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Polycyclic aromatic hydrocarbons (PAHSs) are primary environmental pollutants
which produced during the incomplete burning of organic materials (e.g. coal, oil,
petrol, and wood). They are not soluble in water due to the presence of long
aliphatic side chain. Various emission sources of PAHSs affect their chemical
characterization, distribution, as well as their toxicity. Due to the many sources
they are scattered in environment. Subsequently some PAHs are considered as
potent carcinogens and made serious threat to human health. When PAHSs enter
water from any source they generally do not dissolve in water as they have a large
aliphatic side chain in their structure. So they stick to solid soil particles and settle
to the bottom of lakes and rivers. The main aim of this review is to discuss the

impact of on the environmental and their impact on human health.
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Introduction

The Polycyclic Aromatic Hydrocarbons
(PAHSs or polyaromatic hydrocarbons) have
been studied globally to understand for their
distribution, fate and effects in the
environment'. They are the aromatic
compounds having 2 or more benzene rings.
They can have a variety of substituents such
as alkyl, nitro, and amino groups in their
structure®. Most of the PAHs are made up of
Carbon and Hydrogen however Nitrogen,
Sulphur, and Oxygen atoms can also be
integrated into their ring system®. When
these compounds react with nitrogen oxides,
ozone and sulphur dioxide, they give the
compounds like diones, nitro- and dinitro-
PAHSs, and sulphonic acids. A diversity of
microorganisms is capable to degrade PAHs
compounds in soil*. Crude oil or many
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natural products, such as steroids, that have
been chemically converted to aromatic
hydrocarbons over time>. They are
distributed extensively in the environment.
Several natural process such as volcanic
eruptions and forest fires, also contribute to
an ambient presence of PAHs. PAHSs can be
existed in both particulate and gaseous
phases, depending upon their volatility.
PAHs can be divided into Low molecular
weight PAHs and High Molecular PAHS.
Light molecular weight PAHs (LMW
PAHS) that have two or three aromatic rings
and are emitted in the gaseous phase, while
high molecular weight PAHs (HMW PAHS),
are with five or more rings, and emitted in
the particulate phase. They also have toxic
effects on organisms through several
activities. Most of the PAHs are manmade.
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The foremost route of exposure to is from
breathing ambient (and indoor) air, eating
food containing PAHSs, smoking cigarettes,
or breathing smoke from open fireplaces®. A
majority of PAHs from tobacco smoke are
alleged human carcinogens®. Effects have
been recognized to alter immune system
development, humoral immunity and on host
resistance’. This paper provides updated
information on sources, emissions and
toxicity of PAHs for the better
understanding  for its  bioremediation
challenges.

Sources of PAHs

There are many sources and fate of PAHSs in
the environment which is very significant
due to their harmful impact on human
health. Industrial activities, vehicle washing,

anthropogenic sources of PAHs®. They enter
into  the atmosphere either by
Pyrogenic, Petrogenic or Biological. This is
usually accomplished by observing PAH
fingerprints that show the relative PAH
abundances'®. Once unconstrained to the
environment, the PAHs are prone to a wide
variety of degradation processes, including,
dissolution,  emulsification  dispersion,
evaporation, adsorption on suspended
materials, photo-oxidation, microbial
degradation (biotic or biodegradation) and
interaction among the contaminants and
sediments™.

It is worth mentioning that crude
oils contain PAHs that formed
over  millions of years at temperatures
as low as (100-150°C) *2. (Fig. 1)
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Fig. 1. Chief Sources of PAHSs found in the environment (Shafy and Mansour, 2016)

1. Emissions of PAHSs:

Across the world many developing
countries, such as India, China, Sudan and
Brazil are related with burning of biomass,

including biofuel usage and wild savanna
fire. Especially, entire emissions of PAHs
from China and India were virtually 40% of
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Table 1. Table showing physical and chemical properties of PAHSs arranged on the basis of their

toxicities™.
S. PAHSs Chemical Molecular Melting Point Boiling Density Solubility
No formula Weight Point (g/cm®) in water
(g/mol)

