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Abstract

Polycyclic aromatic hydrocarbons (PAHs) are a class of ubiquitous, carcinogenic and persistent organic pollutants. As persistent
contaminants, they do not just pollute the immediate environment where they are released but travel from place to place. They have little
degradability and are capable of reacting with other pollutants in the environment to form worse contaminants. It is shown in this work that
PAHs are inevitably abundant in the sediment and water bodies as well as in fish. The concentration of PAHs in the aquatic environment could be
attributed to the pollutants from the terrestrial ecosystem which eventually finds their way into the water bodies as effluents or run-offs. Sources
and route source of some carcinogenic and mutagenic forms of PAHs were also considered and some notable and most dangerous PAHs were
also classified in terms of sources. Evidences of bio-accumulation of this carcinogen abound and this poses serious trait to the free existence of
living organisms both on land and in water. Combustion of oil, garbage, petroleum and petroleum products should be checkmated so as to reduce
the accumulation of PAHs emanating from anthropogenic activities because the major concentration of PAHs in the environment is credited to
anthropogenic source. Regular PAHs monitoring in the environment is advised and researchers should invest more energy towards discovering
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better and low cost effective means of PAHs contaminated air, soil and water remediation.

Introduction

The earth on which man lives is composed of the atmosphere,
lithosphere and hydrosphere which make up the biosphere. The
biosphere does not only sustain lives but also serves as a dump
site for all waste products which is recycled naturally without
negatively impacting on the biotas [1]. However, industrialization,
urbanisation, population increase and intensive agricultural
activities have overloaded it beyond its capacity causing
tremendous damage to the environment through the release of
toxic chemicals and materials [2]. Persistent organic pollutants
(POPs) are one of the toxic organic chemicals that are resistant
to degradation biologically or chemically and can last for many
years in the environment, travelling from point source to a very
long distance. They accumulate in the food chain causing harm
to both the environment and living organisms in it [3]. They
include but not limited to the following; polycyclic aromatic
hydrocarbons, polychlorinated biphenyls and organochlorine

pesticides. This review focuses on the prevalence of polycyclic
aromatic hydrocarbon on the aquatic environments with respect
to the risks associated with its exposure to aquatic lives.

Polycyclic Aromatic Hydrocarbons and Types

Polycyclic aromatic hydrocarbons (PAHs) are chemical
compounds consisting mainly of carbon and hydrogen. They
are composed of multiple aromatic rings [4]. PAHs are a group
of organic chemicals that occur naturally in coal, petroleum and
petroleum products like gasoline. They also occur artificially
through anthropogenic activities like combustion of oil, garbage,
coal etc. [5]. The major source of exposure to PAHs to living
organism is food and smoking followed by a minor contribution
from inhalation of ambient air [6]. Long term exposure to PAHs
could lead to serious health risks this is because their carcinogenic
and genotoxic effects on human health. However, PAHs are
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widely used in making products such as agricultural products,
pharmaceuticals, plastics, lubricants and many others which
become potential hazardsifthey escape during production process
into the environment or in industrial effluents [7]. Examples
of PAHs include the following 1H-Phenalene, Tryphenylene,
Perylene, Corannulene, Coronene, Ovalene [8]. The United State
Environmental Protection Agency (USEPA 2008) enlisted about
16 priority PAHs as highly potential hazards in the environment.

Table 1: PAHSs that are of great environmental concern.

Naphthalene,
flouranthene,

chrysene, benzo(b)flouranthene, benzo(k)
benzo(a)pyrene(B(a)P), dibenz(ah)anthracene.
dibenzo(a.e)pyrene and dibenzo(al)pyrene anthanthrene are
of particular note due to their carcinogenic and mutergenic
properties. However, benzo(a)pyrene has been identified to be
highly carcinogenic [9] and these prompted increasing concern
about the concentration of these health threatening chemicals in

the environment (Table 1).

