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ABSTRACT 
 
In the present review article focus on highlighting the sources, properties and health risks of carcinogenic PAHs  
both on human health and environment. Polycyclic Aromatic Hydrocarbons (PAHs) comprises a broad family of 
compounds that are also described as semi volatile organic compounds (SVOC). This term refers to the fact that 
PAHs are distributed between gas and particle phases. In fast budding cities of India, limited research work has 
been done on air contamination and distribution behaviour of PAHs, where vehicles (cars, trucks, buses and two 
wheeler) as old as one to twenty years run on the same roads. The trouble is further multiplied due to lack of 
maintenance, poor planning, socio economic condition and slow pace of infrastructure development. In the city 
atmosphere smaller vehicles (two, three and four wheelers) running mainly on petrol and diesel fuels are foremost 
contributor of PAHs. Due to increase in urbanization, industrial development, increase in population and vehicular 
traffic over the past decades the demand of fossil fuels has increased resulting in the rise of emission of PAHs to the 
atmosphere. PAHs are omnipresent including soil, water and air. They are generally stuck to the solid sediments. 
PAHs existence in the atmosphere results in troubles because consuming products obtained from sources like 
processed petroleum products and agricultural produce could be ruinous as it causes tumours in animals and 
cancers  in human beings   
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INTRODUCTION 
 

Polycyclic Aromatic Hydrocarbons PAHs are influential environmental pollutants that encompass of fused aromatic 
rings. During incomplete combustion of carbon-based materials such as wood, coal, oil, gasoline etc PAHs are 
characteristically moulded and are present approximately everywhere in the environment. According to Researchers 
[1] PAHs are also present in crude oil, coal tar and asphalt. In urban areas and in agricultural based areas where bush 
burning is usually used for agricultural reasons followed by in petroleum exploration and refining operations the 
concentration of PAHs is expected to be high [1]. Since as a pollutant, some PAHs have been recognized as 
carcinogenic, mutagenic and teratogenic, these are of immense concern for Human beings [2]. PAHs are primarily 
found in soil, sediment and oily substrates. In comparison to soil PAHs concentration in water or air is 
comparatively small. The type, nature as well as intensity of the fire arises from forest fires and agricultural bush 
burning is responsible for the actual amount of PAHs produced [3]. The majority of the PAHs do not degrade 
rapidly and may thus be inherent in environment for the prolonged periods of the time when once exposed to the 
atmosphere and during this period winds may distribute these pollutants over a huge area. PAHs compounds 
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includes two to seven membered (fused) benzene rings. They mix easily with oil then water and are thus termed as 
hydrophobic compounds with aqueous solubility decreasing almost linearly with upsurge in molecular mass [4]. 
PAHs may be classified as low molecular weights (LMW) or high molecular weights (HMW). Low Molecular 
Weights PAHs are those containing two or three benzene rings, whereas those containing four or more rings are 
called HMW PAHs.  Low molecular weight PAHs are comparatively soluble in water i.e. are hydrophilic in nature 
whereas those containing four or more rings are quite hydrophobic and unsolvable [5].  
 
Toxic Organic Micropollutants (TOMPs) consist of Polychlorinated Dibenzo-p-Dioxins, Polychlorinated 
Dibenzofurans (PCDD/Fs) and Polychlorinated Biphenyls (PCBs). During various industrial, chemical and 
combustion processes PCDD/Fs and PAHs are formed as unwanted by-products. Until 1986, PCBs were formerly 
manufactured for use in an extensive range of electrical and other products. These highly toxic and persistent species 
are omnipresent in the environment, but are normally present at extremely low concentrations, the atmosphere being 
the major route for their redeployment in the environment. PAHs emitted to the air can be transported over long 
distances before they are deposited with atmospheric precipitation on soils, vegetation or sea and inland water. The 
existence of PAHs in all these elements of the atmosphere may build a risk not only to the human beings but all the 
living organisms [6, 7]. The objective of this manuscript is to review existing information on sources, fate and risk 
associated with the presence of these compounds in the atmosphere [28]. 
 

MATERIALS AND METHODS 
 
2.0 Sources of PAHs  
At home, residential heating, tobacco smoking and cooking are the major sources of PAHs pollution. In many cities 
Vehicular emissions are also the major sources of PAHs. For a number of people, the primary exposure to PAHs 
occurs in the workplace. For example, workers in a coke manufacturing factory receive high exposures to PAHs 
produced in their workplace. 
 
Human exposure to PAHs is also caused by inhalation of air containing PAHs. The exposure of traffic policemen to 
ambient PAHs is mainly from inhalation of vehicle exhaust and road dust containing PAHs. Through food and water 
consumption or skin contact PAHs can also enter the body. PAHs are transported into all tissues of the human body 
containing fat. They can be stored in fat, liver and kidneys and can accumulate by frequent and long-term exposures. 
 
