studies highlighted the role of ambient airborne PM as an
important environmental pollutant for many different cardiopulmonary diseases and lung cancer (Valavanidis
et al., 2008). Further, it has increasingly being realized that generation of reactive oxygen species (ROS) and
oxidative stress is an important toxicological mechanism of particle induced lung cancer (Knaapen et al., 2004;
Risom et al., 2005). The fraction of PM contains a number of constituents that may increase the generation of
ROS by a variety of reactions such as transition metal catalyses, metabolism, redoxcycling of quinones, and
inflammation. PM, thus, can generate oxidative damage to DNA, including guanine oxidation, which is
mutagenic (Kasai, 1997; Moller et al., 2008).The oxidative stress mediated by PM and resulting DNA damage
may originate from generation of ROS from the surface of particles, soluble compounds such as transition
metals or organic compounds, altered function of mitochondria or NADPH-oxidase, and activation of
inflammatory cells capable of generating ROS and reactive nitrogen species (Risom et al., 2005). Production
of reactive oxygen species (ROS) and the secretion of inflammatory cytokines could interact by inducing cell
death by apoptosis (Shukla et al., 2000; Haddad, 2004; Hetland et al., 2004; Dagher et al., 2006) (Fig. 2).
Interaction between oxidative stress by products and certain genes within our population may modulate the
expression of specific chronic diseases (Yang and Omaye, 2009).
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Fig. 2 Impact of PM on cellular machinery leading to apoptosis.

Epidemiological studies have observed positive associations between levels of PM and the incidence of
mortality, including those involving cardiovascular and respiratory conditions (Dominici et al., 2003;
Katsouyanni et al., 2001; Pope et al., 2002; Samet et al., 2000a; Ciencewicki and Jaspers, 2007). Likewise,
numerous epidemiologic studies highlighted the health implication of fine particles with aerodynamic diameter
smaller than 10 pum (Kunzli et al., 2000; Katsouyanni et al., 2001; Pandey et al., 2005; Pandey et al., 2006;
Pope et al., 2002; Peng et al., 2005; Prajapati et al., 2006). Epidemiologic findings suggest that short term PM
exposure can trigger acute or terminal health events whereas long term PM) exposure however could promote
life shortening chronic illness. PM was also associated with decreases in DNA methylation in NOS2A, a gene
directly responsible for production of nitric oxide, an important player in both respiratory and cardiovascular
diseases (Tarantini et al., 2009; Breton et al., 2011a). A study in china reported a significant adverse
relationship between birth weight and maternal exposure to total SPM (Wang et al., 1997) suggesting that both
pre and post natal exposure to ambient PM affects infant birth weight and mortality. Other studies have also
suggested a significant link between PM exposure and excess infant mortality (Lave and Sekin, 1977; Lipfert,
1978; Woodruff et al., 1997). Woodruff et al. (1997) also studied the link between PMy, exposures to an
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increased incidence of sudden infant death syndrome. Additional evidence suggested that PM exposure over
time can alter lung function, lung tissue and structure, air way responsiveness and respiratory defence
mechanisms and can increase susceptibility to respiratory infection and damage respiratory cells (EPA, 1996;
EPA, 1997). The association of ambient PM with mortality and cardiovascular outcome has been well
established in studies of short term exposure (Levy et al., 2000; Samet et al., 2000a, 2000b; Zanobetti et al.,
2000). PM, 5 exposure increases ischemic cardiovascular events and promotes atherosclerosis (Barajas et al.,
2008;Samet and Krewski, 2007; Pope et al., 2006; Pope et al., 2003). Karr et al. (2007) also suggested the
infant bronchiolitis as an adverse effect of PM, 5 exposure. Long term PM exposure has been associated with
sub clinical chronic inflammatory lung injury and sub clinical atherosclerosis and also associated with the
incidence of cardiovascular diseases and death among post-menopausal women (Miller et al., 2007).

Christophe et al. (1997) have reported some metal in air borne dust particulates, having toxic effect on
human health. Heavy metals associated with respirable dust particles having size below 10 pm (PMy) in urban
air can penetrate deep into the lungs and retained their causing many health problems. Heavy metals are toxic
even at low concentration in air. After inhaled, they form complexes or legends with vital protein molecules,
denaturing them and resulting in malfunction or death of cell (USEPA, 1996). Heavy metal are now correlated
with a number of health effects such as cancer, neurotoxicity, immune-toxicity and cardio-toxicity, leading to
increased morbidity or mortality in community (Dockery et al., 1993; Pope et al., 1995; Silbergeld, 1995,1996).

Beg (1999) performed a study on the toxic response of urban dust leading to the dispersion of PM in the
atmosphere at a shocking high concentration. Increased concentration of this inhalable PM in the air due to
dust storms contribute human health hazards involving acute respiratory disorders such as sinusitis, bronchitis,
asthma and allergy and damage to the defensive functions of alveolar macrophages leading to increase
respiratory infections. Research has also found that exposure to ambient PM concentration results in increased
blood level of endothelins which can affect vascular tone and endothelial function (Vincent et al., 2001; Brook
et al., 2002).

In the early and mid-1990’s studies by Schwartz and his colleagues (Schwartz and Dockery, 1992a, 1992b;
Schwartz and Morris, 1994, 1995) found increase in ischemic heart diseases among the elderly population
associated with PMy, exposure. Schwartz and Zanobetti (2005) also observed that PM,s and PMj, were
strongly associated with higher risk of myocardial inflammation. Al-Hurban and Al-Ostad (2009) conducted a
study on the textural and mineralogical characteristics of the dust fall out and their effect on human health in
Kuwait city. It was found that the dust comprises mostly high concentration of calcite and quartz with grain
size ranging from 1-25 pum. Inhalation of calcite particles may cause coughing, sneezing and nasal irritation
and in cases of chronic exposure to excessive oral doses of calcite may produce alkalosis and hypercalcemia.
Quartz can have potentially serious respiratory effects following long term exposure as it is declared as
carcinogenic.

Experimental data shows that redox active PM components (that are especially enriched inultrafine
PM<0.1 um) lead to the production of reactive oxygen species (ROS) in various cells in the lungs, blood and
vascular tissues. This is followed by oxidative stress, which can then lead to increased airway and systemic
inflammation, and adverse cardiovascular responses when antioxidant defences are overwhelmed (Ayres et al.,
2008; Utell et al., 2002). Oxidative stress is a biochemical imbalance in which production of ROS exceeds the
natural antioxidant capacity. This imbalance can occur in the body following exposure to pro-oxidant air
pollutants. Oxidative stress may play a central role in the respiratory and cardiovascular effects of air pollution
through its immune modulating effects and its ability to initiate the inflammatory process and thrombogenic
activity.
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5 Management or Reduction of Health Impacts Due To PM

Present part of this review discusses briefly the management options associated with PM pollution. The
persistence of air pollutants and the rapid rise in vehicle travel in recent decades have raised concerns within
the planning sector (Stone et al., 2007). Harrison and Yin (2000) in their review supported that single major or
trace component of the PM is responsible for the adverse health effects. Costa (2004) described the interaction
among PM constituents in the light of scientific and regulatory agendas. Ugwuanyi and Obi (2002) used the
environmental impact matrices of the patients versus diseases and found that pollution is already affecting the
quality of life and productivity of the people (particularly farmers) in Benue state of Nigeria. Due to extreme
health impacts of PM, proper caution should be taken in setting its air quality standards (McClellan, 2002).