1. Acenaphthalene CoHyp 154.21 95°C 96.2°C 1.222 0.4mg/100
ml

2 Acenaphthylene CoHg 152.20 92-93°C 265- 0.8987 Insoluble

275°C

3. Anthracene CuHyp 178.23 218 °C 340 °C 1.25 Insoluble

4, Benzo(a)anthracene CigH1o 228.2879 158 °C 438 °C 1.19 0.010mg/L

5. Benzo(a)pyrene CooH1o 252.31 179 °C 495 °C 1.24 0.2 to 6.2
ug/L

6 | Benzo(e)pyrene CxHyp 252.31 178-179°C 310- 1.286 6.3x10°°

312°C mg/L

7 Benzo(b)fluoranthene | CyHj, 252.3093 168 °C - 1.286 0.0012mg/
L

8 Benzo(ghi)perylene CyHyp 276.3307 278 °C 500 °C 1.378 2.6x10*
mg/L

9 Benzo(j)fluoranthene | CyHi, 252.3093 165 °C - 1.286 6.76x107°
mg/L

10 | Benzo(K)fluoranthene | CyHy 252.31 217 °C - 1.286 -

11 | Chrysene CigH1o 228.28 254 °C 448 °C 1.274 Insoluble

12 | Dibenz(ah)anthracene | CyHyy 278.3466 262 °C - 1.232 5x10™
mg/L

13 | Fluoranthene CiHyo 202.26 110.8 °C 375°C 1.252 265 pg/l

14 | Fluorene Ci3Hyg 166.223 116-117 °C 295 °C 1.202 1.992 mg/L

15 | Indeno(1,2,3- CxHi 276.3 163.6°C 530°C 0.062mg/L

cd)pyrene
16 | Phenanthrene CuHyp 178.23 101 °C 332°C 1.18 1.6 mg/L
17 | Pyrene CiH1o 202.25 145-148 °C 404 °C 1.271 0.135 mg/l

the global whole amount of emissions.

(i) Atmospheric emission

The natural sources include volcanoes and
forest fires. While the anthropogenic sources
are vehicle exhaust, agricultural fires, power
plants, coke plants, steel plants, foundries
and other industrial sources. The variability
in vapour pressures of different PAH

compounds cause the individual PAHs to
distribute in different concentrations.*®*"8.
Quantification of PAHSs are performed using
GC-MS method. It is consistent and
accurate to determine the concentrations of
PAHSs and their derivatives™.

(i) Surface soil emission

When PAHs are accumulated onto the
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earth’s surface, they convert into mobile
substance. PAHSs in the soil will be bound to
soil particles?®®. The most important factors
which influence PAHs mobility is the soil
particle size. As Soil physical properties like
soil texture have also been considered to be
very important for bioremediation because
several factors affecting the degradation
process like soil aeration, movement of
nutrients through soil profiles, water holding
capacity and several other chemical
properties are also under the direct and
indirect influence the soil physical
properties.

2. Toxicity of PAHs:

The level toxicity of PAHs mainly depends
on physical and chemical properties of
PAHs specially its solubility and its
bioavailability. In a study Benzo[a]pyrene
was assessed to be responsible for 48 to 52%
of the added risk of sediment and for 44 to
54% in other sediment. When also
concentrations  benzo[a]anthracene  and
dibenzo [a, h] anthracene were included
90% of the added risk could be valued. This
proves that concentrations of these
compounds, in  mixture with other
environmental factors, are useful for risk
estimation of PAHs*. Although the health
effects of individual PAHs are differ in one
or other way, In succeeding, are the 17
PAHs (Table.l) which have been
recognized as being of greatest concern
with regard to approaching exposure
and unfavorable health effects on humans
and are thus considered as a group

in a profile issued by the Agency for
Toxic Substances and Disease
Registry (ATSDR).

The toxicity of PAHs to marine ecosystem is
exaggerated by metabolism and photo-
oxidation by many microorganisms. They
are usually more toxic in the occurrence of
ultraviolet light.

The rapid absorption of PAHs by humans
results in a high potential for
biomagnification in the food chain. In
general, the greater the number of benzene
rings, directly increased the toxicity of the
PAH %2,
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