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ABSTRACT

Five different fish samples (mackerel (Scomber scombrus), tilapia (Oreochromis niloticus), croaker (Micropogonias unduletus), herring
(Clupea harengus), horse mackerel (Trachurus trachurus) and blue whitting (Micromesistus pontassou)), 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 0.004 pg/kg for acenaphthene in dry M. pontassou to 2.275 pg/kg for phenathrene in dry S. scombrus. Florene, phenathrene,
anthracene and fluoranthene were detected in all the fish samples. Indeno (123) perylene, dibenzo (ah) anthracene and benzo (ghi)
perylene were not found in any of the fish samples. 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 asso-

ciated health hazards are also examined.
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INTRODUCTION

Polycyclic aromatic hydrocarbons (also called PAH, PAHs,
PAH’S, polyaromates, polyaromatic hydrocarbons) are a
group of over 100 different chemicals that are formed during
the incomplete burning of coal, oil and gas, garbage, or
other organic substances like tobacco or charbroiled meat
(Amoako et al. 2011; Ni et al. 2011; Halek et al. 2010).
PAHs are also manufactured for use in the pesticide, phar-
maceutical and dye making industries; they are ubiquitous
being present in soil, water air and food (Zhu et al. 2004;
Zohair 2006) and pose a serious concern to the health of
aquatic life and humans through bioaccumulation (Okafor
and Opuene 2007; Fagbote and Olaufekum 2010; Lee and
Byeon 2010). They are hydrophobic and can be readily
adsorbed onto particulate matter, thus bio-accumulate in the
environment; hence, coastal and marine sediments become
the ultimate sinks for such compounds (Yu et al. 2005;
Osuji and Ezeburio 2006). They are an important class of
environmental pollutants that are potent mutagens and car-
cinogens (Oleszczuk 2006; Peruguni et al. 2007; Yusuf et
al. 2007) and immunotoxic (Sokhn et al. 2001; Reynaud
and Deschaux 2006). When in contact with the skin of mice,
several carcinogenic PAHs have also been shown to interact
with the immune system, stimulating immune responses
and resulting in the development of antigen-specific T-cell-
mediated immunity (Yusuf et al. 2007). However, the
effects of PAHs on both specific and non-specific immunity
are contradictory and depend on the mode of exposure, the
dose used or the species studied (Reynaud and Deschaux
2006).

PAHs are produced by burning jet fuel and are also found
in emissions from generators and motor vehicles (Kumar
and Kothiyal 2011). It is well known that PAHs are formed
in large quantities as the result of secondary thermochemi-

cal reactions at temperatures over 700°C (Ledesma et al.
2002). Also, the formation of these compounds during
gasification and combustion have been reported (Mastral
and Callean 2000; Richter and Howard 2000). They gene-
rally occur as complex mixtures and some PAHs are manu-
factured. When pure, PAHs usually exist as colourless,
white or pale yellow-green solids (Ames et al. 1990). PAHs
are found in coal tar, crude oil, creosote and roofing tar but
a few are used in medicines or to make dyes, plastics and
pesticides (Ames et al. 1990). Others are contained in as-
phalt used in road construction. They can also be found in
the environment, in the air, water and soil, hence are said to
be ubiquitous and are found in almost all foods (RAS 2004;
Zhu et al. 2004). Polycyclic aromatic hydrocarbons are pro-
duced when any incomplete combustion occurs (Lijinsky
1991). Thus, they are found in polluted air, cooking oil
fumes, tobacco smoke, smoked foods (Gomaa et al. 1993),
and foods cooked at high temperature (Ledesma et al. 2002).
It has been noted that even air pollution usually contains
many fewer PAHs than what a smoker breathes, and infact
much less than the average level of PAHs in food (Wick-
strom 1986; Lodovici et al. 1995). Even raw food can con-
tain PAHs, due to air pollution (ATSDR 1995; Lin et al.
2005)

The agency for toxic substances and disease registry
(ATSDR 1995) in a paper; Toxicological profile for PAHs,
summarized as shown below what happens to polycyclic
aromatic hydrocarbons when they enter the environment.

e PAHs enter the air mostly as releases from volcanoes,
forest fires, burning coal, and automobile exhaust.

® PAHs can occur in air attached to dust particles.

e Some PAH particles can readily evaporate into the air
from soil or surface waters.

e PAHs can break down by reacting with sunlight and
other chemicals in the air, over a period of days to
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weeks.

PAHs enter water through discharges from industrial
and wastewater treatment plants.

Most PAHs do not easily dissolve in water. They stick
to solid particles and settle to the bottoms of lakes or
rivers.

Microorganisms can break down PAHs in soil or water
after a period of weeks to months.

In soils, PAHs are most likely to stick tightly to parti-
cles; certain PAHs move through soil to contaminate
underground water.

PAHs contents of plants and animals may be much
higher than PAHs contents of soil or water in which
they live.