Further, comprehensive understanding about the health consequences of traffic exposures is necessary for
formulating mitigation policies (Samet, 2007).Wilson et al. (2005) emphasized the need of intra-urban
assessment of exposure to PM pollution. Epidemiological meta studies for the health impacts of fine PM may
be used to predict the number of premature deaths and some morbidity impacts from prevailing ambient
concentrations (Pearce and Crowards, 1996).

Air quality modelling may be a useful approach for the management of air quality. Tchepel et al. (2007)
attempted modelling approach to estimate population exposure to benzene through inhalation and suggested
that aforesaid model may be used in combination with human biomonitoring in order to select who and where
should monitoring be done, as well as for interpretation and extrapolation of biomonitoring results. Stocker
(2000) suggested a methodology for evaluating air quality impacts on meteorological model to simulate the
meteorological conditions which correlate with prescribed fire and wildfire activity in Colorado. According to
Stocker (2000) meteorological fields are input into an air quality model which simulates transport and
secondary aerosol formation for certain pollutants. Also, air quality indices may be helpful to assess the human
health implications (Dimitriou et al., 2013).

Specific model systems may be developed in order to estimate the concentration of air pollutants to which
humans are exposed (Borrego et al., 2009). The operational air quality forecasting modelling system is
composed by the chemistry-transport model CHIMERE, forced by the MM5 meteorological fields (Monteiro
et al., 2005; Borrego et al., 2009). Oxidative and immune effects of PM pollution have been demonstrated in
several in vitro and animal models with in European projects (Sandstrom et al., 2005). Abbas et al. (2009)
extensively studied PM induced gene expression of volatile organic carbon and polyaromatic hydrocarbons
metabolozing enzymes in an in vitro coculture lung model which may be powerful tool to identify the
mechanisms by which air pollution PM induced adverse health effects.

Vegetation used to filter the PM concentration and consequently provide health benefits (Tiwary et al.,
2007). Biomonitoring with screening of potent plants may be emphasized in the regulation of air quality.
Wolterbeek and Verburg (2004) observed correlations between moss metal concentrations and epidemiological
data on health and mortality rates in The Netherlands and their data suggested that correlation studies between
biomonitoring data on metal air pollution and (epidemiological) health data may prove valuable in turning
attention to specific metal-health issues and in directing further study into possible dose-response mechanisms
in air-associated metal epidemiology. Okona-Mensah et al. (2005) described in his review regarding novel
biomonitoring approach to evaluate exposure, uptake and the role of high potency PAHs in air pollution
related lung cancer.

Education and awareness of people towards the adverse health impacts of PM pollution may be very useful
in its management. Dorevitch et al. (2008) assessed the efficacy of an outdoor air pollution programme in a
community at risk for Asthma and their findings after exhaustive survey recommended that air quality
education efforts should be further developed, evaluated, and promoted for the general public, for people with
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underlying cardiopulmonary disease, and given the documented health disparities within the general
population, for low-income and minority communities.

El-Fadel and Massoud (2000) also emphasized the need of health based economic assessment originating
due to PM pollution in urban areas. In relation to socio-economic and related components, the benefits and
costs associated with Canada-Wide Standards for PM is highly uncertain and controversial (Adamowicz et
al.,2004). Likewise, similar recommendation of costs and benefit analysis of remedial measures including an
assessment of the impact of urban air quality on human health was submitted by Mitchell et al.
(2000).Epidemiology-based exposure—response functions were used in order to assess economy of health
impacts in Sanghai, China and it was estimated that the total economic cost of health impacts due to PM
pollution in urban areas of Shanghai in 2001 was approximately 625.40 million US dollars (Kan and Chen,
2004).The health benefits of pollution reduction are compared with the investment costs for the new strategies
in Shanghai, China and the result showed benefit-to-cost ratio is in the range of 1-5 for the power-sector
initiative and 2-15 for the industrial-sector initiative (Li et al., 2004). This study by Li et al. (2004) provides
economic grounds for supporting investments in air pollution control in developing cities of Asia.

Airborne PMs are associated with increased mortality and estimates have been used to forecast the impact
on life expectancy (Coyle et al., 2003). Sultan (2007) emphasized on the role buildings, their ventilation and
filtration to evaluate the health risk from outdoor PM pollution. Modern tools like satellite remote sensing may
be applied in monitoring of PM (Gupta et al., 2006).

Therefore, in the light of abovementioned discussion, a well defined particulate pollution control policy
structure is the need of the hour in view of their adverse impacts on flora and fauna, including human beings
(Rai, 2013). Craig et al. (2008) made a guidance document in order to reflect critical science and policy
aspects of air quality risk management including i) health effects, ii) air quality emissions, measurement and
modelling, iii) air quality management interventions, and iv) clean air policy challenges and opportunities. It
was based on findings of five annual meetings of the NERAM (Network for Environmental Risk Assessment
and Management) International Colloquium Series on Air Quality Management (2001-2006) as well as
researches of international repute (Rai, 2013).

Acknowledgements

PKR wishes to acknowledge the Department of Biotechnology (DBT) vide research and Department of
Science and Technology (DST), for providing financial assistance in the form of research project (vide project
no.BT/PR-11889/BCE/08/730/2009 and SR/FTP/ES-83/2009, respectively). Thanks are due to Dr. Onkar Nath
Tiwari, Dr. Umesh Sharma and Dr. Diwakar Tiwari for their useful discussion and cooperation in this work. |
also wish to acknowledge and thanks to Professor Lalthantluanga, Vice Chancellor, Mizoram University, for
his kind inspiration to accomplish the present work.

References

Abbas et al. 2009. Air pollution particulate matter (PM,s)-induced gene expression of volatile organic
compound and/or polycyclic aromatic hydrocarbon-metabolizing enzymes in an in vitro coculture lung
model. Toxicology in Vitro, 23: 37-46

Abbey DE, Hwang BL, Burchette RL, et al. 1995. Estimated long-term ambient concentrations of PM10 and
development of respiratory symptoms in a non-smoking population. Archives of Environmental Health, 50:
139-152

IAEES WWw.iaees.org



Environmental Skeptics and Critics, 2015, 4(1): 1-26 15

Adamowicz, V, Dales R, Hale BA, et al. 2004. Report of an expert panel to review the socio-economic models
and related components supporting the development of Canada-Wide Standards (CWS) for Particulate
Matter (PM) and ozone to the Royal Society of Canada. Journal of Toxicology and Environmental Health,
Part B, 7(3): 147-266

Adar SD, Kaufman JD. 2007. Cardiovascular Disease and Air Pollutants: Evaluating and Improving
Epidemiological Data Implicating Traffic Exposure. Inhalation Toxicology, 19(1): 135-149

Alfaro-Moreno E, Martinez L, Garcia-Cuellar C, et al. 2002. Biological effects induced in vitro by PMy, from
three different zones of Mexico City. Environmental Health Perspectives, 110: 715-720

Al-Hurban A, Al-Ostad A. 2010. Textural characteristics of dust fallout and potential effect on public health in
Kuwait city and suburbs. Environmental Earth Sciences, 60: 169-181

Analitis A, Katsouyanni K, Dimakopoulou K, et al. 2006. Short-term effects of ambient particles on
cardiovascular and respiratory mortality. Epidemiology, 17: 230-233

Anwar WA. 1994. Monitoring of human populations at risk by different cytogenetic end points.
Environmental Health Perspectives, 102 (4): 131-134

Araujo JA, Barajas B, Kleinman M, et al. 2008. Ambient particulate pollutants in the ultrafine range promote
early atherosclerosis and systemic oxidative stress. Circulation Research, 102: 589-596

