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ABSTRACT
This systematic review discussed the effects of Polycyclic Aromatic Hydrocarbons (PAHs) on
the Environment. Indiscriminate burning of Organic materials, petroleum product and other
industrial processes as well as various runoffs from roads and railways has contributed
significantly to environmental pollution by PAHs, which endangers the lives of organisms
living in the environment. These PAHs bind strongly to sediments and serve as a long-term
source of contaminants in water bodies and biota long after the original source has been
removed. Sources of PAHs can be petrogenic, from petroleum-related activities or pyrogenic
(pyrolytic), from the incomplete combustion of diesel fuel and engine oil. Also, wood, coal,
biomass of forest, grass fires, waste incinerators, and fossil fuels that are used in industrial
operations and power plants are all sources of PAHs. PAHs enter the environment through
atmospheric deposition and direct releases of substances through petroleum spills and use,
municipal wastewater treatment plants, industrial discharges, storm water runoff, landfill
leachate, and surface runoff. Generally, the adverse effect of PAHs on the environment is
determined by monitoring the sediment/soil, water, and air. Although there is no known
short-term health effect of PAHs, but there are several health challenges associated with the
long-term accumulation of PAHs in the food chain. Long term exposure to even the simplest
PAHs like Naphthalene can lead to kidney and liver damage as well as cataract. It causes
redness and inflammation of skin when in contact and red blood cell damage when inhaled,
Dibenzopyrene is highly carcinogenic.
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1. INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are a typical group of chemicals containing
two or more aromatic rings and are prevalent in the environment. Because of their
persistence, carcinogenicity, toxicity and mutagenicity (Marin-Morales et al., 2009),
PAHs are of particular concern and 16 priority PAHs are regulated by the United States
Environmental Protection Agency (USEPA). For decades, the distribution and sources of
PAHs have been the focus of numerous investigations (Soclo et al., 2000; Doong and
Lin, 2004; Chen and Chen, 2011; Bar-akat et al., 2011). PAHs can be derived from
natural sources, but anthropogenic activity is generally considered to be the major source
of PAHs (Baumard et al., 1998). Pyrogenic and petrogenic sources are two major origins
of anthropogenic PAHs in the environment. Pyrogenic PAHs are formed as trace
contaminants by the incomplete combustion of organic matter, such as wood, fossil
fuels, asphalt and industrial waste. Petrogenic PAHs are usually contained in crude and
refined petroleum (Liu et al., 2009).
Once produced, PAHs can be transported to the marine environment through wastewater
discharge, surface runoff, atmospheric deposition and other means, such as oil leaks
(Heemken et al., 2000). In the marine environment, PAHs adhere tightly to sediments
because of their high hydrophobicity and weak degradation (Warren et al., 2003). When
the environmental conditions change, the adsorbed PAHs can be resuspended into the
water via chemical and biological processes, which thus cause secondary pollution to the
surroundings (Wang et al., 2010; Lu et al., 2012). Therefore, sediments act both as an
important reservoir and as a secondary source for PAH contamination, and the
investigation of sedimentary PAHs is needed to provide estimates of PAH inputs into
marine areas.
The environmentally significant PAHs are those molecules that contain 2 to 7 benzene rings.
PAHs are divided into two groups based on their physical, chemical, and biological
characteristics (Martinez et al., 2004). The lower-molecular-weight PAHs, for example, the 2
to 3 rings of PAHs such as naphthalenes, fluorenes, phenanthrenes, and anthracenes, have
significant acute toxicity to aquatic organisms. The high-molecular-weight (HMW) PAHs,
containing 4 to 7 rings, from chrysenes to coronenes, do not cause acute toxicity but are
known to be carcinogenic. Sixteen PAH compounds have been identified as priority
pollutants due to their toxic, mutagenic, and carcinogenic characteristics (Tam et al., 2001).
Due to their low water solubility and high lipophilic nature, PAHs are easily and rapidly