Acenaphthene benz(a)anthracene Dibenzo[a,h]anthracene Mbenzo[k]flouranthene
Acenaphthylene Benzo(b)flouranthene Fluoranthene Naphthalene
Anthracene Benzo[gh,i]perylene Fluorene Phenanthrene
B[a]P Chrysene Indeno[1,2,3-cd]pyrene Pyrene
Sources of PAHs acute toxic, genotoxic, low carcinogenic compounds. Pyrogenic

Sources of PAHs are grouped into two namely; Petrogenic
and pyrogenic sources. Petrogenic sources are small, 2-3 rings,
emanating from petroleum and petroleum products. They are

PAHs are mainly larger, 4-6 rings compounds. They have lower
acute toxicity, high mutagenicity and carcinogenicity. Figure 1
Summarizes the sources of some selected polycyclic aromatic
hydrocarbons and their structures [10].

Group 1. Petrogenic source

Naphthalene

Group 2. Pyrogenic source

Dibenzo(a,l)pyrene

Figure 1: Structures of some selected PAHSs.
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Polycyclic aromatic hydrocarbons are also of natural sources
and anthropogenic sources 'V, Natural sources of PAHs include
volcanic eruption, natural forest fire, decomposition of organic
materials and oil seeps [11,12] Anthropogenic sources of PAHs
are mainly incomplete combustion of organic materials and fuels
(especially during industrial and domestic activities) example
combustion of natural gas, processing of coal and petroleum,
combustion of refuse, emission from motor vehicles, burning of
firewood during cooking and tobacco smoking. Anthropogenic
PAHs is the major source of PAHs. From the source of production,

PAHs are transported over a long distance. Study has shown that
benzo[g,h,i]perylene (rings>4) has low mobility, while pyrene and
benz(a)anthracene (4 ringed PAH) show relatively low mobility.
PAHs with 3 rings (anthracene and phenanthrene) show relatively
high mobility while those with 2 rings (naphthalene) have very
high mobility [13] which accounts for its persistent characteristic.
Aquatic environment happens to be the most unfortunate facet of
the ecosystem. Very many amount of the environmental pollutant
(air or land) empties into the water bodies either as atmospheric
deposit (wet or dry) or land runoff [14] (Figure 2).
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Prevalence of PAHS in Water and Sediments

Carcinogenic polycyclic aromatic hydrocarbons (PAH’s)
are one of the classes of compounds that their distribution in
aquatic environment has gained the interest of many researchers
perhaps due to their harmful effect to humans as well as aquatic
organisms [15]. Some published and unpublished works on
water environment reported varying levels of water bodies’
contamination with PAHs all over the world. Anthropogenic PAHs
have been reported as the major contributor to the concentration
of Aquatic PAHs, as a result of both industrial effluents, deposition
of airborne particles, surface runoff and oil spillage which enter
the aquatic environment, most of which accumulate in the bottom
sediments [16]. Research on polycyclic aromatic hydrocarbons in
water, sediment and fish from the Worri River at Ubeji Niger Delta,
Nigeria showed that the river was contaminated with PAHs from
possible oil spills from the refinery localized in that area. Out of
about 16 PAHs investigated in water, sediment and fish tissues
from Worri Rivers, 11 were identified in sediments and the rest
in fish and water [17].

[18] Distribution of about 17 PAHs in water and sediment of
Alau Dam in Borno State of Nigeria were determined. According
to the results, source analysis indicated pyrogenic origin of all
the PAHs. More so, PAHs levels in water samples were seen to be
below the maximum allowable concentration (MACs) of 0.005-
3.0mg L. Though the risk assessment of the subject in water
and sediment suggested a non adverse effects in the aquatic
ecosystem, there is a possible adverse effect as a result of the
persistency and accumulative nature if PAHs. [19] Some selected
polycyclic aromatic hydrocarbons were reported in muscles
of some samples of fish collected from Gonti river in India. The