In all processes of incomplete combustion of organic substances PAHs are emitted [8]. The production of PAHs is 
favoured by an oxygen-deficient flame, temperatures in the range of 650-900°C and fuels which are not highly 
oxidized. Natural sources of pyrogenic PAHs such as volcanic activity and forest fires do not significantly contribute 
- for the present - to overall PAHs emission [9]. The combustion of materials for energy supply (e.g. coal, oil, gas, 
wood, etc.) and combustion for waste minimization (e.g. waste incineration) are the two categories on the basis of 
which anthropogenic sources are divided [10].   

 
Figures 1:  Different sources of PAHs in the environment 
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The first category includes stationary sources like industry (mainly coke and carbon production, petroleum 
processing, aluminium sintering, etc.), residential heating (furnaces, fireplaces and stoves, gas and oil burners), 
power and heat gene-ration (coal, oil, wood and peat power plants) and mobile sources like cars, lorries, trains, 
airplanes and sea traffic (gasoline and Diesel engines). The second category covers incineration of municipal and 
industrial wastes. Other miscellaneous sources contain unregulated fires such as agricultural burning, recreational 
fires, crematoria, etc., cigarette smoking as well as volatilization from soils, vegetation and other surfaces [29-35]. 
Figure 1 indicated the different sources of PAHs in the environment. 
 
2.1 Properties of PAHs 
Polycyclic aromatic hydrocarbons PAHs mix more easily with oil than water and are thus lipophilic in nature. High 
molecular weight PAHs are less water-soluble and less volatile (i.e., less prone to evaporate). They are found 
primarily in soil, sediment and oily substances in water or air due to lipophilic nature.  
 
PAHs are also found adsorbed on surface of particulate matter  (PM) suspended in air. Polycyclic Aromatic 
Hydrocarbons are also found in coal tar, crude oil, creosote, and roofing tar. These PAHs are used in medicine or 
dyes, plastics and pesticides. Napthalene, Fluorene, Anthracene, Phenanthrene, Fluoranthene, and Pyrene are the 
polycyclic aromatic hydrocarbons generated for commercial use [11]. PAHs usually exist as colorless, white or pale 
yellow-green solids.  
 
 In the Table-1 the physical properties of selected PAHs has been shown. The properties of these compounds vary 
widely with molecular weight as indicated by the table-1 [12]. As the number of rings increases from two to seven 
the vapor pressure of PAHs decreases over 11 orders of magnitude. Napthalene tends to partition to a greater degree 
into the vapor phase in the environment because of its high vapor pressure. In the environment larger PAHs (three- 
and four-ring) will partition between the gaseous and solid phases. On the other hand PAHs with five or more 
aromatic rings are found almost completely linked with particulate or solid phases [13]. With increasing molecular 
weight, water solubility of PAHs with two to six rings decreases. Therefore, two and three-ring PAHs are more 
likely to be found in aquatic environments in the dissolved phase, whereas, higher molecular weight PAHs, are 
associated with dissolved organic matter (DOM) and solid phases such as soot [14].  
 
With increase in the size of the molecule, the tendency of PAHs to accumulate in soils, sediments, and biota also 
increases. The soil/sediment partition coefficient ðKocÞ is a measure of the affinity of a compound to partition into 
natural organic matter and soot in soils and sediments. For PAHs, log Koc values are relatively high, indicative of a 
strong tendency for soils and sediments to become sinks for PAHs even though most PAHs are initially dispersed 
into the atmosphere [15].  
 
In view of the fact that chromatographic separations are mainly based on differences in physical properties, the 
significant variability described above for PAHs makes sampling, sample preparation, and analysis. PAHs with 2-3 
rings, which are generally low carcinogenic, are mostly found in the gas phase whereas the heavier ones are mostly 
associated with airborne particles. By adsorption or by condensation upon cooling of flue gases, heavier PAHs (with 
more than three rings) are rapidly attached to existing particles (usually soot particles) [16]. The environmental 
occurrence of PAHs has been linked with undesirable effects on public health [17-19]. In both gaseous and 
particulate forms the persistent organic pollutants (POPs) are transported in the atmosphere to short and long 
distances.  Even though some POPs are released gradually into the atmosphere [20], these omnipresent compounds 
are subjected to redistribution and transformation processes [21, 22].  
 