absorbed by organisms and can be accumulated in aquatic organism or adsorbed onto the
surface of suspended matter, get deposited on the sea floor and be passed onto the marine
food chain. Although hundreds of PAHs exist, some of the environmentally essential PAHs
are: naphthalene, acenaphthylene, acenaphthene, flourene, phenanthrene, anthracene,
flouranthene,
pyrene,
benz[a]anthracene,
chrysene,
benzo[b]fluoranthene,
benzo[k]flouranthene, benzo[a]pyrene, benzo[ghi]perylene, dibenz[a,h]anthracene, and
indeno[1,2,3-cd]pyrene. Four isotopically labeled polynuclear aromatic hydrocarbons
(acanaphthene-d10, phenanthrene-d10, chrysene-d12 and perylene-d12)
Sources of PAHs can be either petrogenic, from petroleum-related activities or pyrogenic
(pyrolytic), from the incomplete combustion of diesel fuel and engine oil (Szewczynska et
al., 2013). Also, wood, coal, biomass of forest, grass fires, waste incinerators, and fossil fuels
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that are used in industrial operations and power plants are all sources of PAHs (Ashraf et al.,
2013). PAHs can be found in tire wear debris, asphalt particles (Srogi K., 2007) and
stationary combustion sources (Santasiero et al., 2005). Sources of PAHs in urban
atmosphere include automobiles, re-suspended soils, refineries and power plants (Omar et al.,
2002; Yang et al., 2002; Dyke et al., 2003). PAHs are also widely used in commercial
products, such as intermediaries in pharmaceuticals, agricultural products, photographic
products, thermosetting plastics, and lubricating materials. PAHs also occur in large amounts
in sedimentary rocks and petroleum (Lichtfouse et al., 1997, 1999; Henner et al., 1999).
Additional contributions to ambient air levels arise from tobacco smoking (Sakai et al.,
2002), while the use of heating sources can increase PAH concentrations in indoor air.
Natural sources such as forest fires and volcanic eruptions are less important. The fate of
PAHs is determined by their physicochemical properties, especially nonpolarity and
hydrophobicity which is responsible for their persistence in the environment. PAHs from fuel
oils tend to be quickly adsorbed onto particles and to accumulate in sediments (Tolosa et al.,
2004).
PAHs enter the environment through atmospheric deposition and direct releases of substances
through petroleum spills and use, municipal wastewater treatment plants, industrial
discharges, storm water runoff, landfill leachate, and surface runoff. PAHs attach readily to
sediment particles, leading to high concentrations in bottom sediments of water bodies. A
literature review on tire wear particles in the environment indicates that the high aromatic
(HA) oils generally used in tires contain PAHs, (Urban Waterways, 2001).
Bioavailability of PAHs and heavy metals occurring in soil is the basic source of its
accumulation in crops, herbs and soil micro organisms. The impact of soil pollution on food
chain presents a challenge for many investigations.
Generally, the adverse impact of PAHs to the environment is determined by monitoring the
sediment/soil, water, and air. Different upland activities in the recent time has contributed
significantly to environmental degradation partly due to poor waste management practices
and weak enforcement in ensuring that auto mechanic operators are located in designated
sites.
Concentrations of PAHs in river and soil vary according to a variety of factors including
proximity to municipal and industrial discharge points, upland activities, wind direction and
distance from major urban roadways.
Indiscriminate burning of Organic materials, petroleum product and other industrial processes
such as, markets, petrol stations, auto-mechanic villages, abattoirs as well as various runoffs
from roads and railways has contributed significantly to environmental contamination by
PAHs, which endangers the lives of organisms. These PAHs bind strongly to sediments and
serve as a long-term source of contaminants in water bodies and biota long after the original
source has been removed. There are several Health problems associated with
bioaccumulation of PAHs and heavy metals in the food chain. Long term exposure to even
the simplest PAHs like Naphthalene can lead to kidney and liver damage as well as cataract.
It causes redness and inflammation of skin when in contact and red blood cell damage when
inhaled, Dibenzopyrene is highly carcinogenic.
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2.