This means that, there is the tendency of PAH bioac-
cumulation in tissues of animal and plants. Thus, as we go
up the food pyramid, the concentration of PAHs increases.
Some PAHs were chosen by U.S EPA (Luch 2005) to be
analyzed in the environment (water, soil, air and food)
because; more information is available on these PAHs than
on the others; they are suspected to be more harmful than
some of the other PAHs; they exhibit harmful effects that
are representative of the PAHs; there is a greater chance that
we are exposed to these PAHs than to the others; and of all
the PAHs analyzed, these were the PAHs identified at the
highest concentrations at hazardous waste sites. The com-
mon PAHs are acenaphthylene (Ace Naph), acenaphthene
(Ace Nap), fluorene (Flu), phenanthrene (Phen), anthracene
(Anth), fluoranthene (Flan), pyrene (Pyr), benzo (a) an-
thracene (B(a)A), chrysene (Chry), benzo (b) fluoranthene
(B(b)F), benzo (k) fluoranthene (B(k)F), benzo (a) pyrene
(B(a)P), dibenzo (ah) anthracene (Dib(ah)A), benzo (ghi)
perylene (B(ghi)P), indeno (123-cd) pyrene (IP) (ATSDR
1995; Kumar and Kothiyal 2011). Animal studies have also
shown that polycyclic aromatic hydrocarbons can cause
harmful effects on the skin, body fluids and ability to fight
disease (Knasmiiller ef al. 1992; Murphy et al. 2003; Mor-
gan et al. 2006). Some PAHs are also known to be carcino-
genic (Beier and Nigg 1994; ATSDR 1995), by interacting
with the genetic material in the cell (Elmets et al. 1998;
Takeda et al. 2003). Hence, as a result of some PAHs being
declared priority pollutants in some countries (Atagana
2009), it is important to understand the fate of these com-
pounds in the environment.

Mushin is a thickly populated area (of course, just like
most other areas) in Lagos Nigeria, with an average popu-
lation that lives below the poverty level. The residents are
mostly petty traders, drivers and job seekers, who depend
largely on the cheap and abundant seafood, one of which is
fish, smoked and sold by the roadside. This gave rise to this
study, to ascertain the levels of PAHs in both the fresh and
smoked fish samples found in the area. This work also helps
to find out the effect of smoking fish samples and the risk of
exposure on these residents as they consume these fishes
almost on daily basis.

MATERIALS AND METHODS
Collection of fish samples

Freshly caught fish samples (n=6) and smoked (or dried) fish sam-
ples (n=6) were bought randomly from the popular Mushin market
Lagos Nigeria in July, 2006. These fish samples as explained by
the sellers were obtained from fishermen from the Lagos lagoon.
The following fish samples that were bought were properly iden-
tified at the Department of Animal and Environmental Biology,
Abia State University, Uturu Nigeria, as mackerel (Scomber scom-
brus), tilapia (Oreochromis niloticus), croaker (Micropogonias
unduletus), herring (Clupea harengus), horse mackerel (Trachurus
trachurus) and blue whitting (Micromesistus pontassou). The sam-
ples were stored below 4°C in a refrigerator until use (within 5
days).
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Extraction and analysis of samples

Each set of fish samples (2 kg) were dissected and the muscle tis-
sue were removed and dried in an electric oven at 70-80°C for 3
days. After that the samples were powdered in a grinder and a
homogenized powder was made (Anyakora ez al. 2005). 10 g of
homogenized sample were added to a 50 mL solvent of 50: 50 of
acetone and methylene chloride mixture in a solvent rinsed beaker.
The mixture was spiked with 1.0 mL of the surrogate mix. The
sample was placed in a sonicator and sonicated at 20 kHz for
about 10-15 min at about 70°C. 10 g of anhydrous sodium sul-
phate was added to sample until a clear extract developed. The
extract solvent was poured into a round bottom flask. Additional
50 mL of solvent mix was used to sonicate and another round of
clear solvent decanted into the same round bottom flask. The ex-
tract was concentrated, exchanged with hexane and re-concentra-
ted to 1 to 3 mL. The sample was then fractionated into aliphatic
and aromatic fractions using columns packed with 10 g of silica
gel of 100-200 meshes, preconditioned (baked) at 105°C overnight.
The silica gel was mixed with hexane to form slurry. Afterwards,
the sample was analyzed (in duplicates) for PAHs using Gas Chro-
matography/mass spectrometer (GC/MS), model GIS30A.

RESULTS AND DISCUSSION

The results of the concentrations of PAHs in fish samples
bought from Mushin market that were analyzed are shown
in Table 1. The results show that some PAHs were not
detectable in some fish samples. Also, it could be seen that
mostly the 3-4 rings PAHs were predominant in all the
samples analyzed. From Table 1, the highest levels of PAHs
were found for Phen, 2.275 pg/kg in S. scombrus dry; 0.594
pg/kg in C. harengus dry and for Chry 1.505 pg/kg in S.
scombrus dry. Flu, Phen, Anth and Flan were found in all
the fish samples analyzed. B(b)F was found only in M.
unduletus dry and C. harengus dry; B(a)P was found in S.
scombrus dry, M. unduletus dry, M. pontassou dry and O.
niloticus dry. IP, Dib(ah)A and B(ghi)P were not dictated in
any of the fish samples analyzed. From the results for the
total PAHs in the fish samples, it could be seen that for the
wet fish samples, S. scombrus had the highest value of
1.423 pg/kg and the trend for the occurrence of the PAHs in
the wet fish samples is S. scombrus > O. niloticus > M. pon-
tassou > T. trachurus > M. unduletus > C. harengus. Gene-
rally, the total values obtained were higher than the WHO
guidelines using B(a)P as an example. The WHO standards
for B(a)P in drinking water is 0.7 pg/L (WHO 2003).