Armstrong TW, Zaleski RT, Konkel WJ, et al. 2002. Atired approach to assessing children’s exposure: a
review of methods and data. Toxicology Letters, 127: 111-119

Atkinson RW, Anderson HR, Sunyer J, et al. 2001. Acute effects of particulate air pollution on respiratory
admissions: Results from APHEA 2 project. Air pollution and health: a European approach. American
Journal of Respiratory and Critical Care Medicine, 164: 1860-1866

Ayres JG, Borm P, Cassee FR, et al. 2008. Evaluating the toxicity of airborne particulate matter and
nanoparticles by measuring oxidative stress potential—a workshop report and consensus statement.
Inhalation Toxicology, 20: 75-99

Bateson TF, Schwartz J. 2007. Children's Response to Air Pollutants. Journal of Toxicology and
Environmental Health Part A, 71(3): 238-243

Bealey WJ, Mcdonald AG, Nemitz E, et al. 2000. Estimating the reduction of urban PM10 concentrations by
trees within an environmental information system for planners. Journal of Environmental Management, 85:
44-58

Becker S, Mundandhara S, Devlin RB, et al. 2005. Regulation of cytokine production in human alveolar
macrophages and airway epithelial cells in response to ambient air pollution particles: Further mechanistic
studies. Toxicology and Applied Pharmacology, 207: S269-S275

Becker S, Soukup JM, Gallagher JE. 2002. Differential particulate air pollution induced oxidant stress in
human granulocytes, monocytes and alveolar macrophages. Toxicology in Vitro, 16: 209-218

Beckett KP, Freer-Smith PH, Taylor G. 1998. Urban woodlands: Their role in reducing the effects of
particulate. Environmental Pollution, 99: 347-360

Beg MU. 1999. An overview of toxic response of urban dust. In: Proceedings of the international conference
pollution. Environmental Pollution, 99: 347-360

Bener A, Kamal M, Shanks J. 2007. Impact of asthma and air pollution on school attendance of primary
school children: Are they at increased risk of school absenteeism? Journal of Asthma, 44(4): 249-252

Bhattacharjee A, Mandal Roy, Chini KT. 2010. A preliminary study on the nature of particulate matters in
vehicle fuel wastes. Environmental Monitoring and Assessment (DOI 10.1007/S10661-010-1598-X)

Billet et al. 2008. Genotoxic potential of polycyclic aromatic hydrocarbons-coated onto airborne Particulate
Matter (PM2.5) in human lung epithelial A549 cells. Cancer Letters, 270: 144-155

IAEES WWw.iaees.org



16 Environmental Skeptics and Critics, 2015, 4(1): 1-26

Borja-Aburto VH, Castillejos M, Gold DR, et al. 1998. Mortality and ambient fine particles in southwest
Mexico city, 1993-1995. Environmental Health Perspectives, 106: 849-855

BormPJ, Schins RP, Albrecht C. 2004. Inhaled particles and lung cancer, part B: paradigms and risk
assessment. International Jounal of Cancer, 110: 3-14

Borrego C, Monteiro E, Ferreira J, et al. 2009. Forecasting human exposure to atmospheric pollutants in
Portugal — A modelling approach. Atmospheric Environment, 43: 5796-5806

Bouchard M, Viau C. 1999. Urinary 1-hydroxypyrene as a biomarker to polycyclic aromatic hydrocarbons:
biological monitoring strategies and methodology for determining biological exposure indices for various
work environments. Biomarkers, 4: 139-87

Breton CV, Byun HM, Wang X, et al. 2011a. PM2.5 is associated with DNA methylation in inducible nitric
oxide synthase. American Thoracic Society International Conference. USA

Brook RD, Franklin B, Cascio W, et al. 2004. Air pollution and cardiovascular diseasea statement for
healthcare professionals from the expert panel on population and prevention science of the American Heart
Association. Circulation, 109(21): 2655-2671

Brook RD, Brook JR, Urch B, et al. 2002. Inhalation of fine particulate air pollution and ozone causes acute
arterial vasoconstriction in healthy adults. Circulation, 105: 1534-1536

Cacciola RR, Sarva M, Polosa R. 2002. Adverse respiratory effects and allergic susceptibility in relation to
particulate air pollution: Flirting with disaster. Allergy, 57: 281-286

Calcabrini et al. 2004. Fine environmental particulate engenders alterations in human lung epithelial A549
cells. Environmental Research, 95: 82-91

Calderon-Garciduenas L, Reed W, Maronpot RR, et al. 2004. Brain inflammation and Alzheimer’s-like
pathology in individuals exposed to severe air pollution. Toxicologic Pathology, 32: 650-658

Campbell et al. 2006. Particulate Matter in polluted air may increase biomarkers of inflammation in mouse
brain. Neurotoxicology, 26: 133-140

Carere et al. 2002. Biomonitoring of exposure to urban air pollutants: analysis of sister chromatid exchanges
and DNA lesions in peripheral lymphocytes of traffic policemen. Mutation Research, 518: 215-224

Cavanagh JE, Brown L, Trought K, et al. 2007. Elevated concentrations of 1-hydroxypyrene in schoolchildren
during winter in Christchurch, New Zealand. Science of the Total Environment, 374: 51-59

Chandrasekaran R, Samy PL, Murthy PB. 1996. Increased sister chromatid exchange (SCE) frequencies in
lymphocytes from traffic policemen exposed to automobile exhaust pollution. Human Experimental
Toxicology, 15: 301-304

Chen B, Hong C, Kan H. 2004. Exposures and health outcomes from outdoor air pollutants in China.
Toxicology 198: 291-300

Christophe M, Blandine J, Emmanuel N. 1997. Measurement of trace metals in wet, dry and total atmospheric
fluxes over the Ligurian Sea. Atmospheric Environment, 6: 889-896

Ciencewicki J, Jaspers I. 2007. Air pollution and respiratory viral infection. Inhalation Toxicology, 19(14)
1135-1146

Claxton LD, Woodall GMJr. 2007. A review of the mutagenicity and rodent carcinogenicity of ambient air.
Mutation Research/Reviews in Mutation Research, 636(1-3): 36-94

Claxton LD, Matthews PP, Warren SS. 2004. The genotoxicity of ambient outdoor air: a review: Salmonella
mutagenicity. Mutation Research, 567: 347-399

Cohen AJ, Anderson HR, Ostro B, et al. 2005. The global burden of disease due to outdoor air pollution.
Journal of Toxicology and Environmental Health, Part A, Current Issues, 68(13-14): 1301-1307

IAEES WWw.iaees.org



Environmental Skeptics and Critics, 2015, 4(1): 1-26 17

Coronas et al. 2009. Genetic biomonitoring of an urban population exposed to mutagenic airborne pollutants.
Environment International, 35(7): 1023-1029

Costa DL. 2004. Issues that must be addressed for risk assessment of mixed exposures: The U.S. EPA
experience with air quality. Journal of Toxicology and Environmental Health, Part A, 67(3): 195-207

Coyle D, Stieb D, Burnett R, et al. 2003. Impact of particulate air pollution on quality-adjusted life expectancy
in Canada. Journal of Toxicology and Environmental Health, Part A, 66(19): 1847-1864

Craig L, Brook JR, Chiotti Q, et al. 2008. Air pollution and public health: A guidance document for risk
managers. Journal of Toxicology and Environmental Health, Part A, 71(9-10): 588-698

Curtis L, Rea W, Smith-Willis P, et al. 2006. Adverse health effects of outdoor pollutants. Environment
International, 32: 815-830

Dagher Z, et al. 2006. Activation of different pathways of apoptosis by air pollution particulate matter (PM,s)
in human epithelial lung cells (L132) in culture. Toxicology, 225: 12-24