CONTAMINATIONS IN THE ENVIRONMENTAL
POLYCYCLIC AROMATIC HYDROCARBONS (PAHs)

COMPONENTS

BY

2.1. Air Contamination
According to INCHEM (2011), PAHs are often released into the air, or they evaporate into
the air when they are released to soil or water. PAHs often adsorb to dust particles in
atmosphere, where they undergo photo oxidation in the presence of sunlight, especially when
they are adsorbed to particles. This oxidation process can break down the chemical over a
period of days to week. PAHs, as semi-volatile organic compounds, exist in both the gaseous
and the particulate phase in air, and are subject to both vapor and particle washout from the
atmosphere during precipitation.
2.2. Water Contamination
PAHs is an environmental contaminant of great concern, it enters surface waters mainly via
atmospheric fallout, urban run-off, municipal effluents, industrial effluents and oil spillage or
leakage. Atmospheric fallout includes wet and dry deposition of particles and vapors. A
significant amount of PAHs carried to surface waters by sewers derives from urban run-off.
Urban run-off consists of the storm water from impervious areas, such as roads, motorways,
paved parking lots, abattoirs, mechanic workshops, waste dumpsites and so on.
Since PAHs are generally insoluble in water, they are generally found adsorbed on particulate
and precipitated in the bottom of lakes and rivers, or solubilized in any oily matter which may
contaminate water. Atmospheric deposition is considered to be an important input of PAHs to
surface waters. It has been estimated that 10–80% of PAH inputs to the world’s oceans is
from atmospheric sources. As a consequence, urban run-off contains PAHs deposited on
surfaces, as well as mobile-related PAHs from gasoline and oil drips or spills, exhaust
products, tyre particles, and bitumen from road surfaces. Higher concentrations of PAHs in
urban runoff were found during autumn and winter, due to the high incidence of vehicles in
the streets, coupled with the use of heating systems (Manoli and Samara, 1999).
2.3. Soil Contamination
Another environmental component that faces huge contamination from PAHs is the soil.
According to Peter (2003), PAHs in soil are unlikely to exert toxic effect on terrestrial
invertebrates, except when soil is contaminated. Although, plant can absorb PAHs from soils
through their roots and translocate them to other plant parts. Uptake rates are generally
governed by concentration, water solubility and their physicochemical state as well as soil
type. Certain plants contain substances that can protect against effect, whereas other can
synthesize PAHs that act as growth hormones (ATSDR 2010).
Accumulation of PAHs in soils may lead to further potential contamination of vegetables and
food chains (Kipopoulou et al., 1999; Mueller and Shann, 2006), and then cause direct or
indirect exposure to human. Moreover, leaching, evaporation and migration are possible
PAHs sources of atmospheric or groundwater contamination. Therefore, knowledge of soil
contamination with PAHs is needed to avoid any food production risk and to restrict the
deleterious effect of these contaminants.
2.4. SOURCES OF CONTAMINATIONS
The following list will serve to illustrate typical contaminations sources, although it will be
impossible to list all the potential sources of chemical contaminants.
 Petrol stations.
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Mechanic workshops.
Chemical manufacturing plants.
Abattoirs
Incinerators and incineration activities.
Chemical waste storage facilities.
Oil refineries.
Automobile engine (Osu et al., 1999).

The major environmental concerns in urban and industrial areas are polycyclic aromatic
hydrocarbons. They have a relatively low solubility in water, but are highly lipophilic (WHO,
n.d.). When dissolved in water or absorbed on particulate matter, PAHs can undergo
photodecomposition when exposed to ultraviolet light from solar radiation. In the
atmosphere, PAHs can react with pollutants such as ozone, nitrogen oxides and
sulphurdioxides, yield diones, nitro – and dinitro- PAHs and sulphonic acids, respectively.
They may also be degraded by some microorganisms in soil (ATSDR, 1994). PAHs
pollutants have high molecular mass, PAHs of 4 and more condensed aromatic rings are
considered to be more dangerous than 2 and 3 rings PAHs in view of their potentials
(Kawamura et al., 1994).
Table 1: Industrial activities associated with the production, processing, use, and disposal of
PAH- contaminating materials (Duan et al., 2014)
S/N Industrial Activities
1.
Gasification/liquefaction of fossil fuels

2.