Phen has been reported as being one of the more water-
soluble PAHs than the higher molecular weight PAHs (Zo-
hair 2006). Thus, these more water soluble PAHs becomes
more susceptible to uptake by the fishes as dissolution is
much higher in water, as seen from the results of this study.
PAHs have been reported in water samples of Lagos lagoon
(Anyakora et al. 2004); and other marine samples (Anya-
kora et al. 2005). Also, PAHs have been investigated in
other samples such as tea leaves (Lin et al. 2005); Italian
vegetables (Lodovici et al. 1995); sediments (Yunker et al
1996; Benlahcen ef al. 1997; Baumard et al 1998); mussels
(Baumard et al. 1998) and Egyptian vegetables (Zohair
2006). The distribution behaviour of polycyclic aromatic
hydrocarbons in roadside soils at traffic intercepts within
developing cities such as Kota Bharu Malaysia (Fadzil et al.
2008), Delhi airport soil data India (Sharmila ez al. 2007)
and Jalandhar India (Kumar and Kothiyal 2011) have been
reported. In all these reports, PAHs have been implicated in
the contamination of the samples. Reports indicates that the
Lagos lagoon is fairly contaminated with PCBs and DDTs,
higher than what is obtained in most developed countries
(Osibanjo 1994) and suggesting agricultural and industrial
activities as sources of contamination in the lagoon (Ade-
yemi et al. 2009). The pollution of the Lagos lagoon by
urban and industrial waste is a major problem as the large
population depends on it for potable and recreational water,
as well as a source of cheap and affordable protein in form
of fish (Adeyemi ef al. 2009).
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Table 1 Concentration of polycyclic aromatic hydrocarbons in fish samples boughfrom Mushin market, Lagos. & =~ =
COMPONENT < < . s < < S S . %
S g 3 3 g S 3 S 5 5 < 5
S~ S ~ S ~ g S o S S ~ = = = S ~ S
29 S = =3 < 3 = R ] = < EE &
v ¥=T =2 S&g <& O Sz S& < S SR
Naphthalene 0.308 ND 0.079 ND ND ND 0.059 ND ND ND 0.092 ND
2-Methy naphthalene ND ND 0.175 ND ND ND 0.068 ND ND 0.254 0.194 ND
Acenaphthalene ND 0.034 0.024 ND ND 0.035 0.018 ND ND ND 0.100 ND
Acenaphthene ND 0.591 0.037 ND ND 0.065 0.004 ND ND 0.116 0.183 0.072
Florene 0.315 0.618 0.078 0.220 0.150 0.047 0.215 0.269 0.225 0.028 0.106 0.142
Phenathrene 0.244 2275 0.214 0.284 0.027 0.594 0314 0.421 0.423 0.218 0.053 0.116
Anthracene 0.023 0.031 0.158 0.043 0.115 0.066 0.092 0.230 0.221 0.036 0.154 0.072
Fluoranthene 0.101 0.247 0.154 0.029 0.117 0.347 0.408 0.212 0.199 0.211 0.071 0.283
Pyrene 0.155 0.170 0.149 ND ND 0.163 0.457 ND ND 0.805 0.994 0.156
Benzo(a)anthracene 0.217 0.425 0.038 0.075 ND 0.157 ND ND ND ND 0.485 0.165
Cyrsene ND 1.505 0.029 ND ND 0.124 ND ND ND ND 0.215 ND
Benzo(b)fluoranthrene ND ND 0.035 ND ND 0.079 ND ND ND ND ND ND
Benzo(a)pyrene ND 0.273 0.057 ND ND ND 0.161 ND ND 0.155 ND ND
Benzo(k)fluoranthrene 0.062 ND 0.237 0.129 ND 0.179 ND 0.068 0.188 0.063 0.030 0.116
Indeno (1,2,3-cd) pyrene  ND ND ND ND ND ND ND ND ND ND ND ND
Dibenzo(a,h)anthracene ~ ND ND ND ND ND ND ND ND ND ND ND ND
Benzo(g,h,i) perylene ND ND ND ND ND ND ND ND ND ND ND ND
Total PAHs (ng/Kg) 1.423 6.170 1.463 0.780 0.409 1.967 1.795 1.200 1.256 1.885 2.677 1.123

ND: Not detectable

The use of the molecular ratios of specific PAHs has
been reported in the investigation of the sources of PAHs
into the environment (Lin ef al. 2005). For example, a ratio
of fluoranthene to pyrene concentrations (Flu/Pyr) greater
than 1.0 were reported as characteristic of pyrolitic origin,
whereas ratio less than 1.0 was characteristic of petroleum
hydrocarbons (Baumard ef al. 1998; Zohair 2006). On the
other hand, a ratio of phenanthrene to anthracene (Phen/
Anth) less than 10 suggested combustion sources, while
Phen/Anth greater than 10 implied petrogenic sources (Yun-
ker et al. 1996; Benlahcen et al. 1997; Zohair 2006). From
our results, the calculation of Flu/Pyr and Phen/Anth in the
fish samples indicated that PAHs resulted mainly from
incomplete combustion products via pyrolytic processes
and combustion processes in addition to atmospheric fall
out of automobiles exhausts fumes. This is similar to the re-
sults of Zohair (2006), who reported that the contamination
of Egyptian vegetables by PAHs also resulted mainly from
incomplete combustion products via pyrolytic processes
and combustion processes in addition to atmospheric fall
out of automobiles exhausts fumes.