David Diaz-Sanchez, Lidia P, Riccardo, P. 2003. Current allergy and asthma reports. Current Science, 3:146-
152

Delfino RJ, Staimer N, Tjoa T, et al. 2008. Circulating biomarkers of inflammation, antioxidant activity, and
platelet activation are associated with primary combustion aerosolsin subjects with coronary artery disease.
Environmental Health Perspectives, 116(7): 898-906

DeMeo DL, Zanobetti A, Litonjua AA, et al. 2004. Ambient air pollution and oxygen saturation. American
Journal Respiratory and Critical Care Medicine, 170: 383-387

Dimitriou K, Kassomenos PA, Paschalidou AK. 2013. Assessing the relative risk of daily mortality associated
with short term exposure to air pollutants in the European Union through air quality indices. Ecological
Indicators, 27: 108-115

Dockery DW, Cunningham J, Damokosh Al, et al. 1996. Health effects of acid aerosols on North American
children: Respiratory Symptoms. Environmental Health Perspectives, 104: 500-505

Dockery DW, Pope CA, Xu X, et al. 1993. An association between air pollution and mortality in six US cities.
New England Journal of Medicine, 329: 1753-1759

Dockery DW, Speizer FE, Stram DO, et al. 1989. Effects of inhalable particles on respiratory health of
children. American Review of Respiratory Disease, 139: 587-594

Dominici F, McDermott A, Zeger SL, et al. 2003. Airborne particulate matter and mortality: Timescale effects
in four U.S. cities. American Journal of Epidemiology, 157: 1055-1065

Donaldson K, Stone V, Gilmour PS, et al. 2000. Ultrafine particles: Mechanisms of lung injury. Philosophy
Transactions of the Royal Society of London, A358: 2741-2749

Dorevitch S, Karandikar A, Washington GF, et al. 2008. Efficacy of an outdoor air pollution education
program in a community at risk for asthma morbidity. Journal of Asthma, 45(9): 839-844

Driscoll KE, Carter JM, Hassenbein DG, et al. 1997b. Cytokines and particle-induced inflammatory cell
recruitment. Environmental Health Perspectives. 105: 1159-1164.

El-Fadel M, Massoud M. 2000. Particulate matter in urban areas: health-based economic assessment. The
Science of the Total Environment, 257: 133-146

Environmental Protection Agency (US). 1996. Air Quality Criteria for Particulate Matter. Research Triangle
Park, N.C.: Office of Research and Development, Office of Health and Environmental Assessment. EPA
report no. EPA/600/P-95/001aF, USA

Environmental Protection Agency (US). 1997. Regulatory Impact Analysis for the Particulate Matter and
Ozone.National Ambient Air Quality Standards and ProposedRegional Haze Rule. Research Triangle Park,
N.C.: Innovative Strategies and Economics Group, Office of Air Quality Planning and Standards, USA

IAEES WWw.iaees.org



18 Environmental Skeptics and Critics, 2015, 4(1): 1-26

Faiz Y, Tufail M, Javed MT, et al. 2009. Road dust pollution of Cd, Cu, Ni, Pb and Zn along Islamabad
Expressway. Pakistan.Microchemical Journal, 92: 186-192

Fang GC, Wu YS, Huang SH. 2005. Review of atmospheric metallic elements in Asia during 2000-2004.
Atmospheric Environment, 39(17): 3003-3013

Ferreira-Baptista L, DeMiguel E. 2005. Geochemistry and risk assessment of street dust in Luanda, Angola: a
tropical urban environment. Atmospheric Environment, 39: 4501-4512

Florida-James G, Donaldson K, Stone V. 2004. Athens 2004: the pollution climate and athletic performance.
Journal of Sports Sciences, 22(10): 967-980

Frampton MW. 2001. Systematic and cardiovascular effects of airway injury and inflammation: Ultrafine
particle exposure in humans. Environmental Health Perspectives, 109: 529-532

Gammon MD,Santella RM. 2008. PAH, genetic susceptibility and breast cancer risk: An update from the Long
Island Breast Cancer Study Project. European Journal of Cancer, 44(5): 636-640

Ghio AJ, Huang YT. 2004. Exposure to concentrated ambient particles (CAPs): a review. Inhalation
Toxicology, 16: 53-59

Ghio AJ, Kim C, Devlin RB. 2000. Concentrated ambient air particles induce mild pulmonary inflammation in
healthy human volunteers. American Journal of Respiratory and Critical Care Medicine, 162: 981-988

Ghose MK, Paul R, Banerjee SK. 2005. Assessment of the impact on human health of exposure to urban air
pollutants: an Indian case study. International Journal of Environmental Studies, 62(2): 201-214

Gold DR, Litonjua A, Schwartz J, et al. 2000. Ambient pollution and heart rate variability. Circulation, 101:
1267-1273

Gong H Jr, Linn WS, Clark KW, et al. 2005. Respiratory responses to exposures with fine particulates and
nitrogen dioxide in the elderly with and without COPD. Inhalation Toxicology, 17: 123-132

Gong KW, Zhao W, Li N, et al. 2007. Air-pollutant chemicals and oxidized lipids exhibit genome-wide
synergistic effects on endothelial cells. Genome Biology, 8: R149

Grahame TJ, Schlesinger RB. 2007. Health effects of airborne particulate matter: do we know enough to
consider regulating specific particle types or sources? Inhalation Toxicology, 19: 457-481

Grant WF. 1998. Higher plant assays for the detection of genotoxicity in air polluted environments. Ecosystem
Health 4: 210-229

Gupta P, et al. 2006. Satellite remote sensing of particulate matter and air quality assessment over global cities.
Atmospheric Environment, 40: 5880-5892

Haddad JJ. 2004. Redox and oxidant-mediated regulation of apoptosis signaling pathways: immuno-
pharmaco-redox conception of oxidative siege versus cell death commitment. International
Immunopharmacology, 4: 475-493

Hamoda MF. 2006. Air pollutants emissions from waste treatment and disposal facilities. Journal of
Environmental Science and Health, Part A, 41(1): 77-85

Hansard R, Maher BA, Kinnersley R. 2011. Biomagnetic monitoring of industry-derived particulate pollution.
Environmental Pollution, 159: 1673-1681

Harrison RM, Yin J. 2000. Particulate matter in the atmosphere: which particle properties are important for its
effects on health? The Science of the Total Environment, 249: 85-101

Hellman B, Friis L, Vaghef H, et al. 1999. Alkaline single cell gel electrophoresis and human biomonitoring
for genotoxicity: a study on subjects with residential exposure to radon. Mutation Research, 442: 121-132

Hetland RB, Cassee FR, Refsnes M, et al. 2004. Release of inflammatory cytokines, cell toxicity and apoptosis
in epithelial lung cells after exposure to ambient air particles of different size fractions. Toxicology in
Vitro, 18: 203-212

IAEES WWw.iaees.org



Environmental Skeptics and Critics, 2015, 4(1): 1-26 19

Hicken MT et al. 2014. Fine particulate matter air pollution and blood pressure: The modifying role of
psychosaocial stress. Environmental Research, 133: 195-203

Hinds WC. 1999. Aerosol Technology: Properties, Behavior, and Measurements of Airborne Particles. Wiley,
New York, USA

Hoek G, Dockery DW, Pope CA I, et al. 1998. Association between PM10 and decrements in peak
expiratory flow rates in children: reanalysis of data from 5 panel studies. European Respiratory Journal, 11:
1307-1311