Coke production

3.

Catalytic cracking

4.
5.

Carbon-black production and use
Asphalt production and use

6.

Coal-tar/coal-tar-pitch production and
use
Refining/distillation of crude oil and
crude oilderived products
Wood-preservative and wood
combustion
Fuel/oil storage, transportation,
processing, use and disposal

7.
8.
9.

10.
11.

Open burning (tyres/refuse/coal etc.)
Incineration

Predominant PAHs
Gasification/liquefaction of fossil fuels
Fluoranthene, Pyrene and Chrysene and
Benzo(a)pyrene
Anthracene, Phenanthrene and
Benzo(a)pyrene
Fluoranthene, pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene and thiophene
compounds
Fluoranthene and Benzo(a)pyrene
Phenanthrene, Fluoranthene, Pyrene and
Chrysene and Benzo(a)pyrene
Phenanthrene, fluoranthene and pyrene
Pyrene and benzo(a)pyrene
Fluoranthene and Benzo(a)pyrene
Fluoranthene, pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene and thiophene
compounds
Phenanthrene and Anthracene
Pyrene,Phenanthrene and fluoranthene
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The movement of PAHs in the environment depends on properties such as how easily they
dissolve in water and how easily they evaporate in the air (Jaarsveld et al., 1997). As
persistent organic pollutants (POPs), some of them are susceptible to dispersion on a global
scale because in addition to having environmental persistence, they move between the
atmosphere and earth’s surface in repeated, temperature-driven cycles of deposition and
volatilization (Jaarsveld et al., 1997). POPs are truly multimedia contaminants which occur in
all parts of the environment: atmosphere, inland and sea water, sediments, soil and vegetation
(Paterson and Mackay, 1989; Jaarsveld et al., 1997). They are mainly of anthropogenic origin
and have only a few significant natural sources (Fetzer, 2000). The most commonly
encountered POPs are Organochlorine pesticides, such as DDT, industrial chemicals like
polychrorinated biphenyls (PCB) and dioxins. PAHs (which are known for their strong
mutagenic, carcinogenic and toxic properties) are composed of carbon and hydrogen atoms
arranged in the form of fused benzene rings. There are thousands of PAHs compounds in the
environment but in practice PAHs analysis is restricted to the determination of 6 to 16 PAHs
as priority pollutants, while some of these, e.g. benzo (a) pyrene, chrysene, benzo (a)
anthracene are considered to be potential human carcinogens. PAHs are the most toxic among
the hydrocarbon families (Catoggio, 1991). Individual PAHs differ substantially in their
physical and chemical properties (Malisezewska-Kordybach, 1998). The widespread
occurrence of PAHs is largely due to their formation and release in all processes of
incomplete combustion of organic materials. The last century of industrial development
caused a significant increase of PAHs concentrations in the natural environment (Wild and
Jones, 1993).
The simplest PAHs are phenanthrene and anthracene. PAHs may contain four, five, six, or
seven - membered rings, but those with five or six are most common. PAHs that comprised
only of six-membered rings are called alternant PAHs. Certain alternate PAHs are called
benzenoid PAHs. PAHs containing up to six fused aromatic rings are often known as small
PAHs and those containing more than six aromatic rings are called large PAHs (Pure Applied
Chemistry, 2009).
PAHs in the environment are found primarily in water, soil, sediment, and oily substances, as
opposed to being in water or air. However, they are also a component of concern in
particulate matter suspended in the air. The National Institute for Occupational Safety and
Health (NIOSH) has determined that PAHs are a “potential occupational carcinogen”.
Although the health effects of individual PAHs are not exactly alike, the following 17 PAHs
are profiled as a group of those detrimental to health: acenaphthene, acenaphthylene,
anthracene,
benz[a]anthracene,
BaP
benzo[e]pyrene,
benzo[b]fluoranthene,
benzo[g,h,i]perylene,
benzo[j]fluoranthene,
benzo[k]fluoranthene,
chrysene,
dibenz[a,h]anthracene, fluoranthene, fluorene, indeno[1,2,3-c,d]pyrene, phenanthrene, and
pyre.
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SOURCES OF PAHs

