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Abstract

The bioaccumulation and biomagnification of PAHs along successive trophic levels is an important means of
exposure to human and animal life. This study evaluated Polycyclic Aromatic Hydrocarbons (PAHs) and heavy
metals in fresh fish and fish samples processed/ roasted with smoke/heat/flame generated from firewood, waste tyre
and polyethylene materials. PAHs and heavy metals were determined with Gas chromatography with flame
ionization detector (GC-FID) and Atomic Absorption Spectrophotometer (AAS) respectively. Significant differences
(P<0.05) were observed in the concentrations of PAHs and heavy metals in the heat-processed fish when compared
to fresh fish. Appreciable amount of carcinogenic PAHs; benzo(a)pyrene, benz(a)anthracene and
dibenz(a,h)anthracene benz(a)anthracene and dibenz(a,h)anthracene and heavy metals such as cadmium (Cd),
zinc (Zn) and lead (Pb) were detected in processed/roasted fish samples.

Keywords: Carcinogenes; Mutagenes; PAHs; Heavy metals; Roasted
fish

Introduction
Nigeria is one of the largest oil producing countries with enormous

gas reserves and vast quantities of coal. There are also, large expanses
of rain and mangrove forest with lush green vegetations. This implies
abundant energy for domestic and industries uses. However, due to
poor and outdated technology and/or poor investment on modern
technology great percentage of gas reserves are flared as waste during
crude oil exploration and exploitation by petroleum industries
operating in Nigeria [1,2]. Also industrialization has led to the
pollution of aquatic and terrestrial environment [3]. Most forest and
fallowed farm lands serve as sink for pollutants generated by industries
and households [4,5]. Despite these energy sources, most households
and cottage industries cut corners by using and sourcing material
which can be toxic as energy sources during food processing and
preparation. Some of these materials include plastics, waste tyres,
different package materials, waste engine oil, plastic foil etc. poor
recycling culture and poor technological base have created
opportunity for the use of waste tyres and plastics (polyethylene)
materials as alternative energy sources.

Vehicle tyres (and items such as clothes fabrics, bridal veil, package
paper, carpets, pies and ropes) are manufactured from nylon fibres.
Nylon is a synthetic thermoplastic polymer made from molecules with
a carboxylic (-COOH) group and amino (-NH2) group. Polyethylene
(polythene) is a thermoplastic polymer consisting of long hydrocarbon
chains. Most have a general formula, (C2H4)nH2. Polyethylene is
mainly made from petroleum or natural gas. It is used primarily in
making packagings such as plastic bags, plastic films, geomembranes,
bottles etc.

At 392 0F polythene gives off gases which include ketones and
aldehydes and at poor ventilation, carbon monoxide (CO) and carbon
dioxide (CO2) are produced. The combustion of these waste vehicle
tyre materials releases polycyclic aromatic hydrocarbons (PAHs) and
heavy metals. PAHs are a large group of over 100 different chemical
compounds with 2 to 7 aromatic rings. Large quantities of PAHs are
released into the environment by various human activities and they
may have additive or synergistic effects with other environmental
pollutants. They are formed by the incomplete combustion of organic
material.

PAHs in the environment have become serious concern worldwide
since the exposure to high concentrations has been linked to
carcinogenic risk [6]. The routes of exposure to PAHs are from
inhalation of ambient and indoor air, exhaust fumes or ingestion of
food [1,2,7,8]. PAHs, notably benzo(a)pyrene (BaP) have been
reported to disturb the antioxidant defense system and it is also
responsible for the induction of oxidative stress [9]. They compete
with and displace essential mineral elements in the body, interfering
with organ-system function, leading to disease conditions such as
pulmonary edema, influenza, osteoporosis, kidney and central nervous
dysfunction, thyroid dysfunction and liver failures [10]. The lack or
poor knowledge of the toxicological implications on the use of these
toxic materials is an important factor.

It is on this backdrop that we evaluated the amount of PAHs and
some heavy metals in fish roasted with firewood, waste tyre and
polythene materials as energy sources. This work is expected to
educate and bring to the consciousness of Nigerians in particular and
the world at large, the inherent toxicity in these unhealthy methods of
food processing for human consumption.
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Materials and Methods

Procurement and processing of fish samples
Fresh fish samples used in this study were purchased from a market

in Obinze Owerri, Imo State Nigeria. The fish samples were divided
into four groups.