A lot of research have been carried out to ascertain the
chemistry, reactivity, and toxicity of PAHs which include;
the infrared spectra of PAHs (Hudgins and Sandford 1998;
Langhoff et al. 1998; Allamandola et al. 1999); the chemis-
try of PAHs and PAHs in extraterrestrial materials (Alla-
mandola et al. 1987; Bernstein et al. 1999); the ultravio-
let/visible spectra of PAHs (Salama and Allamandola 1991;
Du et al. 1993; Salama et al. 1994; Romanini et al. 1999;
Salama 1999). In all these, researchers established the reac-
tions, mutagenicity and carcinogenicity of PAHs. Also, the
degradation of PAHs in the environment has been exten-
sively studied and documented in the literature and a large
diversity of microorganisms, including bacteria and fungi,
are capable of oxidizing or mineralizing a range of PAH
(Daane et al. 2002). It has been reported that the fate of
PAHs in the environment is associated with both abiotic and
biotic processes (Kumar and Kothiyal 2011), including
volatilization, photooxidation, chemical oxidation, bioac-
cumulation and microbial transformation and that microbial
activity has been deemed the most influential and signifi-
cant cause of PAH removal (Haghighat et al. 2008; Nwuche
and Ugoji 2008; Agbozu and Opuene 2009; Atlas and Bragg
2009; Arulazhagan et al. 2010).
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Effect of smoking

It has been established that there are two major sources of
PAHs formation in foods. The first source is mainly due to
the method of food preparation while the second major
source of contamination of foodstuffs is by contact with
either petroleum products or coal tar products (Zohair 2006).
Hence, the method of smoking the fish samples with char-
coal and kerosene fraction of petroleum products, either
way will contribute and result to increase in the level of
PAHs in the smoked fish samples.

The effect of smoking is clearly seen from Table 1. For
example, whereas some of the PAHs are non-detectable in
the wet samples, they were found in the dry (smoked) sam-
ples of the fish species. Also, the total amount of the PAHs
levels in the dry or smoked fish samples increased more
than that for the wet samples. This means that smoking the
fish samples definitely was responsible for the introduction
of the various PAHs in the fish samples. Therefore, PAHs,
which ordinarily would not have been contacted by eating
the wet or fresh fish, now contains PAHs as a result of smo-
king. This implies that the residents of Mushin, who are
fond of eating smoked fish sold along the streets, are at risk
of the problems associated with PAHs. S. scombrus still had
the highest level of PAHs with the trend for the dry or
smoked fish samples as S. scombrus > T. trachurus > C.
harengus > O. niloticus > M. pontassou > M. unduletus.

The effect of smoking on different types of food and
food products have been investigated by several workers;
these includes; polycyclic aromatic hydrocarbons in smoked
food products and commercial liquid smoke flavorings
(Gomaa et al. 1993); the effect of cooking time and analysis
of cooked muscle meat (Knize 1994; Knize et al. 1997); the
influence of fried meat and fiber on cytochrome P-450
mediated activity of mutagens in rats (Lindeskog et al.
1988); mutagens and carcinogens formed by cooking meat
and fish (Sugimura 1990). It was found that the method of
cooking and length of time of smoking is a factor in the
PAHs content. Also our results show that smoking increased
the level of PAHs in fish.

Toxic potential

Studies have shown that the effects of polyaromatic hydro-
carbons cannot be overemphasized (Lijinsky 1991; Gomaa
et al. 1993; Lodovici et al. 1995). They do not degrade
easily and are widespread in the environment, including at
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low levels in food. Some PAHs, in particular B(a)P, and
7,12-dimethylbenz(a) anthracene (DMBA), have a potential
to cause cancer by interacting with the genetic material in
the cell (Jagerstad and Skog 1991). PAHs toxicity is very
structurally dependent, with isomers (PAHs with the same
formula and number of rings) varying from being nontoxic
to being extremely toxic. The number of benzene rings pre-
sent in the structure of a PAH affects its physical and che-
mical properties such as solubility, which is very important
for bioavailability. The larger the number of rings, the more
recalcitrant the compound becomes (Atagana 2009). One
PAH compound, B(a)P, is notable for being the first chemi-
cal carcinogen to be discovered (and is one of many car-
cinogens found in cigarette smoke). PAHs known for their
carcinogenic, mutagenic and teratogenic properties are
B(a)A, Chry, B(b)F, B(j)F, B(k)F, B(a)P , B(ghi)P, coronene,
Dib(ah)A, IP and ovalene (Luch 2005) Several of the PAHs,
including B(a)A, B(a)P, B(b)F, B(j)F, B(k)F, Chry, Dib(ah)A,
and IP, have caused tumors in laboratory animals when they
breathed these substances in the air, when they ate them, or
when they had long periods of skin contact with them
(ATSDR 1995). Studies of people show that individuals ex-
posed by breathing or skin contact for long periods to mix-
tures that contain PAHs and other compounds can also
develop cancer. Skin tumors induced by carcinogenic PAHs
express tumor specific antigens that elicit a cell-mediated
immune response. Immunotherapeutic approaches that tar-
get these tumor antigens have been effective at producing
tumor regression in experimental animal systems, and clini-
cal trials evaluating tumor vaccines in melanoma and other
human malignancies have been effective at controlling the
growth of these tumors (Morgan et al. 2006).