ANTHROPOGENIC

NATURAL

Natural petroleum

Petroleum spills

Vegetative decay

Auto mechanic activities

Thermal geological
processes

PAH-contaminated media

Biosyntheses

Wood and waste burning

Natural Fires

Cigarette Smoke

Volcanic Eruptions

Vehicle Emissions

Abattoirs

Cooking Plants
Other Industrial Processes
INCOMPLETE
COMBUSTION

Figure 1: Sources of PAHs

3. EFFECTS OF PAHs
3.1. Environmental Effects
PAHs are usually released into the air, or they evaporate into the air when they are released to
soil or water (INCHEM, 2011). PAHs often adsorb to dust particles in the atmosphere, where
they undergo photo oxidation in the presence of sunlight, especially when they are adsorbed
to particles. This oxidation process can break down the chemical over a period of days to
week. Since PAHs are generally insoluble in water, they are generally found adsorbed on
particulate and precipitated in the bottom of lakes and rivers, or solubilized in any oily matter
which may contaminate water. Sediments and soil, mixed microbial population in sediment
may degrade some PAHs over a period of weeks to months (ATSDR, 2010).
The toxicity of PAHs is affected by metabolism and photo-oxidation, and they are generally
more toxic in the presence of ultraviolet light. PAHs have moderate to high acute toxicity to
aquatic life and birds.
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PAHs in soil are unlikely to exert toxic effect on terrestrial invertebrates, except when soil is
contaminated (Peter, 2003).
Adverse effects on these organisms include tumors, adverse effects on reproductive organs,
development and immunity, mammals can absorb PAHs by various routes e.g. inhalation,
dermal contact and ingestion (ATSDR, 1994). Plant can absorb PAHs from soils through
their roots and transfer them to other plant parts. Uptake rates are generally governed by
concentration, water solubility and their physicochemical state as well as soil type. PAH –
induced phytotoxic effect are rare. Certain plants contain substances that can protect against
adverse effect, whereas others can synthesize PAH that act as growth hormones (ATSDR,
2010).
3.2 Health Effects
Acute or Short-Term Health Effects.
It is not clear that PAHs cause short-term health effects. Long-term health effects of exposure
to PAHs may include cataracts, kidney and liver damage, and jaundice. Repeated skin contact
to naphthalene can result in redness and inflammation of the skin. Breathing or swallowing
large amounts of naphthalene can cause the breakdown of red blood cells. Long-term
exposure to low levels of some PAHs has caused cancer in laboratory animals.
Benzo(a)pyrene is known to cause cancer in experiment animals. Studies of workers exposed
to mixtures of PAHs and other compounds have noted an increased risk of skin, lung,
bladder, and gastrointestinal cancers. A number of individual PAHs are classified by the
International Agency of Research on Cancer as carcinogenic to animals and probably
carcinogenic to humans. Exposure is through the anthropogenic sources mentioned above –
exposure is greatest for workers in industrial and chemical processes. General exposure is
through cigarette smoke, car exhaust gases and food. It is difficult to quantify exposure, due
to the large number of PAHs. Benzo[a]pyrene B[a]P has been chosen as a marker for the total
mixture of PAHs in the United Kingdom. The level recommended by the Expert Panel on Air
Quality Standards (United Kingdom) for B[a]P as a marker for total PAHs is 0.25 ng/m3
measured as an annual average. The effects on human health will depend mainly on the
length and extent of exposure, the amount or concentration of PAHs the person is exposed to,
and of course the innate toxicity of the PAHs, and whether exposure occurs via inhalation
ingestion or skin contact. (Srogi, 2007). A variety of other factors can also affect health
impacts, including subjective facts such as pre-existing health status and age (Collins et al.,
1998).
The ability of PAHs to induce short-term health effects in human is not clear. Intake of PAHs
from contaminated soil occurs via ingestion, inhalation or dermal (skin) exposure to
contaminated soil/dust and from inhalation of PAH vapours. Tilling the dry soil can result in
ingestion of small but measurable amount of soil.