result showed dominance of low molecular weight PAHs over
the high molecular weight PAHs. Naphthalene was reported as
the most prevalent compound detected and also has the highest
concentration in the samples. Some of the PAHs that were not
detected were; benzo[k]fluoranthene, benzo(a)pyrene, and
indeno(123-cd)pyrene + benzo(ghi)perylene. [20] The potential
sources and ecotoxicological risks of 26 aliphatic hydrocarbons
(AHs), 16 polycyclic aromatic hydrocarbons (PAHs) and total
petroleum hydrocarbons (TPHs) were investigated in coastal
water and sediments of Khark Island, SW Iran. Though the levels
of these eco potential hazards were detected to be low, consistent
environmental monitoring and control is recommended to
reduce the pollution burden of PAHs in seawater [21]. The
Distribution patterns of polycyclic aromatic hydrocarbons (PAHs)
in the sediments was analyzed by collecting samples of sediments,
monthly from eight shrimp shallow ponds for 6 months in wet
and dry seasons at Mai Po Marshes Nature Reserve, Hong Kong.
The results indicated that under wet season wet deposition and
suspended particulates brought in by nearby rivers, such as the
Peal River, served as an important source of PAHs entering Mai Po
Marshes. This takes into account of the fact that PAHs can travel
from place to place even from one country to another, in dry or wet
seasons [22]. Reported high concentration of 16 priority PAHs in
water sediments from Douro River estuary and nearby Atlantic
seacoast. The result showed that the global amount of PAHs
(X,,PAHs) was extremely high at all sampling sites. It showed
that their average concentrations attained ~ 55ng/L and » 52pg/g
dry weight (dw), in water and surface sediments respectively.
This could be as a result of the presence of oil refinery, intense
maritime traffic and other anthropogenic activities on the river as
reported in the work.
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[23] In another work, the levels and distribution of 24
polycyclic aromatic hydrocarbons were determined in six
water bodies along the coastal belt of Ghana. The average
total PAHs recorded were from Pra estuary 6.3ug/L; Benya
lagoon 7.5pg/L; Sakumono lagoon had 10.6pg/L and Narkwa
lagoon had 16.1pg/L. 12 PAHs were reported to have been well
distributed in all the coastal water analyzed, are: naphthalene,
pyrene, flourene. acephnaphthene, 2-methylphenanthrene,
2,6-dimethylnaphthalene, acephnaphthalene,
1-methylphenanthrene 2,3,5-trimethylnaphthalene, chrysene,
biphenyl and phenanthrene. Highly probable carcinogens like
benzo(b)flouranthene, benzo(a)anthracene and benzo(jk)
flouranthene were detected in some of the water bodies [24]. In
another work, the contamination and toxicity level of 18 polycyclic
aromatic hydrocarbons were evaluated in the sediments of
langkaawi. Concentration of total PAHs were found to range from
869 + 00to1637 + 20ngg™ with a mean concentration of 1167.00
+ 24ngg™, lower than the SQG affects range-low (3442ngg). The

results showed non acute biological damage effect.

Bioconcentration of Polycyclic Aromatic Hydrocarbons
in Fish Species

[25] PAHs levels were reported in two commercially important
fish species from crude oil polluted waters of Ogoniland, Nigeria,
namely: Tilapia queneesis and Liza falcipinis. Though the PAHs
level ranged from below detection limit of 0.0001 to 120} 1.18ug/
kg wt/wt and 0.0001 to 78.6} 1.28ng/kg wet wt in both fish
respectively, highest average concentration was recorded for
Benzo[b] Fluoranthene. High molecular weight PAHs (HMW-
PAHs) were generally predominant compared to low molecular
weight PAHs (LMW-PAHs).