The primary human contact with PAHs is through in-
gestion and inhalation. Although dermal contact with PAHs
occurs, it is relatively unimportant under normal circum-
stances (Skog 1993). Just like other lipid-soluble compounds,
PAHs are generally well absorbed, but are briefly stored in
the body, primarily in the kidney, liver and spleen. Most of
the absorbed dose is then excreted into the bile and even-
tually into the faeces and to a much lesser extent the urine.
Most of the PAHs are excreted in their metabolized forms
and only very small amounts of the parent compounds find
their way into the faeces and urine.

PAHs are relatively inert compounds that are metabo-
lized via cytochrome P 450-dependent mono-oxygenases
(Mukhtar 1984). Reactive intermediates, rather than the
parent compound are the agents that bind to DNA (Rohr
and Scheele 1983; Mukhtar 1984), and it is a diol expoxide
metabolite that is the actual mutagenic and carcinogenic

HO'
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OH

-dihydroxy-epoxide

moiety. For example, B(a)P is converted to the diol through
Reaction I. The intermediate, an epoxide (benzo(a)pyrene-
7,8 oxide) undergoes nucleophilic substitution, a reaction
that opens the epoxide ring to give a product that contains
two functional groups. Since this reaction is in aqueous
solution, then the product is a diol (benzo(a)pyrene-7,8 di-
hydro-7,8-diol) (Mukhtar 1984). Then from there, some of
the diols undergo further epoxidation in a regioselective and
stereoselective way to yield dihydroxy epoxides. This is
shown as Reaction II. It is these dihydroxy epoxides that
are believed to be the actual carcinogens formed by meta-
bolism of polycyclic aromatic hydrocarbons.

PAHs also have significant interactions with the im-
mune system (Teel ez al. 1985; Knasmiiller et al. 1992).
DMBA, B(a)P, and 3-methyl cholanthrene are all contact
allergens when applied to the skin (Beier and Nigg 1994).
Like several other contact allergens, induction of contact
hypersensivity to DMBA requires langerhan cells and is
mediated by CD8" cells (Knasmiiller et al. 1992). Further-
more, the same enzymatic pathways that are required for
the mutagenic and carcinogenic activities of PAHs must
also be fully operational for contact sensitization to occur
(Beier and Nigg 1994).

Again, some rodents exposed to high doses of PAHs
have been reported to die after a short-term exposure. But
no deaths have been reported from the short-term occupa-
tional exposures in humans (Skog 1993). It has also been
believed that environmental levels are generally much
lower than occupational exposures, so that short-term expo-
sure may likely cause death in human going by the envi-
ronmental fate. Workers occupationally exposed to PAHs
are prone to eye irritation, photophobia, and skin toxicity
such as dermatitis and keratosis (Bleumink 1970).

CONCLUSION

The results of this experiment show high levels of PAHs in
fish samples from Mushin area of Lagos Nigeria. The
results show that, although PAHs occur in the environment -
which explains its presence in fresh fish samples-smoking
the fish introduces PAHs where they were not detected ori-
ginally and increases their levels where they occur already.
There is no doubt that the exposure to PAHs can have ad-
verse effect on humans by some of the PAHs being carcino-
genic, causing skin and sight problems among others. They
can also affect the male and female reproductive systems.
Therefore, the residents of Mushin area of Lagos Nigeria
are bound to be contaminated by PAHs and hence suffer the
adverse effects in the long run. We would also suggest here
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that some of the residents need to be sampled to ascertain
the level of PAHs in their system. This will help to confirm
the level of contamination on the residents as we believe
they could also pick-up PAHs from consumption of smoked
plantains which is also one of their favorite foods. Also,
PAHs are known to be contained in other foods and fruits.
We recommend here that further work need to be done on
determination of polyaromatic hydrocarbons in bread, vege-
table, fruits, meats, cereals, flour, etc, found in the area.
Such results will help to quantify on a larger scale the ex-
tent of PAHs contaminated food around the area.

REFERENCES

Adeyemi D, Ukpo G, Anyakora C, Uyimadu J (2009) Polychlorinated biphe-
nyls in fish samples from Lagos lagoon, Nigeria. African Journal of Biotech-
nology 8 (12), 2811-2815

Agbozu IE, Opuene K (2009) Occurrence and diagenetic evolution of perylene
in the sediments of Oginigba Creek, Southern Nigeria. International Journal
of Environmental Research 3 (1), 117-120

Agency for Toxic substances and Disease Registry (ATSDR) (1995) “Toxico-
logical Profile of Polycyclic aromatic hydrocarbons PAHs”. Atlanta, G.A:
U.S. Department of Health and Human Services, Public Health Service

Allamandola LJ, Hudgins DM, Sanford SA (1999) Modeling the unidentified
infrared Emission with combinations of polycyclic Aromatic hydrocarbons.
Astrophysics Journal (Letters) SII, L115-L119

Allamandola LJ, Sandford SA, Wopenka B (1987) Interstellar polycyclic aro-

matic hydrocarbons and carbon in interplanetary dust particles and meteorites.