Horaginamani MS, Ravichandran M. 2010. Ambient air quality in an urban area and its effects on plants and
human beings: a case study oftiruchirappalli, India. Journal of Science, Engineering and Technology, 6(11):
13-19

Hornberg C, MaciuleviciuteL, Seemayer NH, et al. 1998. Induction of sister chromatid exchanges (SCE) in
human tracheal epithelial cells by the fractions PM-10 and PM-2.5 of airborne particulates. Toxicology
Letters, 96(97): 215-220

Huttner E, Gotze A, Nikolova T. 1999. Chromosomal aberrations in humans as genetic endpoints to assess the
impact of pollution. Mutation Research, 445: 251-257

International Agency for Research on Cancer. 1983. Evaluation of Carcinogenic Risk of Chemicals to Humans.
Polycyclic Aromatic Compounds, Part 1.Chemical, Environmental and Experimental Data. Monograph No.
32, IARC, Lyon, France

International Agency for Research on Cancer. 1987. Evaluation of Carcinogenic Risk to Humans. Overall
Evaluations of Carcinogenicity: An Updating of IARC. Monographs Volumes 1-42, Suppl. 7, IARC, Lyon,
France

International Agency for Research on Cancer. 1989.Evaluation of Carcinogenic Risk of Chemicals to Humans,
Diesel and Gasoline Engine Exhausts and Some Nitroarenes. Monograph No. 46, IARC, Lyon, France

Jahn HJ et al. 2011. Particulate matter pollution in the megacities of the Pearl River Delta, China — A
systematic literature review and health risk assessment. International Journal of Hygiene and
Environmental Health, 214(4): 281-295

Johnson FM. 1998. The genetic effects of environmental lead. Mutation Research/Reviews in Mutation
Research, 410(2): 123-140

Jonganeelen FJ, van Leeuwen FE, Oosterink S, et al. 1990. Ambient and biological monitoring of cokeoven
workers: determinants of the internal dose of polycyclic aromatic hydrocarbons. British Journal of
Industrial Medicine, 4: 454-61

Kan H, Chen B. 2004. Particulate air pollution in urban areas of Shanghai, China: health based economic
assessment. Science of the Total Environment, 322: 71-79

Kasai H. 1997. Analysis of a form of oxidative DNA damage, 8- hydroxy-20-deoxyguanosine, as a marker of
cellular oxidative stress during carcinogenesis. Mutation Research, 387: 147-163

Katsouyanni K, Touloumi G, Samoli E et al. 2001. Confounding and effect modification in the short-term
effects of ambient particles on total mortality: results from 29 European cities within the APHEAZ2 project.
Epidemiology, 12: 521-531

Kim K, Kabir E, Kabir S. 2015. A review on the human health impact of airborne particulate matter.
Environment International, 74: 136-143

Knaapen AM, Borm PJ, Albrecht C, Schins, RP. 2004. Inhaled particles and lung cancer. Part A: mechanisms.
International Journal of Cancer, 109: 799-809

Knox EG. 2006. Roads, railways and childhood cancers. Journal of Epidemiology and Community Health, 60:
136-141

IAEES WWw.iaees.org



20 Environmental Skeptics and Critics, 2015, 4(1): 1-26

Knutsen S, Shavlik D, Chen LH, et al. 2004. The association between ambient particulate air pollution levels
and risk of cardiopulmonary and all-cause mortality during 22 years follow-up of a non-smoking cohort.
Results from the AHSMOG study. Epidemiology, 15: S45

Kodavanti UP, Schladweiler MC, Ledbetter AD, et al. 2002. Temporal association between pulmonary and
systemic effects of particulate matter in healthy and cardiovascular compromised rats. Journal of
Toxicology and Environmental Health A, 65: 1545-1569

Kunzli N, Jerret M, Mack WJ, et al. 2005. Ambient air pollution and atherosclerosis in Los Angeles.
Environmental Health Perspectives, 113: 201-206

Kunzli N, Kaiser R, Medina S, et al. 2000. Public-health impact of outdoor and traffic-related air pollution: A
European assessment. The Lancet, 356(9232): 795-801

Lave LB, Seskin E.P. 1977. Air Pollution and Human Health. Baltimore: Johns Hopkins University Press,
USA

Lazutka et al. 1999. Chromosomal aberrations and sister-chromatid exchanges in Lithuanian populations:
effects of occupational and environmental exposures. Mutation Research/Genetic Toxicology and
Environmental Mutagenesis, 445(2): 225-239

Le Tertre A, Medina S, Samoli E, et al. 2002. Short-term effects of particulate air pollution on cardiovascular
diseases in eight European cities. Journal Epidemiology and Community Health, 56: 773-779

Lester BL, Seskin EP. 1970. Air pollution and human health. American Association for the Advancement of
Science, 169: 723-733

LeTertre A, Medina S, Samoli E, et al. 2002. Short-term effects of particulate air pollution on cardiovascular
diseases in eight European cities. Journal of Epidemiology and Community Health, 56: 773-779

Levy JI, Hammitt JK, Spengler JD. 2000. Estimating the mortality impacts of particulate matter: what can be
learned from between-study variability? Environmental Health Perspective, 108: 109-117

Lewtas J. 2007. Air pollution combustion emissions: Characterization of causative agents and mechanisms
associated with cancer, reproductive, and cardiovascular effects. Mutation Research/Reviews in Mutation
Research, 636(1-3): 95-133

Li J, et al. 2004. Quantifying the human health benefits of curbing air pollution in Shanghai. Journal of
Environmental Management, 70: 49-62

Li N, Sioutas C, Cho A, et al. 2003. Ultrafine particulate pollutants induce oxidative stress and mitochondrial
damage. Environmental Health Perspectives, 111: 455-460

Liao D, Creason J, Shy C, et al. 1999. Daily variation of particulate air pollution and poor cardiac autonomic
control in the elderly. Environmental Health Perspectives, 107: 521-525

Liao D, Duan Y, Whitsel EA, et al. 2004. Association of higher levels of ambient criteria pollutants with
impaired cardiac autonomic control: a population-based study. American Journal of Epidemiology, 159:
768-777

Lin CA, Pereira LA, Conceicao GMS, et al. 2003. Association between air pollution and ischemic
cardiovascular emergency room visits. Environmental Research, 92: 57-63

Lipfert FW. 1978. The Association of Human Mortality with Air Pollution: Statistical Analyses by Region, by
Age, and by Cause of Death. Eureka Publications, Mantua, New Jersey, USA

Lipmann M. 2007. Health effects of airborne particulate matter. New England Journal of Medicine, 357(23):
2395-2397

Longo BM, Rossignol A, Green JB. 2008. Cardiorespiratory health effects associated with sulphurous volcanic
air pollution. Public Health, 122: 809-820

IAEES WWw.iaees.org



Environmental Skeptics and Critics, 2015, 4(1): 1-26 21

Ma TH, Cabrera GL, Chen R, et al. 1994. Tradescantia micronucleus bioassay. Mutation Research, 310: 221-
230

Maher BA. 2009. Rain and dust: Magnetic records of climate and pollution. Elements, 5: 229-234

Maher BA, Mooreb C, Matzka J. 2008. Spatial variation in vehicle-derived metal pollution identified by
magnetic and elemental analysis of roadside tree leaves. Atmospheric Environment, 42: 364-373

Maier KL, Alessandrini F, Beck-Speier I, et al. 2008. Health effects of ambient particulate matter — biological
mechanisms and inflammatory responses to in vitroand in vivo particle exposures. Inhalation Toxicology,
20: 319-337

McClellan RO. 2002. Setting ambient air quality standards for particulate matter. Toxicology, 181-182: 329-
347

