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Impact Assessment of Smoking Duration on Polycyclic Aromatic
Hydrocarbons (PAH’s) Contaminations of Clarias gariepinus.

Abiona, 0.0., Adegunwa, A.O., Awojide, S.H, Agbaje, W. B. and Tayo, A. S.

Abstract: Smoked catfish (Clarias gariepinus) was examined with the aim of determining the effect
of smoking duration on the extent of accumulation of the sixteen US EPA priority polycyclic
aromatic hydrocarbons (PAHs). The levels of PAHs in the smoked catfish samples were
obtained using gas chromatography with a flame ionization detector after extracting with n-
hexane by soxhlet extraction technique. The result showed detection of all the 16 PAHs in the
smoked catfish. Higher molecular weight PAHs having 24 rings showed considerably higher
concentration as compared to PAHs that had a lower ring. The mean concentrations of total
PAH in the investigated smoked catfish showed mean values of 1.91 ug/kg, 2.10 pg/kg, 2.32
ug/kg, 2.58 ng/kg respectively. The XBaPeq (0.113) and XPAH (10.642 ng/kg) levels are within
the range of European Commission Regulations maximum tolerable limits of 2 to 5 pg/kg
respectively. The result indicated that the PAH accumulation is directly proportional to the
smoking petiod. Diagnostic ratio (Ant/(Ant+Phen) rato <0.10) conducted showed wood
combustion as the main sources of contamination in the analyzed smoked catfish.

Keywords: smoked catfish, gas chromatograph, carcinogenic potency, polycyclic aromatic
hydrocarbon and smoking duration

I. Introduction have been conducted due to their ability to

. . cause cancer and mutagenicity to humans [2].
Food processing usually involves thermal gentay 12l

treatments at high temperature. The direct
contact with combustion gases have different
effects on the nutritional compositions of
food due to the intensity and directness of
heat transfer from the source to the food [1],
this governs the rate and extent of polycyclic
(PAHs) formation
especially in protein products. PAHs are

aromatic hydrocarbons

group of persistent environmental pollutants
that have their origins from incomplete
combustion of organic compounds and
pyrolysis of fatty foods. They have known

carcinogens and a quite number of researches
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The United State Environmental Protection
Agency (USEPA) had listed PAHs as priority
organic pollutants; this is as a result of their
persistent nature and high toxicity potency
[3]. The persistency of PAHs in many
environmental matrixes is owed to their
relative chemical stability as well as resistance
to biodegradation. Literatures have shown
that human exposure to PAHs could promote
prevalence of deadly diseases such as lung and
skin cancers among others [4].

Though there are many parameters that
govern the formation of PAHs in foods and
fatty tissues, they do not work individually but
they are all inter-reactive. These factors
include the nature of the cooking surface,
time of cooking, temperature, water as well as
the composition of the food [5].

High protein food such as fish has been
observed to form more mutagenic products



than starchy foods, these show that there is a
direct link with the lipid content indicating
the ability of PAHs to bio-accumulate in
tissues of fat-based foods [0].
proteins, high molecular weight PAHs that

On heating

are highly carcinogenic are formed and these
by-products have been known to act as direct
mutagens which may also play the role of co-
carcinogens or activators [3].

Several methods have been proposed for risk
assessment characterization of PAH in food,
the commonest of which is the use of BaP as
markers using the toxicity equivalent factor
(TEF) of benzo(a)pyrene in other PAHs. This
is as a result of potential carcinogenicity
nature of benzo(a)pyrene which happened to
be a known PAH with the
toxicological fact [7].

extensive

Report has it that regular consumption of
smoked and grilled foods could promote a
significant increase in uptake of PAH into the
body [8]. Based on this fact,

considerable  attention  has

system
been on
traditionally smoked food items to ascertain
the level of PAH

processing under substantial heat. Exposure

accumulation  after
of protein foods to smoke has the capacity to
increases the accumulation of PAHs in the
food tissues than other secondary methods
where the processed food items are shielded
from a direct application of heat [7].

Fish is considered as one of the proteins
mostly consumed in this part of the world as
a result of its palatability, flavour and cheap
availability [9]. Fish has high protein retention
in the body; it contains some bioactive
compounds that give health benefits to
human [10]. However, report has it that
approximately 70% of PAHs are ingested
orally through food items and this include the
popular smoked fish [11].

This study, therefore, aims at estimating the
rate of PAHs accumulation of smoked catfish
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at different smoking intervals. It also gives the
probable carcinogenic health risk which could
be associated with the consumption of such
locally processed fish commonly consumed in
Nigeria.