Science 237, 56-59

Ames BN, Profet M, Gold LS (1990) Nature's chemicals and synthetic chemi-
cals: Comparative toxicology. Proceedings of the National Academy of Scien-
ces USA 87, 7782-7786

Amoako J, Ansa-Asare OD, Karikari AY, Dartey G (2011) Levels of poly-
cyclic aromatic hydrocarbons (PAHs) in the Densu River Basin of Ghana.
Environmental Monitoring and Assessment 174 (1-4), 471-480

Anyakora CA, Ogbeche KA, Unyimadu J, Olayinka K, Alani R, Alo B
(2004) Determination of polynuclear aromatic hydrocarbons in the water
sample of the Lagos lagoon. Nigerian Journal of Pharmacy 35, 35-39

Anyakora CA, Ogbeche KA, Palmer P, Coker H (2005) Determination of
polynuclear aromatic hydrocarbons in the marine samples of Siokolo fishing
settlement. Journal of Chromatography A 1073 (1-2), 323-330

Arulazhagan P, Vasudevan N, Yeom IT (2010) Biodegradation of polycyclic
aromatic hydrocarbon by a halotolerant bacterial consortium isolated from
marine environment. International Journal of Environmental Science and
Technology 7T (4), 639-652

Atagana HI (2009) Biodegradation of PAHs by fungi in contaminated-soil con-
taining cadmium and nickel ions. African Journal of Biotechnology 8 (21),
5780-5789

Atlas R, Bragg J (2009) Bioremediation of marine oil spills: When and when
not-the Exxon Valdez experience. Microbial Biotechnology 2 (2), 213-221

Baumard P, Budzinski H, Garrigues P (1998) Determination of polycyclic
aromatic hydrocarbons (PAHs) in sediments and mussels of western Mediter-
ranean Sea. Environmental Toxicology and Chemistry 17, 765-776

Beier RC, Nigg HN (1994) Toxicology of naturally occurring chemicals in
foods. In Hui Y.H, Gorham JR, Murrell KD, Cliver DO (Eds) Foodborne
Disease Handbook (Vol I1I) Diseases Caused by Hazardous Substances, Mar-
cel Dekker Inc., New York, pp 1-186

Benlahcen KT, Chaoui A, Budzinski H, Garrigues PH (1997) Distribution
and sources of polycyclic aromatic hydrocarbons in some Mediterranean
coastal sediment. Marine Pollution Bulletin 34, 298-305

Bernstein MP, Sandford SA, Allamandola LJ, Gillete JS, Clemett SJ, Zare
RN (1999) UV irradiation of polycyclic aromatic hydrocarbons in ices: Pro-
duction of alcohols, quinones and ethers. Science 283, 1135-1138

Bleumink E (1970) Food allergy: The chemical nature of the substances eli-
citing symptoms. Word Review of Nutrition and Dietetics 12, 305-570

Daane LL, Harjono I, Barns SM, Launen LA, Palleroni NJ, Haggblom
MM (2002) PAH-degradation by Paenibacillus sp. and description of Paeni-
bacillus Naphthalenovorans sp. nov., a naphthalene degrading bacterium
from the rhizosphere of salt marsh plants. International Journal of Syste-
matic and Evolutionary Microbiology 52, 131-139

Du P, Salama F, Loew GH (1993) Theoretical study on the electronic spectral
of a polycyclic aromatic hydrocarbon, naphthalene and its derivatives. Che-
mical Physics 173, 421-437

Elmets C, Athar M, Tubesing K, Rothaupt D, Xu H, Mukhtar H (1998) Sus-
ceptibility to the biological effects of polyaromatic hydrocarbons is influ-
enced by genes of the major histocompatibility complex. Proceedings of the
National Academy of Sciences USA 95, 14915-14919

Fagbote EO, Olanipekun EO (2010) Levels of polycyclic aromatic hydrocar-
bons and polychlorinated biphenyls in sediment of bitumen deposit impacted
area. International Journal of Environmental Science and Technology 7 (3),
561-570

34

Gomaa EA, Gray JI, Rabie S, Lopez-Bote C, Booren AM (1993) Polycyclic
aromatic hydrocarbons in smoked food products and commercial liquid
smoke flavourings. Food Additives and Contaminants 10 (5), 503- 521

Haghighat S, Akhavan Sepahy A, Mazaheri Assadi M, Pasdar H (2008)
Ability of indigenous Bacillus licheniformis and Bacillus subtilis in microbial
enhanced oil recovery. International Journal of Environmental Science and
Technology 5 (3), 385-390

Halek F, Keyanpour-rad M, Kavousi A (2010) Dependency of polycyclic aro-
matic hydrocarbon concentrations on particle size distribution in Tehran
atmosphere. Toxicological & Environmental Chemistry 92 (5), 841- 853