Occupational exposure to high level of pollutant mixture containing PAH has resulted in
symptoms such as eye irritation, nausea, vomiting and diarrhea (Collins et al., 1998).
However, it is not known which components of the mixture where responsible for the effect
and other compounds commonly found with PAHs may be the cause of these symptoms.
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Chronic or Long-term Health Effects
Health effect from chronic or long-term exposure to PAHs may include decrease in immune
function, cataract, kidney and liver damage (e.g. jaundice), and breathing problems, asthma
like symptoms and lung function abnormalities and repeated contact with skin may induce
redness and skin inflammation (Miller et al., 2001). Naphthalene, a specific PAH, can cause
the breakdown of red blood cell if inhaled or ingested in large amounts (Collins et al., 1998).
When exposed to PAHs, the harmful effect that may occur will largely depend on the nature
of exposure (BBC News, 2001).
Some chronic effects of PAHs include Carcinogenicity, Genotoxicity, and Teratogenicity.
Carcinogenicity
Although unmetabolized PAHs can have toxic effect, a major concern is the ability of the
reactive metabolities, such as epoxides and dihydrodiols, of some PAHs to bind to cellular
proteins and DNA. The resulting biochemical disruption and cell damage leads to Mutations,
developmental malformation, tumors, and cancer.
Evidence indicates that mixtures of PAHs are carcinogenic to humans (Grimmer, et al.,
1988). The evidence came primarily from occupational studies of workers exposed to
mixtures containing PAHs and these long-term studies have shown an increase in risk of
predominantly skin and lung, but as well as bladder and gastrointestinal cancers. However, it
is not clear from these studies whether exposure to PAHs was the main cause as workers
were simultaneously exposed to other cancer – causing agent (e.g. aromatic amines)
(Grimmer, et al., 1988).
Animals exposed to level of some PAH over long period in laboratory studies have developed
lung cancer from inhalation, stomach cancer from ingesting PAHs in food and skin contact.
Benzo (a) pyrene is the most common PAH to cause cancer in animal and this compound is
notable for being the first chemical carcinogen to be discovered. Based on the available
evidence both the International Agency for Research on cancer (IARC, 1987) classified a
number of PAHs as carcinogenic to animal and some PAH – rich mixture as carcinogenic to
human (ATSDR, 1994). The EPA has classified seven PAH compound as probable human
carcinogens:
benz(a)anthracene,
benzo(a)pyrene,
benzo(b)fluoranthene,
benzo(k)fluoranthene, chrysene, dibenz(ah)anthracene, and indeno(1,2,3-cd)pyrene.
Teratogenicity
Embroyotoxic effect of PAHs have been described in experimental animal exposed to PAH
such as benzo (a) anthracene, benzo (a) pyrene and naphthalene. Laboratory studies
conducted on mice have demonstrated that ingestion of high level of benzo (a) pyrene during
pregnancy resulted in birth defects and decreased body weight in the offspring. It is not
known whether these effects can occur in human. However, the center for Children’s
Environmental Health reports studies demonstrate that exposure of PAH pollution during
pregnancy is related to adverse birth outcomes including how birth weight, premature
delivery and heart alformations. High prenatal exposure to PAHs is also associated with
lower 1Q at age three, increased behavioural problems at ages of six and eight. Childhood
asthma cord blood of exposed babies shows DNA damage that has been linked to cancer.
Genotoxicity
Genotoxic effects for some PAH have been demonstrated both in rodents and in visto tests
using mammalian (including human) cell lines. Most of the PAHs are not genotoxic by
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themselves and they need to be metabolized to the diol exposed which react with DNA, thus
inducing genotoxic damage. Genotoxicity plays important role in the carcinogenity process
and maybe in some forms of developmental toxicity as well.
4. Characteristics of PAHs
The majority of research on PAHs has been conducted on the small PAHs due to the
availability of samples of them, (IARC, 2010). The general characteristics of PAHs are high
melting and boiling points (therefore making them solid), low vapor pressure, and very low