II. Materials and Methods
A. Sampling

Fresh catfish (about 2.5 kg) were bought from
local fish sellers in Osogbo, Osun State,
Nigeria. A representative sample was obtained
by pooling together the vatious fish samples
from the different dealers. After cleaning, the
raw fish was smoked with hardwood charcoal
at a distance of 15 cm on a wire gauze. The
smoking temperature was measured with a
mercury-in-glass thermometer and smoking
was done for a period of 8 h at a temperature
range of 70-80 "C per day for 5 days. Every
day after 8 hours of drying two of the fish
samples was removed and made to cool
About 100 g of the smoked samples were
pulverized and sealed in a labelled aluminium
foil wrap. It was then refrigerated at -20°C
before analysis.

B. Sample Preparation

Soxhlet extraction technique with n-hexane as
solvent was used to extract PAHs from the
fish samples in a timble. Ten (10) grams of
pulverized sample was weighed and stirred
continuously with anhydrous sodium sulphate
(5 g) in a crucible. The extract obtained was
concentrated with the aid of a rotary
evaporator. To prevent oxidation, the extract
was refrigerated in an amber bottle. The
method was repeated for other samples

obtained for other smoking periods [7].

C. Sample Purification

Column chromatography cleaned up was
achieved by passing the extract through a
column (1 cm internal diameter) packed with



activated silica gel adsorbent of about 100-200
mesh size to 5 cm. This was covered with
anhydrous Na,SO, to about 1 cm and
conditioned with n-hexane. 2 ml of the
extracted PAHs was loaded and eluted with
20 ml of n-hexane. The eluant was collected
into amber bottles to prevent oxidation
before taken for analysis.

D. GC-FID Analysis

PAHs analysis was done using Agilent GC
7890A. Helium was the carrier gas flowing at
a rate of 0.45 mL/min. sample injecton was
in the splitless mode with an injection volume
of 2 uL.. The GC oven temperature program
was optimized: the initial temperature at 70°C
was held for 2 min and then ramped at
10°C/min to 220°C. It was maintained at this
temperature till the end of the run (33 min).
The injection port temperature was set at
250°C and that of the FID detector was set at
300°C. The hydrogen and airflow rates were
40 mlL /min and 400ml./min,
respectively.

set at

E. BaP Equivalent

The estimate of the relative toxicity of
individual PAH fraction compared to benzo
(a) pyrene is termed a toxicity equivalency
factor (TEF). This approach revealed the
probable health risk associated with the
consumption of the food materials as a
function of benzo(a)pyrene equivalent. This
was obtained by multiplying the individual
PAHs values with their TEF [7].

BaP =3 BaP =3 Cpyy X TEF, ;1

Cpapi values of PAH in the sample,
TEF,,;; Toxic equivalency factor for each
PAH.

F. Statistical Analysis of Data

Triplicate analysis of the PAH was done for
cach sample. The obtained results were
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statistically analysed using SPSS (version 20.0)
windows softwatre. Standard error of the
mean concentration (SEM) was calculated for

each parameter.
III1. Result and Discussion

A. Mean Concentrations
PAHs in the
Samples

(ng/L) of
Smoked Catfish

Results of the mean concentrations of the
analyzed 16PAHs in the smoked catfish at
different smoking time intervals using GC-
FID are displayed in Table 1 showing the
targeted PAHs detected in the analyzed
smoked catfish samples while the cumulative
PAHs concentration as smoking duration
increases as shown in figure 1. From the

results, it was observed that fluorene,
phenanthrene,  pyrene acenaphthylene,
acenaphthene and fluoranthene, showed

predominant values in the samples. Also,
PAH

concentration in the chosen smoking time

phenanthrene  revealed  higher

intervals.

Molecular weight was used to categorize the
set of analysed PAHs. High molecular weight

were benzo(k)fluoranthene,
benzo(a)anthracene, indeno(1,2,3-cd)pyrene,
benzo(b)fluoranthene, benzo(4a)pyrene
benzo(ghi)perylene,  anthranthrene  and

Chrysene. The medium molecular weights are
fluoranthene and pyrene while the low
molecular

weights  are  naphthalene,

acenaphthylene,  acenaphthene, fluorene,
anthracene and phenanthrene. The total mean
concentrations of 0.948 pg/kg, 0.614 pg/kg
and 0.105 pg/kg were recorded values for
PAHs of high molecular weight, medium
molecular weight and low molecular weight

respectively.