Hudgins DM, Sandford SA (1998) Infrared spectroscopy of matrix-isolated
polycyclic aromatic hydrocarbons 1. PAHs containing 2 to 4 rings. Journal of
Physical Chemistry 102, 329-343

Jigerstad M, Skog K (1991) Formation of meat mutagens. In: Friedman M
(Ed) Nutritional and Toxicological Consequences of Food Processing, Ple-
num Press, New York, pp 83-105

Knasmiiller S, Kienzl H, Huber W, Schulte-Hermann R (1992) Organ-spe-
cific distribution of genotoxic effects in mice exposed to cooked food muta-
gens. Mutagenesis 7 (4), 235-241

Knize MG (1994) Effect of cooking time and temperature on the heterocyclic
amine content of fried beef patties. Food Chemistry and Toxicology 32 (7),
595-603

Knize MG, Salmon CP, Mehta SS, Felton JS (1997) Analysis of cooked mus-
cle meats for heterocydic aromatic amine carcinogens. Mutation Research
376 (1-2), 129-134

Kumar V, Kothiyal NC (2011) Distribution behaviour of polycyclic aromatic
hydrocarbons in roadside soil at traffic intercepts within developing cities.
International Journal of Environmental Science and Technology 8 (1), 63-72

Langhoff SR, Bauschlicher CW, Hudgins DM, Sandford SA, Allamandola
LJ (1998) Infrared spectra of substituted polycyclic aromatic hydrocarbons.
Journal of Physical Chemistry A102, 1632-1646

Ledesma EB, Marsh ND, Sandrowitz AK, Wornat MJ (2002) Global kinetic
rate parameters for the formation of polycyclic aromatic hydrocarbons from
the pyrolysis of catechol, A model compound representative of solid fuel
moieties. Energy and Fuels 16 (6), 1331-1336

Lee KH, Byeon SH (2010) The biological monitoring of urinary lhydroxypy-
rene by PAH exposure among smokers. International Journal of Environ-
mental Research 4 (3), 439-442

Lijinsky W (1991) The formation and occurrence of polynuclear aromatic
hydrocarbons associated with food. Mutation Research/Fundamental and
Molecular Mechanisms of Mutagenesis 259 (3-4), 251-261

Lin D, Tu Y, Zhu L (2005) Concentrations and health risk of polycyclic aro-
matic hydrocarbons in tea. Food and Chemical Toxicology 43, 41-48

Lindeskog P, Overvik E, Nilsson L, Nord C-E, Gustafsson J-A (1988) Influ-
ence of fried meat and fiber on cytochrome p-450 mediated activity and ex-
cretion of mutagens in rats, Mutation Research 204, 553-558

Lodovici M, Dolara P, Casalini C, Ciappellano S, Testolin G (1995) Poly-
cyclic aromatic hydrocarbon contamination in the Italian diet. Food Additives
and Contaminants 12, 703-713

Luch A (2005) Nature and nurture - lessons from chemical carcinogenesis.
Nature Reviews Cancer 5, 113-125

Mastral A, Callean M (2000) A review on polycyclic aromatic hydrocarbons
(PAHs) Emissions from Energy generation. Environmental Science and Tech-
nology 34 (15), 3051-3057

Morgan RA, Dudley ME, Wunderlich JR, Hughes MS, Yang JC, Sherry
RM, Royal RE, Topalian SL, Kammula US, Restifo NP, Zheng Z, Nahvi
A, deVries CR, Rogers-Freezer LJ, Mavroukakis SA, Rosenberg SA
(2006) Cancer regression in patients after transfer of genetically engineered
lymphocytes. Science 314, 126-129

Mukhtar H (1984) Epidermal benzo (a) pyrene metabolism and DNA-binding
in Balb/c mice: Inhibitions by allagic acid. Xenobiotica 14 (7), 527-531

Murphy JE, Morales RE, Scott J, Kupper TS (2003) IL-1 alpha, innate im-
munity and skin carcinogenesis: the effect of constitutive expression of IL-1
alpha in epidermis on chemical carcinogenesis. Journal of Immunology 170,
5697-5703

Ni H-G, Qin P-H, Cao S-P, Zeng H (2011) Fate estimation of polycyclic aro-
matic hydrocarbons in soils in a rapid urbanization region, Shenzhen of
China. Journal of Environmental Monitoring 13, 313-318

Nwuche CO, Ugoji EO (2008) Effects of heavy metal pollution on the soil
microbial activity. International Journal of Environmental Science and Tech-
nology 5 (3), 409-414

Okafor ECh, Opuene K (2007) Preliminary assessment of trace metals and
polycyclic aromatic hydrocarbons in the sediments. International Journal of
Environmental Science and Technology 4 (2), 233-240

Oleszczuk P (2006) Persistence of polycyclic aromatic hydrocarbons (PAHs) in
sewage sludge-amended soil. Chemosphere 65, 1616-1626

Osibanjo O (1994) Review of chlorinated hydrocarbon substances in African
aquatic environment. FAO Fisheries Report 502, 37-45