Group I, fresh fish not roasted (FF),

Group II, fish roasted with firewood (FRF),

Group III, fish roasted with firewood and waste tyre materials
(FRT),

Group IV, fish roasted with firewood and waste polythene materials
(FRP). The fish samples were roasted by exposing them to the heat,
smoke and flame generated by these energy sources (firewood, waste
tyre and polythene) for over four hours at high temperature.

Determination of Polycyclic Aromatic Hydrocarbons
(PAHs)

The PAHs contents of samples were analyzed according to the
method of American Petroleum Institute for analyzing petroleum
hydrocarbons [11]. To extract the polycyclic aromatic hydrocarbons,
10 ml of pentane was added to 2 g of each fish sample in a clean
extraction vase. The set up was allowed to settle after thorough mixing.
With the aid of filter paper fitted into Buchner funnels the mixture was
carefully filtered into a clean extraction bottle. The extracts were
concentrated to 2 ml with rotary evaporator and then transferred for
clean-up/separation in gas chromatograph.

A moderately packed glass wool of 1cm was placed at the bottom of
the 10 mm ID × 250 mm long chromatographic column. Then, a
slurry 2 g activated silica gel in 10 ml methylene chloride was placed
into the chromatographic column. Afterwards, 0.5 cm of sodium
sulphate was added to the top of the column and the column was
rinsed with additional 10 ml of methylene chloride. The column was
pre- eluted using 20 ml of pentane, and it was allowed to flow through
the column for 2 minutes until the liquid in the column was just above
the sulphate layer. This was immediately followed with a 1ml transfer
of sample into the column. The stop clock of the column was opened
and the eluent was collected in a 10 ml graduated cylinder.

Just prior to exposure of the sodium sulphate layer to air, pentane
was added to the column in 1-2 ml increments and then 8-10 ml of the
eluent was collected and labelled aliphatics.

The concentrated aliphatic fraction was transferred into labelled
glass vials with rubber crimp caps for gas chromatographic analysis. A
hypodermic syringe was used to inject 1ml of the concentrated sample
through a rubber septum into the column. Separation occurred as the
vapour constituent partitioned between the gas and liquid phases. The
sample was automatically detected as it emerged from the column (at a
constant flow rate) by the FID detector whose response depended on
the composition of the vapour.

Determination of heavy metals
Preparation of ash: The heavy metal contents of the samples were

determined using atomic absorption spectrophotometer according to
the modified method of James [12]. The platinum dishes and their
covers were cleaned, dried and ignited at 500°C for 30 minutes in a
muffle furnace. The dishes and covers were cooled in a desiccator and

weighed until a constant weight was obtained. Afterwards, 2 g of each
fish sample was weighed into each dish. Ashing was carried out at
500°C with the dishes slightly opened to allow escape of gases (loss of
chloride due to volcanisation tends to occur above 500°C). Periodic
checks were done to ascertain complete ashing (indicated by whitish
remains in the platinum dishes).

Calculations:

Solution of the ash for metal analyses: Exactly 5 ml of 10% HCl
solution was added to the recovered ash and this was warmed on a
water bath to dissolve. The solution of ash was then aspirated on
presentation to the Atomic Absorption Spectrophotometer (GBC
Avanta Ver 2.02; linear LS through zero max error 0.0212, R2:1.0000)
from wherein the concentrations of the individual metals were
determined.

Statistical analysis: The data obtained were expressed as mean ±
standard deviation of triplicate determinations, and the test of
statistical significance (p<0.05) amongst the groups was assessed using
one way analysis of variance (ANOVA).

Results
The concentration of individual PAHs in fish samples are presented

in Table 1. Differences were observed in the concentration of PAHs
amongst fresh fish (Figure 1), fishes roasted with heat/smoke
generated from wood (Figure 2), fish roasted with waste polyethylene
(Figure 3) and waste tyre materials (Figure 4). The fish samples
exposed to heat/smoke generated from waste tyre materials showed
the highest concentration of both individual and total PAHs. This is
followed by samples exposed to heat/smoke from polyethylene
materials used to package water.