Michalska J, Motykiewicz G, Pendzich J, et al. 1999. Measurement of cytogenetic endpoints in women
environmentally exposed to air pollution. Mutation Research, 445: 139-145

Migliaretti G, Cadum E, Migliore E, et al. 2005. Traffic air pollution and hospital admission for asthma: A
case-control approach in a Turin (Italy) population. International Archieves of Occupational
Environmental Health, 78: 164-169

Mitchell G, Namdeo A, Kay D. 2000. A new disease-burden method for estimating the impact of outdoor air
quality on human health. The Science of the Total Environment, 246: 153-163

Mitchell R, Maher B, Kinnersley R. 2010. Rates of particulate pollution deposition onto leaf surfaces:
temporal and inter-species magnetic analyses. Environmental Pollution 158(5): 1472-1478

Moller P, et al. 2008.Air pollution, oxidative damage to DNA, and carcinogenesis. Cancer Letters, 266: 84-97

Monteiro A, Vautard R, LopesM, et al. 2005. Air pollution forecast in Portugal: a demand from the new air
quality framework directive. International Journal of Environment and Pollution, 25(2): 4-15

Morris WA, Versteeg JK, Bryant DW, et al. 1995. Preliminary comparisons between mutagenicity and
magnetic susceptibility of respirable airborne particulate. Atmospheric Environment, 29: 3441-3450

Moshammer H, Hutter HP, Hauck H, et al. 2006. Low levels of air pollution induce changes of lung function
in a panel of school children. European Respiratory Journal. 27: 1138-1143

Muzyka V, Veimer S, Schmidt N. 1998. On the carcinogenic risk evaluation of diesel exhaust: Benzene in
airborne particles and alterations of heme metabolism in lymphocytes as markers of exposure. The Science
of the Total Environment, 217: 103-111

NEPC. 1998. Ambient Air Quality: National Environment Protection Measure for Ambient Air Quality.
National Environment Protection Council Service Corporation, Adelaide, Australia

Nielsen PS, Andreassen A, Farmer PB, et al. 1996a. Biomonitoring of diesel exhaust-exposed workers. DNA
and haemoglobin adducts and urinary OHP as markers of exposure. Toxicology Letters, 86: 27-37

Nielsen PS, de Pater N, Okkels H, et al. 1996b. Environmental air pollution and DNA adducts in Copenhagen
bus drivers—effect of GSTM1 and NAT2 genotypes on adduct levels. Carcinogenesis, 17: 1021-1027

Oberdorster G. 2000. Toxicology of ultrafine particles: in vivo studies. Philosophical Transactions of the
Royal Society of London, A358: 2719-2740

Oberdorster G, Oberorster E, Oberdorster J. 2005. Nanotoxicology: an emerging discipline evolving from
studies of ultrafine particles. Environmental Health Perspectives, 113: 823-839

Okona-Mensah KB, Battershill J, Boobis A, et al. 2005.An approach to investigating the importance of high
potency polycyclic aromatic hydrocarbons (PAHS) in the induction of lung cancer by air pollution. Food
and Chemical Toxicology, 43: 1103-1116

Ostro B, et al. 1995. Air pollution and mortality: Results from Santiago, Chile. Policy Research Department,
Working Paper 1453. World Bank, Washington DC, USA

IAEES WWw.iaees.org



22 Environmental Skeptics and Critics, 2015, 4(1): 1-26

Pandey SK, Tripathi BD, Mishra VK, et al. 2006. Size fractionated speciation of nitrate and sulfate aerosols in
a sub-tropical industrial environment. Chemosphere, 63: 49-57

Pandey SK, Tripathi BD, Prajapati SK, et al. 2005. Magnetic properties of vehicles derived particulates and
amelioration by Ficusinfectoria: a Keystone species. Ambio, 35: 645-647

Park SK, O’Neill MS, Vokonas PS, et al. 2005. Effects of air pollution on heart rate variability: the VA
Normative Aging Study. Environmental Health Perspectives, 113: 304-309

Pascal M, et al., 2014. Short-term impacts of particulate matter (PMyo, PM1o_25, PM2s) on mortality in nine
French cities. Atmospheric Environment, 95: 175-184

Pearce D, Crowards T. 1996. Particulate matter and human health in the United Kingdom. Energy Policy,
24(7): 609-619

Peden DB. 2001. Air pollution in asthma: effect of pollutants on airway inflammation. Ann Allergy Asthma
and Immunology, 87: 12-17

Pedersen M, et al. 2006. Cytogenetic effects in children and mothers exposed to air pollution assessed by the
frequency of micronuclei and fluorescence in situ hybridization (FISH): A family pilot study in the Czech
Republic. Mutation Research, 608: 112-120

Peng RD, DominiciF, Pastor-Barriuso R, et al. 2005. Seasonal analyses of air pollution and mortality in 100
US cities. American Journal of Epidemiology, 161: 585-594

Penttinen P, Timonen KL, Tiittanen P, et al. 2001. Ultrafine particles in urban air and respiratory health among
adult asthmatics. European Respiratory Journal, 17: 428-435

Pereira CEL, et al. 2007. Ambient particulate air pollution from vehicles promotes lipid peroxidation and
inflammatory responses in rat lung. Brazilian Journal Medical Biological Research, 40: 1353-1359

Peters A, Dockery DW, Muller JE, et al. 2001. Increased particulate air pollution and the triggering of
myocardial infarction. Circulation, 103: 2810-2815

Peters A, Doring A, Wichmann HE, et al. 1997. Increased plasma viscosity during an air pollution episode: a
link to mortality? The Lancet, 349: 1582-1587

Peters A, FrohlichM, Doring A, et al. 2001. Particulate air pollution is associated with an acute phase response
in men: results from the MONICA-Augsberg study. European Heart Journal, 22: 1198-1204

Peters JM, Avol E, Navidi W, et al. 1999. A study of twelve Southern California communities with differing
levels and types of air pollution. I: Prevalence of respiratory morbidity. American Journalof Respiratory
and Critical Care Medicine, 159: 760-767

Polichetti et al. 2009.Effects of particulate matter (PM10, PM2.5 and PM1) on the cardiovascular system.
Toxicology, 261: 1-8

Pope Il CA, Burnett RT, Thun MJ, et al. 2002. Lung cancer, cardiopulmonary mortality and long-term
exposure to fine particulate air pollution. Journal of American Medical Association, 287: 1132-1141

Pope Il1, C.A., Muhlestein JB, et al. 2006.Ischemic Heart Disease Events Triggered by Short-Term Exposure
to Fine Particulate Air Pollution.Journal of the American heart Association 114, 2443-2448

Pope Il CA, Burnett RT, ThurstonGD, et al. 2004. Cardiovascular mortality and long-term exposure to
particulate air pollution: epidemiological evidence of general pathophysiological pathways of disease.
Journal of the American heart Association, 109: 71-77

Pope 111 CA, Verrier RL, Lovett EG, et al. 1999. Heart rate variability associated with particulate air pollution.
American Heart Journal, 138: 890-899

Pope 111 CA. 2000. Epidemiology of fine particulate air pollution and human health: biologic mechanisms and
who's at risk? Environmental Health Perspectives, 108(4): 713-723

IAEES WWw.iaees.org



Environmental Skeptics and Critics, 2015, 4(1): 1-26 23

Pope CA, Hansen ML, Long RW, et al. 2004. Ambient particulate air pollution, heart rate variability, and
blood markers of inflammation in a panel of elderly subjects. Environmental Health Perspectives, 112:
339-345