The Atmospheric deposition constitutes the foremost input of semi-volatile organic compounds to soil. Once these 
PAHs entered in the soil they build up in horizons rich in organic matter where they are liable to be retained for 
many years due to their persistence and hydrophobicity. Therefore, soil is a significant reservoir for these 
compounds and exchanges between soil and the atmosphere is to be broadly studied. Over the last few decades, with 
the increase in fossil fuel combustion, resulting from the industrial expansion, traffic and population growth, the 
atmospheric concentrations of PAH in Asian countries are anticipated to be high. Consequently, it is essential to 
acquire information about this environmental compartment and its role in micro pollutant cycle [23]. Table 1 
indicated the general properties of PAHs. 
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Table 1:  Properties of PAHs 
 

Sr. No. Property PAHs< 3 Rings PAHs> 4 Rings 
1. Water Solubility (mg/l) 32+0.07 0.26 + 0.0003 
2. Volatility 5.0E-2 +7.9 E-4 3.5E-4 + 2.2E-6 
3. Sorption Affinity 3.4 +4.6 5.2 + 7.7 
4. Condensation Temperature -50 + -10 -10 + 30 
5. Ecotoxicity + +/- 
6. Carcinogenicity - ++ 

7. Example 

Naphthalene (2 Rings) 
Acenaphthene (3 Rings) 
Fluorene (3 Rings) 
Anthracene (3 Rings) 

Pyrene (4 Rings) 
Chrysene (4Rings) 
Benzo(a)pyrene (5 Rings) 
Benzo(ghi) perylene (6 Rings) 

 
Risk to Human 
Human beings are exposed to PAH vapor or PAHs contained in dust and other particulate matter outdoors or indoors 
at the home or workplace in the ambient air. The cigarette smoke, vehicle exhaust, residential heating, agriculture 
burning, waste incineration, and emissions from industrial processes are the sources of human exposure to PAHs. 
The foremost exposures of the U.S. population to PAHs according to the United States Agency for Toxic Substances 
and Disease Registry (ATSDR), include the inhalation of tobacco smoke, wood smoke, and ambient air with PAHs 
from traffic emissions and consumption of food containing PAHs [40]. Many adverse affect on different types of 
organisms, including plants, birds, and mammals have been reported due to air with high concentrations of PAHs. A 
number of studies reported that there is a considerable positive correlation between mortality by lung cancer in 
humans and exposure to PAHs from exhaust from coke ovens, roofing-tar, and cigarette smoke. Some PAHs have 
been established to be carcinogenic in humans and experimental animals, and they are classified as carcinogenic 
materials by various organizations, including the United States Agency for Toxic Substances and Disease Registry 
(ATSDR), the International Agency for Research on Cancer (IARC), the Department of Health and Human Services 
(DHHS), the National Occupation Safety and Health Administration (OSHA), and the US-EPA 
 
 On the whole, the particle-bond carcinogenic PAHs are associated with small-size respirable particles in the 
atmosphere [24]. In common, effect of these chemicals administered to the lung as fine particulates, in aerosol form, 
are likely to be more bio-available than those administrated in solid matrices like food [25]. According to Menzieef 
al. [25] estimated potential doses of carcinogenic PAHs by inhalation range between about 0.02 µg/day and 3 
µg/day with a median value of 0.16 µg/day, which is nearly 20 times less than the calculated food dose and about 25 
times more than the potential dose with drinkable water. For humans, research shows [26] that air contribute 3-20% 
of total human exposure to PAHs and come in second position (after food) as a source of these pollutants. In some 
cases, where urban/industrial atmospheres contain the highest ambient concentrations of PAHs, air is a predominant 
exposure route [25]. Cigarette smoke can drastically contribute to potential PAH doses via inhalation (over 50% of 
total exposure) [36-39]. The ambient standards regarding exposure to PAHs refer usually to Benzo (a)Pyrene. For 
example in Germany and Poland permissible Benzo (a)Pyrene concentration in air as a daily exposure is 5 ng/m3 
and as a year exposure - 1 ng/m3. The similar atmospheric Benzo (a)Pyrene levels are accepted in the US (year 
exposure in the range 0.3-0.7 ng/m3) [27].  
 
Figure 2 indicated the risk and toxicity assessment of PAHs in our environment 
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Figure 2: A diagram which show how the risk assessment processes flow 

 
CONCLUSION 

 
Contemporary information on the concentrations, sources, effect and fate of PAHs in atmosphere were reviewed. 
The partitioning of these carcinogenic compounds in the environment is evaluated, with reference to the historical 
trends in PAHs emissions. In the end study concludes that we should form certain objectives and moral codes to 
handle environmental degradation. 
 
� Imparting Knowledge: We should impart knowledge concerning the problems individual can face because of 
Increasing PAHs. 
� Spreading Awareness: We should aware the individual as well as different social groups working for the 
Environment protection regarding the consequences of PAHs . 
� Developing Skills: We should develop the skills in the individuals to find out the problems related with PAHs 
and then the ways to solve those problems  
� Developing Attitude: To develop a positive attitude that it’s our responsibility to protect our planet Earth in every 
individual as well as the social groups working for Environment protection. 
� Active participation: We should encourage the active contribution of each and every individual to solve this issue 
pertaining growth of increasing PAHs to stop environmental degradation & human health problem. 
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