Table 1: Total mean concentration (pg/kg) of PAHs in smoked catfish muscle at different smoking intervals

PAHs S1 S2 S3 S4 S5
Naphthalene 0.021£0.001 0.022£0.001 0.028£0.002 0.029£0.001 0.035£0.020
Acenaphthylene 0.139£0.005 0.168£0.002 0.173£0.005 0.159£0.001 0.19610.001
Acenaphthene 0.054£0.002 0.057£0.001 0.0670.001 0.076£0.010 0.080£0.005
Fluorene 0.135£0.001 0.150£0.020 0.158+0.001 0.161£0.004 0.208£0.025
Phenanthrene 0.233£0.010 0.283+0.012 0.310£0.002 0.34410.002 0.35210.012
Anthracene 0.182%0.003 0.187£0.050 0.212£0.001 0.243£0.010 0.281£0.010
Fluoranthene 0.104£0.001 0.315£0.100 0.358+0.004 0.410£0.005 0.439£0.100
Pyrene 0.154£0.028 0.200£0.050 0.256%0.003 0.332£0.001 0.303£0.005
Benzo(a)anthracene 0.002£0.001 0.003£0.001 0.004£0.001 0.004£0.001 0.005£0.001
Chrysene 0.006£0.001 0.007£0.002 0.008£0.001 0.009£0.004 0.009%£0.001
Benzo(b)flouranthene 0.004£0.001 0.004£0.001 0.006£0.002 0.006£0.001 0.007£0.002
Benzo(k)flouranthene 0.010£0.005 0.011£0.001 0.013£0.002 0.016£0.001 0.019£0.001
Benzo(a)pyrene 0.059£0.003 0.061£0.001 0.063£0.002 0.071£0.014 0.075£0.015
Indeno(1,2,3-cd)pyrene 0.002£0.001 0.003£0.001 0.003£0.001 0.004£0.001 0.004£0.001
Dibenzo(a,h)anthracene 0.035£0.001 0.036£0.012 0.039£0.001 0.044£0.002 0.054£0.001
Benzo(g,h,i)perylene 0.001£0.001 0.002£0.001 0.003+0.001 0.007£0.002 0.009£0.001
> 16PAH 1.741 1.909 2.101 2.315 2.576

Smoking intervals S1 = 5 hrs, S2 = 10 hrs, S3 = 15 hrs, S4 = 20 hrs and S5 = 25 hrs

The maximum tolerable limits by European
Union for benzo(a)pyrene and total PAHs in
the muscle of smoked fish and other fishery
products were given as 2.0 pg/kg and 10
ng/kg respectively by EU [12]. The report
observed for the concentrations of
(BaP) and total PAHs
observed in Niger delta area of Nigeria at

Benzo[a]Pyrene

different smoking intervals were below the
range of 1.5 and 10.5 pg kg' [2]. However,
this study showed a considerably higher
concentration of BaP at 5.205x10™ pg/kg in
the long-processed fish samples.

Mean chrysene and Benzo(b)fluoranthene,
pyrene and indenol(1,2,3-cd)pyrene
concentrations were similar (P>0.05) as the
smoking duration increases which shows that
they were no PAH accumulation these set of

PAH during the smoking process.

The Agency for Toxic Substances and
Disease Registry [13] reported that the levels
of the sum of PAHs between 0 and 0.1 pg/kg
are considered as slight contamination while
values within the range of 0.1 to 1 pg/kg is an
indication of significant contamination. This
study showed a total concentration of PAHs
within 1.741 and 2.576 pg/kg which implies a
significant contamination

o0 %~
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Figure 1: Concentrations of PAHs in smoked
catfish muscle at different smoking intervals

B. BaP Equivalent of PAHs in the
Analyzed Smoked Catfish Samples

The estimation of the carcinogenic impact of
PAHs on the investigated smoke fish with the
aid of toxicity equivalent factor (TEF) relative
to benzo(a) pyrene was presented in Table 2.
The total BaP equivalent (BaPeqi) was 0.113.

C. Comparison of the PAH concentration
in the Smoked Catfish with similar
studies

Though the values of PAH in smoked fish
depends greatly on the type of wood used in
smoking, the period of smoking and the
temperature of smoking. However, it has
been reported that there is a correlation
between lipids and accumulation of PAHs
[14], these compounds found its way on the

surface of processed food materials (mostly



fatty tissues) when exposed to heat as a result
of  high
processing which in the long run leads to the
buildup of PAHs on the surface of the

temperature  involved  duting

protein products [17].

Table 2. Toxic Equivalent Factors (TEFs) and
BaP Equivalent of PAHs in the Smoked Catfish
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other findings on the effect of cooking
methods on food materials [10].