[26] The levels of polyaromatic hydrocarbons in processed fish
samples namely, Smoked Fish (SF), Sundried (SD) and fried (FD)
marketed in Makurdy, Benue state, Nigeria. The six-membered
ring PAHs in smoked fish was 32.07% (with Bezo(ghi)perylene as
most dominant). The result also showed high levels of six member
ring PAHs (Dibenz(a,h) anthracene) in Sundried fish while
fried fish contain Dibenz(ah) anthracene. Similarly. In another
development, [11] five different fish samples, fresh and smoked,
bought from Mushin market in Lagos State, Nigeria, were sampled
for polycyclic aromatic hydrocarbon (PAH) contaminants. The
levels of PAHs ranged from 0.004pg/kg for acenaphthene in dry
M. pontassou to 2.275ug/kg for phenathrene in dry S. scombrus...
Smoking increased the levels of PAHs in the fish samples. These
results show that PAH levels in the fish samples are higher than the
permissible limit set by the World Health Organization (WHO) and
the Agency for Toxic Substances and Disease Registry (ATSDR).
The implications of these contaminants in the environment
together with their associated health hazards are also examined.
[27] In consonance with aforementioned findings, a research
conducted on the levels of polycyclic aromatic hydrocarbons in
fresh fish and smoked body parts of Clarias gariepinus in Nigeria

and also the effects of smoking on the PAH level. From the result,
The mean PAHs concentration ranged from 0.0005pg/kg [indeno
(1,2,3-cd)pyrene] to 2.24ug/kg (fluoranthene, pyrene) and
0.0009ug/kg [indeno(1,2,3-cd)pyrene] to 10.2 ug/kg (pyrene) for
fresh and smoked fish samples respectively. The result revealed
that high significant PAHs levels in smoked fish than in fresh fish.

[28] Another researcher took another dimension to assess
the contamination level of PAHs in sprats and also observed the
changes in its levels during storage in various types of packaging.
The result had it that the amount of polycyclic aromatic
hydrocarbons (PAHs) in smoked sprats varies from the level
below the lowest detection limit in muscles up to 9.99ug kgtV of
benzo[a]pyrene (BaP) in fish skin while mean BaP level was at
1.69ug kgtY. Analysis of the packaging used showed a significant
increase in the level of 16 PAHs. Results from the analysis of high-
density polyethylene packaging showed six fold increases in the
total 16 PAHs compared to the blank sample.

[29] Human healthrisksassessmentofpolycyclichydrocarbons
in smoked fish species from markets in southern Nigeria was
carried out. The analysis showed varying levels of PAHs congeners
in the fish tissues with the highest total concentration in Scomber
scombrus. Highly ranked PAH-carcenogen, benzo(a)pyrene was
observed in Clarias gariepinus and Ethmalosa fimbriata with
values above the guideline value of 0.05mg/kg. the result showed
Dietary Daily Intake (DDI) values of individual PAH congeners
above the recommended reference dose for all the fish species. The
carcinogenic toxic equivalents (TEQ) indicated that consumption
of E. fimbriata has a higher potential to cause carcinogenic risks.
TEQ values for all the fish species were above the estimated
screening value (SV) of 0.022mg/kg, while the estimated excess
cancer risk (ECR) and PAHs index exceeded threshold values
indicating potential carcinogenic risk from consumption. [30]
Polycyclic Aromatic Hydrocarbons were assessed among 5 fish
species from Mumbai Harbour, India out of which mandeli, coilia,
dussimieri, had the maximum concentration, followed by
doma, otolithes ruber. The result from the study showed that, the
concentration total and carcinogenic PAHs ranged from 17.43
to 70.44ng/gwetwt. and 9.49 to 31.23ng/g wet wt, respectively.
According to repport, fish from Mumbai in India as at the time of
this research pose potential cancer risk. This work also confirmed
the ubiquitous and persistence nature of PAHs.

Conclusion

As man’s quest for comfort in his ecosystem increases,
the resultant impacts of his innovations and activities on the
environment become inevitable. The presence of PAHs in fish,
water and sediments of the aquatic environment was reported
in this review and this information can’t be neglected. The
concentration of PAHs has direct relationship with human
activities. A continuous environmental monitoring and control of
PAHs in the environment for sustainable development is advised.
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