Aside Naphthalene, which was not detected in Fresh fish and
Firewood roasted fish, the other non-carcinogenic PAHs were present
in all the samples evaluated. The concentrations of all the non-
carcinogenic PAHs in fresh fish were not significant when compared
with other processed samples. The highest values of Naphthalene,
Acenaphthylene, Fluorene, Anthracene and Fluoranthene were
recorded in Fish roasted with polyethene. Whereas, fish roasted with
waste tyre material showed the highest values for Acenaphthene,
Phenanthrene and Pyrene, the concentrations of possibly carcinogenic
PAHs in Fresh fish samples were negligible and not significant when
compared to the roasted samples. Fish roasted with waste tyre
materials presented the highest values for Chrysene, Benzo(b)
fluoranthene and Benzo(k) fluoranthene, while Indeno (1,2,3-
cd)pyrene showed highest value in Fish roasted with polythene
materials.

Similarly, the highest concentration of two probably carcinogenic
PAHs: Benz(a)anthracene and Dibenz (a,h) anthracene were observed
in Fish roasted with waste tyre materials and Fish roasted with
polythene materials, respectively. Benzo(a)pyrene, a carcinogenic PAH
to humans presented the lowest and highest concentrations in Fresh
fish and Fish roasted with waste tyre materials, respectively. The
summary concentration of PAHs in fish samples presented in Table 2,
indicates that the total PAHs in fresh fish sample were negligible while
highest total PAHs was observed in fish roasted with heat/smoke
generated from waste tyre materials. Table 3, shows the concentration
of some heavy metals; cadmium, zinc and lead determined in the fish
samples roasted with heat/smoke from waste tyres, firewood and fresh
fish. A significant difference in lead concentration was observed in fish
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samples prepared from different sources of energy. Also, significant
increase in the cadmium and lead concentrations respectively was
observed.

Compounds Fresh fish (mg/kg)
×10-5

Firewood roasted fish (mg/kg)
×10-5

Tyre roasted fish (mg/kg)
10-5

Polyethylene roasted fish (mg/kg)
×10-5

Naphthalene (3) ND ND 7.14 9.85

Acenaphthylene(3) 0.44 6.18 7.47 10.57

Acenaphthene(3) 0.54 4.32 5.19 4.75

Fluorene(3) 0.07 1.6 2.66 4.56

Phenanthrene(3) 0.06 1.83 3.79 3.04

Anthracene(3) 0.11 3.78 5.83 6.97

Fluoranthene(3) 0.04 1.83 8.77 13.68

Pyrene(3) 0.03 5.28 124 6.71

Benz(a)anthracene(2A) 0.05 5.17 10.6 5.26

Chrysene (2B) 0.09 2.52 16 3.6

Benzo(b) fluoranthene(2B) 252 5000 8240 7615

Benzo(k) fluoranthene(2B) 0.07 0.543 14 1.99

Benzo(a)pyrene(1) 0.25 4.83 13.8 7.47

Indeno (1,2,3-
cd)pyrene(2B)

46 924 3220 357.66

Dibenz (a,h)
anthracene(2A)

0.06 7.51 11.4 13.47

Benzo(g,h,i)perylene(3) 0.43 16.9 7.1 25.69

1 = carcinogenic polycyclic aromatic hydrocarbon to humans

2A = probably carcinogenic polycyclic aromatic hydrocarbon

2B = possibly carcinogenic polycyclic aromatic hydrocarbon

(3) =Non-carcinogenic polycyclic aromatic hydrocarbon

ND = Not Detected

Table 1: PAHs concentration in fresh fish samples and fish samples roasted with (different fuel materials) firewood, tyre and polyethylene.