Table 4: Comparison of the PAH (ug/kg)

concentration in this study with other related
studies

PAHs Concentration TEF BaP.q;
Naphthalene 0.035+0.020  0.001 -
Acenaphthylene 0.196£0.001  0.001 0.0001
Acenaphthene 0.080£0.005  0.001 0.0001
Fluorene 0.208+0.025  0.001 0.0002
Phenanthrene 0.352£0.012  0.001 0.0003
Anthracene 0.281+0.010  0.01 0.0022
Fluoranthene 0.439£0.100  0.001 0.0004
Pyrene 0.303£0.005  0.001 0.0003
Benzo(a)anthracene 0.005%0.001 0.1 -
Chrysene 0.009+0.001  0.01 0.0008
Benzo(b)flouranthene 0.007+0.002 0.1 -
Benzo(k)flouranthene 0.019£0.001 0.1 0.0014
Benzo(a)pyrene 0.075%0.015 1.0 0.0066
Indeno(1,2,3-cd)pyrene 0.004%0.001 0.1 -
Dibenzo(a,h)anthracene 0.054%0.001 1.0 0.0410

Benzo(g,h,i)perylene 0.009£0.001  0.001

>16PAH 2576 2.428

0.113

Table 3: PAH Isomer Ratios of Sampled Smoked
Catfish

PAHSs Abbr This [15] [15]
ev. Study (Catfish  (Tilapia
(Catfish) ) )
Naphthalene Nap  0.03510  68.966=  41.447+
020 0.423 0.006
Acenaphthyle ~ Acy  0.196£0  0.008%0.  0.132%0.
ne 001 001 003
Acenaphthen  Ace  0.080£0  0.384+0.  0.328=%0.
e .005 036 013
Fluorene Flu  0.208+0 0.058%0. 0.052%0.
025 002 003
Phenanthren Phe 035210 0.060£0.  0.049%0.

g 012 001 001

Anthracene Ant  0.281£0 0.058%+0. 0.048%0.
010 001 003
Fluoranthene Fla 0.439£0 0.012+0.  0.010%0.
100 002 001
Pyrene Pyr 0.303£0  0.005+0.  0.003%£0.
.005 001 001
Benzo(a)anth  BaA  0.005+0  0.003+0.  0.003%0.
racene .001 001 001
Chrysene Chr  0.009£0 0.002+0.  0.002%0.
.001 001 001
Benzo(b)flou BbF  0.007£0  0.005£0. 0.003%0.
ranthene .002 001 001
Benzo(k)flou BkF  0.0192£0 0.005%£0. 0.003%0.
ranthene .001 001 002
Benzo(a)pyre ~ BaP  0.075£0  0.040£0.  0.004%0.
ne 015 030 002
Indeno(1,2,3-  IedP  0.004+0  0.014+0. 0.013%0.
cd)pyrene .001 001 002
Dibenzo(a,h) Dah  0.054£0 0.011%£0.  0.008=%0.
anthracene A .001 001 002
Benzo(g,h,i)p  Bghi  0.009t0 0.014£0. 0.010%0.
erylene P 001 001 003
>mPAH 2.576 69.645 42115

Sampl Phe An/ Flu/ Na BaA/ Ind/I

e/Iso n/A An+ Flu+ p/P BaA+ nd+B

mer nt Phe Phe he Ch ghiP

ratio

S1 1.28 0.439 0403 009 025 0.667
0 0

S2 151 0398 0.612 007 030 0.600
3 8

S3 146 0.406 0538  0.09 0.33 0.571
2 0

S4 141 0.414 0553 008 031 0.363
6 4

S5 125 0444 0592 009 036 0.285
3 9

Total 692 2101 2698 044 1550 2486
4 1

Table 4 showed the comparison of the
disttibution of total mean PAHs in the
smoked catfish of this present study with
findings from related studies [15]. Similar
detected high PAHs
concentrations in catfish (69.645 pg/kg) and

observations

tilapia fish (42.115 pg/kg) respectively in
which naphthalene showed the highest
concentrations in both samples [15]. The
result of this study also agrees with some

IV. Conclusion

The result of the study indicates the presence
PAH. The PAHs
concentration ranged between 1.74 - 258
ng/ke. It was also obsetved that the value of
PAHs in the samples increased progressively

of sixteen priorities

to 5 with varied mean
from1.74 - 258 pug/kg
suggesting that more PAHs are accumulated

from day 1

concentration

as smoking period lengthen. This could be
due to thermal breakdown of lignin in
lignocelluloses. Also, the result indicated that
aromatic

the  polycyclic hydrocarbon

contamination source may possibly emanate



from wood combustion due to
Ant/(Ant+Phen) ratio which is >0.10.

The average total PAH level of smoked
catfish (2.576 pg/kg) was lower than the
findings of some researchers who also studied
the effect of smoking on the accumulation of
PAHs on catfish and tilapia fish and obtained
mean concentrations of 69.645 pg/kg and
tilapia fish 42.115 ug/kg for catfish and tilapia
fish respectively [15]. The result of this work
revealed that the accumulation of PAHs by
the catfish samples is directly proportional to
smoking duration showing increasing order of

total PAHs concentrations.

In conclusion, the smoked fish from this
work is fit for consumption since the total
PAHs falls within 2-5 pg/kg set by the
European Commission as a tolerable limit but
due to increase in PAH levels as smoking
temperature and duration rises, there is a
possibility of the PAH level exceeding the
tolerable limit.
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