Portney PR, Mullahy J. 1990. Urban air quality and chronic respiratory disease. Regional Science and Urban
Economics, 20: 407-418

Poykid R. 2002. Assessing industrial pollution by means of environmental samples in the Kemi-Tornio region.
Acta Universitatis Ouluensis, A393

Prajapati SK, Tripathi BD. 2008a. Anticipated performance index of some tree species considered for green
belt development in and around an urban area: a case study of Varanasi City, India. Journal of
Environmental Management, 88(4): 1343-1349

Prajapati SK, Tripathi BD. 2008b. Biomonitoring seasonal variation of urban air Polycyclic Aromatic
Hydrocarbons (PAHSs) using Ficusbenghalensis leaves. Environmental Pollution, 151: 543-548

Prajapati SK, Tripathi BD. 2007. Biomonitoring trace-element levels in PM10 released from vehicles using
leaves of Saracaindica and Lantanacamara. Ambio, 36(8): 704-705

Rai PK, Panda LS. 2014. Dust capturing potential and air pollution tolerance index (APTI) of some road side
tree vegetation in Aizawl, Mizoram, India: an Indo-Burma hot spot region. Air Quality, Atmospheric,and
Health, 7(1): 193-101

Rai PK. 2011a. Dust deposition capacity of certain roadside plants in Aizawl, Mizoram: Implications for
environmental geomagnetic studies. In: Recent Advances in Civil Engineering (Dwivedi et al., eds). 66-73

Rai PK. 2011b. Biomonitoring of particulates through magnetic properties of road-side plant leaves. In:
Advances in Environmental Chemistry (Tiwari, ed).34-37, Excel India Publishers, New Delhi, India

Rai PK. 2013. Environmental magnetic studies of particulates with special reference to biomagnetic
monitoring using roadside plant leaves. Atmospheric Environment, 72: 113-129

Rai PK, Chutia BM, Patil SK. 2014. Monitoring of spatial variations of particulate matter (PM) pollution
through bio-magnetic aspects of roadside plant leaves in an Indo-Burma hot spot region. Urban Forestry &
Urban Greening (Available online 7 June 2014)

Rajput M, Agrawal M. 2005. Biomonitoring of air pollution in a seasonally dry tropical suburban area using
wheat transplants. Environmental Monitoringand Assessment, 101: 39-53

Risom L, Mgller P, Loft S. 2005. Oxidative stress-induced DNA damage by particulate air pollution. Mutation
Research, 592: 119-137

Rizzio E, Giaveri G, Arginelli D, et al. 1999. Trace elements total content and particle sizes distribution in the
air particulate matter of a rural-residential area in the north Italy investigated by instrumental neutron
activation analysis. Science of the Total Environment, 226: 47-56

Robert D, Brook J, Brook R, et al. 2003. Air Pollution: The “Heart “of the Problem. Current Hypertension
Reports. Current Science, 5: 32-39

Rohr CA, Wyzga RE, 2012.Attributing health effects to individual particulate matter constituents.
Atmospheric Environment, 62; 130-152

Rucker R, Ibald-Mulli A, Koenig W, et al. 2006. Air pollution and markers of inflammation and coagulation in
patients with coronary heart disease. American Journal of Respiratory and Critical Care Medicine, 173:
432-441

Saint-Georges F, et al. 2009. Role of air pollution Particulate Matter (PM,s) in the occurrence of loss of
heterozygosity in multiple critical regions of 3p chromosome in human epithelial lung cells (L132).
Toxicology Letters, 187: 172-179

IAEES WWw.iaees.org



24 Environmental Skeptics and Critics, 2015, 4(1): 1-26

Saldiva PH, Clarke RW, Coull BA, et al. 2002. Lung inflammation induced by concentrated ambient air
particles is related to particle composition. American Journal of Respiratory and Critical Care Medicine,
165: 1610-1617

Salvi S, Blomberg A, Rudell B, et al. 1999. Acute inflammatory responses in the airways and peripheral blood
after short-term exposure to diesel exhaust in healthy human volunteers. American Journal of Respiratory
and Critical Care Medicine, 159: 702-709

Salvi SS, Nordenhall C, Blomberg A, et al. 2000. Acute exposure to diesel exhaust increases I1L-8 and GRO-_
production in healthy human airways. American Journal of Respiratory and Critical Care Medicine, 161:
550-557

Samet JM,Dominici F, Curriero FC, et al. 2000a. Fine particulate air pollution and mortality in 20 U.S. cities,
1987-1994. New England Journal of Medicine, 343(24): 1742-1749

Samet JM, Zeger SL, Dominici F, et al. 2000b. The National Morbidity, Mortality, and Air Pollution Study.
Part Il: Morbidity and mortality from air pollution in the United States. Research Report(Health Effects
Institute), 94(2): 5-70

Samet J, Krewski D. 2007. Health effects associated with exposure to ambient air pollution. Journal of
Toxicology and Environmental Health, Part A, 70(3): 227-242

Samet JM. 2007. Traffic, Air Pollution, and Health. Inhalation Toxicology, 19(12): 1021-1027

Sandstrom T, Cassee FR, Salonen R, et al. 2005. Recent outcomes in European multicentre projects on
ambient particulate air pollution. Toxicology and Applied Pharmacology, 207: S261-S268

Saragnese F,Lanci L, Lanza R. 2011. Nanometric-sized atmospheric particulate studied by magnetic analyses.
Atmospheric Environment, 45: 450-459

Scheepers et al. 2002. Biomarkers for Occupational Diesel exhaust Exposure Monitoring (BIOMODEM)—a
study in underground mining. Toxicology Letters, 134: 305-317

Schins RP, Lightbody JH, Borm PJ, et al. 2004. Inflammatory effects of coarse and fine particulate matter in
relation to chemical and biological constituents. Toxicology and Applied Pharmacology, 195: 1-11

Schoket B. 1999. DNA damage in humans exposed to environmental and dietary polycyclic aromatic
hydrocarbons. Mutation Research, 424: 143-153

Schwart J, Zanobetti A. 2005. The Effect of Particulate Air Pollution on Emergency Admissions for
Myocardial Infarction: A Multicity Case-Crossover Analysis. Environmental Health Perspectives, 113(8)

Schwartz J. 1993. Particulate air pollution and chronic respiratory disease. Environmental Research, 62: 7-13

Schwartz J. 1996. Air pollution and hospital admissions for respiratory disease. Epidemiology, 7: 20-28

Schwartz J, Dockery DW. 1992. Increased Mortality in Philadelphia Associated with Daily Air Pollution
Concentrations. The American Review of Respiratory Disease, 145: 600-604

Schwartz J, Dockery DW. 1992. Particulate air pollution and daily mortality in Steubenville, Ohio. American
Journal of Epidemiology, 135: 12-19

Schwartz J, Dockery DW, Neas LM. 1996. Is daily mortality associated specifically with fine particles?
Journal ofthe Air and Waste Management Association, 46: 927-939

Schwartz J, Morris R. 1995. Air pollution and hospital admissions for cardiovascular disease in Detroit,
Michigan; American Journal Epidemiology, 142: 23-35

Schwartz J, Park SK, O’Neill MS, et al. 2005. Glutathione-S-transferase M1, obesity, statins, and autonomic
effects of particles. American Journal of Respiratoryand Critical Care Medicine, 172: 1529-1533

Seaton A, MacNee W, Donaldson K, et al. 1995.Particulate air pollution and acute health effects. The Lancet,
345(8943): 176-178