Compounds Fresh fish Fish roasted with Firewood Fish roasted with Tyre Fish roasted with Polyethylene

Polycyclic aromatic hydrocarbon (mg/kg) 0.003 0.06 0.117 0.081

Table 2: Total PAHs concentration in fresh fish and fish roasted with waste materials

Discussion
Polycyclic aromatic hydrocarbons, dioxins and polychlorinated

biphenyls are industrial contaminants [13,14] that accumulate in large
quantities in river sediments [15], and through the food chain some
are ingested by aquatic organisms. PAHs are important class of
persistent organic pollutant produced mainly during incomplete
combustion of coal, gasoline, diesel fuels, polyethylene, tyres as well as
in smoked and grilled foods [16]. PAHs are resistant to degradation
and are potent environmental pollutants with adverse health

consequences. In-vivo and in-vitro studies indicates that a wide range
of PAHs exhibit mutagenic, carcinogenic, teratogenic, genotoxic and
immunotoxic potentials [17]. Results from varying strength of evident
carcinogenesis in human and animal studies classified PAHs as
carcinogenic (group 1), probably carcinogenic (group 2A), possibly
carcinogenic (2B) and non-carcinogenic (3) [18].

In this study the values of PAHs in processed fish samples varied
according to the fuel material used. The elevated PAHs in fish
processed with firewood and waste (tyre or polyethylene) materials
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may be attributed to the incomplete combustion of these materials at
the processing temperature. Roasting most often lead to
contamination, formation and release of various PAHs. The high
amount of PAHs in fish roasted with firewood and waste tyre
materials is attributable to the tyre’s hydrocarbon content and the
quality of smoke generated during combustion. However, the
negligible total PAHs in fresh fish samples indicates very low
accumulation from river sources and its sediments [15]. This supports
the assertion that roasting with these waste materials can generate and
transfer toxicants on surfaces of food [8,19].

Furthermore, the significantly high concentrations of carcinogenic
PAHs; benzo(a)pyrene, benz(a)anthracene and dibenz(a,h)anthracene
benz(a)anthracene and dibenz(a,h)anthracene, in roasted fish samples
can be linked to the type of fuel material used. It is a fact that poorly
controlled processing methods (consisting high temperature), results

to incomplete combustion of fuel materials [18,20,21] Also, the total
PAHs in fish roasted with polyethylene (FRP) and tyre (FRT) which
were above Turkey permissive limit (0.01 mg/kg), infers a possible
public health risk with roasted food consumption [22]. However,
benzo(a)pyrene, benz(a)anthracene and dibenz(a,h)anthracene
concentrations were below the permissive limits of 10 μg/kg (0.01
mg/kg) indicated by joint FAO/WHO 1989. Also, benzo(a)pyrene
concentrations in the processed samples were comparable to German
acceptable limit of 1.0 µg/kg (0.001 mg/kg). The use of tyre and
polyethylene materials as fuel are good sources of naphthalene. This is
indicated by their presence in FRP and FRT materials and also shows
the tendency of processed food to bind this volatile compound. The
absence of naphthalene in fresh fish (FF) and in fish roasted with
firewood (FRF) corroborates this assertion.

Samples Cadmium (mg/kg) Lead (mg/ kg) Zinc(mg/kg)

Fresh fish 0.001 ± 0.00a 0.001 ± 00a 16.207 ± 0.90a

Fish Roasted with Firewood 0.610 ± 0.09b 1.477 ± 0.20b 20.133 ± 0.49b

Fish Roasted with Tyre 0.733 ± 0.08c 1.617 ± 0.15b 20.717 ± 0.35b

Fish roasted with Polyethylene 0.780 ± 0.03c 2.820 ± 0.20c 20.547 ± 0.23b

Values in this table are mean± standard deviation of triplicate determinations. Values in each column with different superscripts are significantly different (p<0.05).

Table 3: Heavy metals concentration in fresh fish and fish roasted with waste materials.

Figure 1: PAH in Fresh fish sample.

PAH molecules are metabolized by cytochrome P450 (CYPA1 and
CYPA2) into a variety of oxygenated products [23], such as active
diolepoxide, associated with high free radical production [24]. These
diolepoxides covalently binds to DNA base pair, forming a stable
depurinating adduct through electrophilic cabonium ions. This blocks

polymerase replication activity and perturbs the double helix DNA
structure [25]. These biochemical processes can disrupt proper DNA
copying, increase DNA damage and reduce repair activities. Finally,
initiating and promoting carcinogenesis [26]. These free radicals can
attack polyunsaturated fatty acid abundant in membranes of cells in
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aerobic conditions to produce lipid peroxides, which induces oxidative
damage of cells [27]. The presence and concentration of PAHs in the
processed fish samples correlate positively with the assertion that
roasting introduces carcinogenic compounds in food [28].