aqueous solubility, the latter two tending to decrease with increasing molecular weight,
whereas their resistance to oxidation and reduction increases with higher molecular weight.
PAHs are highly lipophilic and therefore very soluble in organic solvents. PAHs also
manifest various properties such as light sensitivity, heat resistance, conductivity and
resistance to corrosion, as well as have a variety of physiological actions. PAHs possess very
characteristic Ultra violet (UV) absorbance spectra. Each ring structure has a unique UV
spectrum, and thus each isomer has a different UV absorbance spectrum. This characteristic
is especially useful in the identification of PAHs. Most PAHs are also fluorescent, emitting
characteristic wavelengths of light when they are excited (when the molecules absorb light).
Aqueous solubility decreases with each additional ring. The simplest PAHs, as defined by the
International Union of Pure and Applied Chemistry (IUPAC), are phenanthrene and
anthracene, both of which contain three fused aromatic rings. Smaller cyclic molecules, such
as benzene, are not PAHs. Naphthalene, which consists of two coplanar six-membered rings
sharing an edge, is another aromatic hydrocarbon.
5. Classification and Properties of PAHs
Polycyclic Aromatic Hydrocarbons (PAHs) are a sizable group of compounds consisting only
of carbon and hydrogen (therefore being organic), with two or more condensed aromatic
rings. They play an important role in the assessment and control of air quality as they include
a large number of chemicals that can be considered hazardous for the environment and for
human health. For this reason, they are strictly regulated by law in most industrialized
countries. PAHs are generally considered to be Semi-Volatile Organic Compounds (SVOCs);
their volatility is strongly related to the number of aromatic rings as well as the molecular
structure. Naphthalene (two benzenoid rings), the simplest PAH, has the lowest boiling point
(218oC) and is relatively volatile, while PAHs with more than 5 rings are considered scarcely
volatile, as boiling points generally increase with the number of rings. PAHs have low vapour
pressures and are found at ambient temperature in air both as vapours and associated with
particles. They are relatively insoluble in water, but dissolve easily in fats and oils. In
combustion systems, they are typically present as gases but can be emitted from the stack
both as vapour and particulate matter. Some of the PAHs more frequently tested for in
emissions are Benzo[a]pyrene (B[a]P), Acenaphthene, Dibenzo(a,h)anthracenes, Anthracene,
Fluoranthene, Fluorene, Naphthalene, Phenanthrene, Chrysene and Pyrene.
6. Bioavailability of PAHs
Bioavailability defines the accessible fraction of a contaminant in soil and is more relevant to
environmental and health risk assessment than total concentrations. There is increasing
evidence that many contaminants persisting in the environment are influenced greatly by soil
properties and become progressively less available for uptake by organisms over time,
thereby becoming less toxic or susceptible to biodegradation and bioremediation by
microorganisms (Naidu et al., 2008).
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The extent to which a soil contaminant is bioavailable to crops and plants depends on a
variety of factors including the properties of the contaminant and the soil, as well as the
exposure pathway (Bolan et al., 2006). Oral ingestion of contaminated soil is one of the most
important exposure pathways of soil-bound contaminants for humans, and accidental
ingestion of large amounts of soil by children represents a worst-case scenario for acute
exposures (CCME, 2010).
Benzo[a]Pyrene (B[a]P) is a well-known carcinogen that is generated from both natural and
anthropogenic combustion processes. It is a common environmental contaminant and has
been required in the routine analysis of soil when land use is changed. The new National
Environmental Protection Measure (NPEM) in Australia were established based on the
assumption that bioavailability of B[a]P from both oral and inhalation pathway is 100% due
to the lack of reliable information on its bioavailability in contaminated soils (Duan et al.,
2014).
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