IAEES WWw.iaees.org



Environmental Skeptics and Critics, 2015, 4(1): 1-26 25

Shukla A, Timblin C, BeruBe K, et al. 2000. Inhaled particulate matter causes expression of nuclear factor
(NF)-kB-related genes and oxidant-dependent NF-kB activation in vitro. American Journal of Respiratory
Cell and Molecular Biology, 23: 182-187

Stenfors N, Nordenhall C, Salvi SS, et al. 2004. Different airway inflammatory responses in asthmatic and
healthy humans exposed to diesel. European Respiratory Journal, 23: 82-86

Stocker RA. 2000. Chapter13. Methodology for determining wildfire and prescribed fire air quality impacts on
areas in the Western United States. Journal of Sustainable Forestry, 11(1): 311-328

Stone Jr B, Mednick AC, Holloway T, et al. 2007. Is compact growth good for air quality? Journal of the
American Planning Association, 73: 404-418

Sul D, Oh E, Im H, et al. 2003. DNA damage in T- and B-lymphocytes and granulocytes in emission
inspection and incineration workers exposed to polycyclic aromatic hydrocarbons. Mutation
Research/Genetic toxicology and Environmental Mutagenesis, 538(1-2): 109-119

Sultan ZM. 2007. Estimates of associated outdoor particulate matter health risk and costs reductions from
alternative building, ventilation and filtration scenarios. Science of the Total Environment, 377: 1-11

Sun HL, Chou MC, Lue KH. 2006. The relationship of air pollution to ED visits for asthma differ between
children and adults. American Journalof Emergency Medicine, 24: 709-713

Suwa et al. 2002. Particulate air pollution induces progression of atherosclerosis. Journal of the American
College of Cardiology, 39(6): 935-942

Tan WC, Qiu D, Liam BL, et al. 2000. The human bone marrow response to acute air pollution caused by
forest fires. American Journal of Respiratory and Critical Care Medicine, 161: 1213-1217

TanerS, Pekey B, Pekey H. 2013. Fine particulate matter in the indoor air of barbeque restaurants: Elemental
compositions, sources and health risks. Science of the Total Environment, 454-455: 79-87

Tarantini L, Bonzini M, Apostoli P, et al. 2009. Effects of particulate matter on genomic DNA methylation
content and iNOS promoter methylation. Environmental Health Perspectives, 117(2): 217-222

TchepelO, Penedo A, Gomes M. 2007. Assessment of population exposure to air pollution by benzene.
International Journal of Hygieneand Environmental Health, 210: 407-410

Theophanides M, Anastassopoulou J, Vasilakos C, et al. 2007. Mortality and pollution in several greek cities.
Journal of Environmental Science and Health, Part A, 42(6): 741-746

Tiwary A et al. 2007. An integrated tool to assess the role of new planting in PMy, capture and the human
health benefits: A case study in London. Environmental Pollution, 157: 2645-2653

Ugwuanyi JU, Obi FC. 2002. A survey of health effects of air pollution on peasant farmers in Benue state,
Nigeria. International Journal of Environmental Studies, 59(6): 665-677

Ulrich MM, Alink GM, Kumarathasan P, et al. 2002. Health effects and time course of particulate matter on
the cardiopulmonary system in rats with lung inflammation. Journal of Toxicologyand Environmental
Health, Part A, 65: 1571-1595

Utell MJ, Frampton MW, Zareba W et al. 2002. Cardiovascular effects associated with air pollution: potential
mechanisms and methods of testing. Inhalation Toxicology, 14: 1231-1247

Valavanidis A, Fiotakis K, Vlachogianni T. 2008. Airborne particulate matter and human health: toxicological
assessment and importance of size and composition of particles for oxidative damage and carcinogenic
mechanisms. Journal of Environmental Science and Health, Part C, 26(4): 339-362

Veranth JM, Gelein R, Oberdorster G. 2003.Vaporization-Condensation generation of ultrafine hydrocarbon
particulate matter for inhalation toxicology studies. Aerosol science and technology, 37: 603-609

Veronesi B, Oortgiesen M. 2001. Neutogenic inflammation and Particulate Matter (PM) air pollution.
Neurotoxicology, 22: 795-810

IAEES WWw.iaees.org



26 Environmental Skeptics and Critics, 2015, 4(1): 1-26

Vincent R, Jumarathasan P, Mukherjee B, et al. 2001. Exposure to urban particles (PM2.5) causes elevation of
the plasma vasopeptidesendothelin (ET)-1 and ET-3 in humans (Abstract). American Journal Respiratory
and Critical Care Medicine, 163: A313

Wahlin P, Berkowicz R, Palmagren F. 2006.Characterisation of traffic-generated particulate matter in
Copenhagen. Atmospheric Environment, 40: 2151-2159

Wang X, Hui D, Louise R,XipingXu. 1997. Association between air pollution and low birth weight: A
community-based study. Environmental Health Perspectives. 105(5): 514-520

White RH, Spengler JD, Dilwali KM, et al. 2005. Report of workshop on traffic, health, and infrastructure
planning. Archivesof Environmental and Occupational Health, 60: 70-76

Wichmann HE, Peters A. 2000.Epidemiological evidence of the effects of ultrafine particle exposure.
Philosophical Transaction of the Royal Society of London, Part A, 358: 2751-2769

Wilhelm M, Eberwein G, Holzer J, et al. 2005. Human biomonitoring of cadmium and lead exposure of
child-mother pairs from Germany living in the vicinity of industrial sources (Hot Spot Study NRW).
Journal of Trace Elements in Medicine and Biology, 19: 83-90

Wilson JG, Kingham S, Pearce J, et al. 2005. A review of intraurban variations in particulate air pollution:
Implications for epidemiological research. Atmospheric Environment, 39: 6444-6462

Wiseman CLS, Zereini F. 2009. Airborne particulate matter, platinum group elements and human health: A
review of recent evidence. Science of the Total Environment, 407: 2493-2500

Wolterbeek HT, Verburg TG. 2004. Atmospheric metal deposition in a moss data correlation study with
mortality and disease in the Netherlands. Science of the Total Environment, 319(1-3): 53-64

Woodruff T, Jeanne G, Kenneth S. 1997.The Relationship between Selected Causes of Postneonatal Infant
Mortality and Particulate Air Pollution in the United States. Environmental Health Perspectives, 105(6):
608-612

Yadav R, Beig G, Jaffrrey SNA. 2014. The linkages of anthropogenic emissions and meteorology in the rapid
increase of particulate matter at a foothill city in the Arawali range of India. Atmospheric Environment, 85:
147-151

Yang TH, et al. 2015. Personal exposure to particulate matter and inflammation among patients with
periodontal disease. Science of the Total Environment, 502: 585-589

Yang W,0Omaye ST. 2009.Air pollutants, oxidative stress and human health. Mutation Research, 674: 45-54

Zanobetti A, Schwartz J, Dockery DW. 2000. Airborne particles are a risk factor for hospital admissions for
heart and lung disease. Environmental Health Perspectives, 108: 1071-1077

Zeger SL, Dominici F, McDermott A, et al. 2008. Mortality in the medicare population and chronic exposure
to fine particulate air pollution in urban centers (2000-2005). Environmental Health Perspectives, 116(12):
1614-1619

Zhao X, Niu J, Wang Y, et al. 1998. Genotoxicity and chronic health effects of automobile exhaust: a study on
the traffic policemen in the city of Lanzhou. Mutation Research, 415: 185-190

Zhu Y, Kuhn T, Mayo P, et al. 2006. Comparison of daytime and nighttime concentration profiles and size
distributions of ultrafine particles near a major highway. Environmental Science and Technology, 40:
2531-2536

IAEES WWw.iaees.org