Osuji LC, Ezebuiro PE (2006) Hydrocarbon contamination of a typical man-
grove floor in Niger Delta, Nigeria. International Journal of Environmental
Science and Technology 3 (3), 313-320

Peruguni M, Visciano P, Giammarino A, Manera M, Nardo WD, Amorena
M (2007) Polycyclic aromatic hydrocarbons in marine organisms from the



Terrestrial and Aquatic Environmental Toxicology 6 (1), 30-35 ©2012 Global Science Books

Adriatic Sea Italy. Chemosphere 66 (10), 1904-1910

Reynaud S, Deschaux P (2006) The effects of polycyclic aromatic hydrocar-
bons on the immune system of fish: A review. Aquatic Toxicology 77 (2),
229-238

Richter H, Howard JB (2000) Formation of polycyclic aromatic hydrocarbons
and their growth to soot - a review of chemical reaction pathways. Progress
in Energy and Combustion Science 26 (4), 565-608

Risk Assessment Studies (RAS) (2004) Polycyclic aromatic hydrocarbons in
barbecued meat. Report no 14. Food and Environmental hygiene Department,
the Government of the Hong Kong Special Administrative Region

Rohr G, Scheele G (1983) Fate of radioactive exocrine pancreatic proteins
injected into the blood circulation of the rat. Gastroenterology 85, 991-1002

Romanini D, Biennier L, Salama F, Kachanov A, Allamandola LJ, Stoeckel
F (1999) Jet-discharge cavity ring-down spectroscopy of ionized polycyclic
aromatic hydrocarbons: Progress in testing the PAH hypothesis for the dif-
fuse interstellar band problem. Chemical Physics Letters 303 (1-2), 165-170

Salama F (1999) Polycyclic aromatic hydrocarbons in the interstellar medium.
A review. In: L.d’Hendecourt, Joblin C, Jones A (Eds) Solid Interstellar Mat-
ter: The ISO Revolution, EDP Sciences, (Springer-Verlag: Les Ulis), pp 65-
87

Salama F, Allamandola LJ (1991) Electronic absorption spectroscopy of
matrix-isolated polycyclic aromatic hydrocarbon cations. I. The naphthalene
cation (Cy4 H'y). Journal of Chemical Physics 94, 6964-6977

Salama F, Joblin C, Allamandola LJ (1994) Electronic absoption spectros-
copy of matrix-isolated polycyclic aromatic hydrocarbon cations. II The
phenantrene cation (Ci4 H+10) and its 1-methyl derivative. Journal of Che-
mical Physics 101, 10252-10262

Skog K (1993) Cooking procedures and food mutagens: A literature review.
Food Chemical Toxicology 31 (9), 655-675

Sokhn J, de Leij FAAM, Hart TD, Lynch JM (2001) Effects of copper on the
degradation of phenanthrene by soil microorganisms. Letters in Applied
Microbiology 33, 164-168

35

Sugimura T (1990) Mutagens and carcinogens formed by cooking meat and
fish: Heterocyclic amines. In: Finot PA, Aeschbacher HU, Hurrell RF, Liar-
don R (Eds) The Maillard Reaction in Food Processing, Human Nutrition
and Physiology, Birkhauser Verlag, Basel, pp 3213-334

Takeda K, Kaisho T, Akira S (2003) Toll-like receptors. Annual Review of Im-
munology 21, 335-376

Teel RW, Dixit R, Stoner GD (1985) The effect of ellagic acid on the uptake,
persistence metabolism and DNA-binding of benzo[a]pyrene in cultured
explants of strain A/J mouse lung. Carcinogenesis 6 (3), 391-395

WHO (2003) Polynuclear aromatic hydrocarbons in drinking-water. Back-
ground document for preparation of WHO Guidelines for drinking-water
quality. Geneva, World Health Organization (WHO/SDE/WSH/03.04/59).

Wickstrom K (1986) Polycyclic aromatic compounds (PAC) in leaf lettuce.
Zeitschrift fiir Lebensmitteluntersuchung und Forschung A 183 (3), 182-185

Yu SH, Ke L, Wong YS, Tam NFY (2005) Degradation of polycyclic aromatic
hydrocarbons by a bacterial consortium enriched from mangrove sediments.
Environmental International 31 (2), 149-154

Yunker MB, Snowdon LR, MacDonald RW, Smith JN, Fowler MG, Skibo
DN, McLaughlin FA, Danyushevskaya Al, Petrova VI, Ivanov GI (1996)
Polycyclic aromatic hydrocarbons composition and potential sources for
sediment samples from the Beaufort and Barent seas. Environmental Science
and Technology 30, 1310-1320

Yusuf N, Timares L, Seibert MD, Xu H, Elmets CA (2007) Acquired and in-
nate immunity to polyaromatic hydrocarbons. Toxicology and Applied Phar-
macology 224 (3), 308-312

Zhu L, Chen M, Chen B, Wang J, Shen H (2004) Pollution survey of poly-
cyclic aromatic hydrocarbons in surface water of Hangzhou, China. Chemo-
sphere 56, 1085-1095

Zohair A (2006) Levels of polyaromatic hydrocarbons in Egyptian vegetables
and their behavior during soaking in oxidizing agent solutions. World Journal
of Agricultural Sciences 2 (1), 90-94