Our processed fish samples show varying concentrations of some
heavy metals. These metals are known toxicants but under certain

conditions and concentrations could be beneficial to some organisms.
Metals such as zinc, copper, iron, and manganese are required in the
body in small amount but can be toxic in large quantities [29].

Figure 2: PAH in Fish roasted with Firewood only.

The observed concentration of cadmium was significantly (P<0.05)
higher in FRP>FRT>FRF when compared to the fresh fish samples,
which cadmium content can be said to be negligible [30]. The higher
cadmium content in the processed fish samples could be linked to the
roasting method and the fuel material constituent. In good accord with
this assertion is the finding that, the concentrations of cadmium in
FRP and FRT wastes were significantly higher than the permissive
limits of 0.5 mg/kg set by European commission [30]. Dietary
absorption of cadmium is favoured by deficiency of calcium, zinc,
copper, iron and protein in diet. It stimulates the production of
metalothionien (a zinc and other heavy metals binding protein), which
strongly binds to it, forming a complex that initiates zinc and copper
deficiency. This complex is transported to the kidneys where it can
damage the filtering system. This damage causes sodium retention and
excretion of essential proteins and sugars from the body [31].
However, our finding showed that the roasted fish had significantly
higher amount of zinc, thereby downplaying the issue of zinc
deficiency. Nevertheless, the concentrations of cadmium observed in
the processed fish are of public health importance and because
processed fish are regular/common ingredients in most Nigerian diets,
chronic exposure which results into cadmium bioaccumulation is
most likely.

The concentration of lead was negligible in FF but ranged from 1.57
mg/kg in FRF to 2.83 mg/kg in FRP. Exposure to lead has a variety of
health effect particularly in children and pregnant women. At the
molecular level, lead mimics, displaces and inhibits the action of
calcium transport in calcium-calmodulin dependent pathways thereby
altering neurotransmission in brain and body [32]. It also inhibits
haemoglobin biosynthesis by interfering with D- aminolevulinic acid
dehydratase and ferrochelatase involved in heme formation resulting
in production of zinc protoporphyrin causing haemolyticanaemia
[33]. Lead concentrations are often hidden because it is deposited deep
into bone marrows and bioaccumulates overtime. It interferes with
DNA transcription enzyme involved in synthesis of Vitamin D and
impedes vitamin D conversion into its hormonal form (1,25
dihydroxylvitamin D), thereby impairing cell growth, teeth and bone
development [34]. Lead alters collagen synthesis and blood vessel
permeability. It can also trigger the excessive production of
inflammatory proteins which is harmful to immune system
development. Oxidative stress produced from lead toxicity suppresses
antioxidant activity. Other systems affected are; renal, gastrointestinal
and cardiovascular systems [35].
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Figure 3: PAH in Fish roasted with waste tyre material.

Figure 4: PAH in Fish roasted with waste Polyethylene material.
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The concentrations of zinc in fish samples roasted with firewood,
polyethene and tyre materials were significantly higher compared to
fresh fish samples. However, these zinc concentrations are below
permissible limits of 150 mg/kg set by European commission [30].
Zinc is naturally occurring in sea foods and is known to play
important roles in biochemical reactions at low concentrations [36].
Like magnesium, zinc serves as a co-factor to a number of critical
enzymes. It is essential for immune function, healthy skin, protein and
DNA synthesis and sensory organs [37].

Conclusion
These results are in agreement with the findings that methods of

food preparation increase heavy metals and PAH concentrations
[8,38]. However, the contamination of foods from these fuels materials
added in the course of roasting food to generate heat and smoke is of
great public health importance. Individuals and authorities at the local,
State and Federal level should co-operate to expose this unhealthy
practice and devise strategies to eliminate it.
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