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Abstract

The PAHs in fish samples Pseudotolitus elongatus (Kroka fish) and Clarias gariepinus (Catfish) processed by
charcoal was investigated in this study with the aim of determining the levels of the potently carcinogenic PAHs
in the fish samples. 24 samples of barbecued fish products were purchased from six different barbecued spots,
processed and analyzed. The PAHs in the samples were extracted using solvents by ultrasonication and were
analyzed for the 16 US EPA polycyclic aromatic hydrocarbons using HPLC with a UV DAD detector.
Naphthalene, Acenaphthylene, Acenaphthene, 1, 2-Benzothracene weren’t detected in the entire sampled
barbecued fishes across the study locations while Benzo(a)pyrene which is considered one of the most toxic and
dangerous PAHs was detected highest in sample of Pseudotolitus elongatus gotten from Ekewan (206.69ug/kg).
PAHSs with maximum concentrations detected in sampled barbecued fish was Benzo(k)fluoranthene (647.58 pg/g)
in Pseudotolitus elongatus from S and T Ugbowo. Total PAHs concentration range from (1797.72 pg/g —
3031.44 pg/kg). The high values recorded in this study should considered relevant in sending out warning signs
on the frequent consumption of barbecued fish due to their associated health risk.

Keywords: Barbecued fish, PAHs, Charcoal, Health Risk.

Introduction

Except smokers and occupationally vulnerable populations, most individuals are exposed to PAHSs
predominantly from dietary sources (Bordajandi e al., 2008). Although for most people, fish and sea food
represents only a small part of the total diet, the contribution of this food group to the daily intake of PAHs in
some individuals may be comparatively important (Domingo et al., 2007). Traces of PAHs have been detected in
many foods (Bartoszek, 2002; EFSA, 2007) including vegetable oils, fruits, sea food (Gianguzza and Santino
2006), grilled and roasted meat, smoked fish, tea and coffee (Simko, P., 2002). In particular, benzo[A]pyrene has
been found in these samples at concentration levels between 0.1 and 100mg/kg and hence pose a health risk to
consumers (Rey-Salgueiro et al., 2008). Contamination of PAHs by intense thermal processing occur due to
generation by direct pyrolysis of food nutrients and also due to direct deposition of PAHs from smoke produced
through incomplete combustion of different thermal agents. Polycyclic aromatic hydrocarbons have been
determined and quantified in some seafood consumed around lakes in Egypt, such as Oreochromis aureus (Nile
tilapia), Portuns pelagicus (crabs), Venerupis decussate (bivalves), Strombus tricornis (clams) and Munes spp
(gastropods) (Barakat, 2004). Considering the rapid growing spots and love for barbecued fish, together with
limited data on the levels of PAH in our commonly barbecued fish in Nigeria, this study was therefore
imperative to establish the unknown facts and provide essential data.

Methodology

Sample collection: A total of twenty-four (24) samples of two different barbecued fish species commonly
consumed within Benin City namely Pseudotolitus elongates and Clarias gariepinus were purchased from three
different centres from local vendors in Benin City. Each of the samples were purchased from different centres
namely; Tips bar located Ekewan Road, S & T Barrack Ugbowo and Megor-Ishior which represents local
hangout for many average Benin. After collection, portion of each of the representative sample so obtained (5g)
was milled, packed in aluminium foil wraps and stored in the freezer at -20°C before analysis.

EXTRACTION
PAH extraction was carried out by applying the method by (Garcia-Falcon et al., 1996), about 5g milled sample
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was weighted into amber glass bottles and extracted sequentially by ultrasonication (Ultrasonic bath 1510
Branson) using 25ml of n-hexane for 1 hour. After ultrasonication the supernatant were decanted into a vial and
15ml of fresh solvent for 1 hour, the combined extracts (50ml) were centrifuged at 2500 rpm for 10 minutes and
the supernatant was decanted.

Clean Up

A solid phase extraction (SPE) cartridge was effective as it was used in the clean up. The sorbent of the SPE
cartridges were first conditioned with dichloromethane, after which the filtered extracts were loaded on to the
cartridges, the analytes were eluted with dichloromethane. The volume of the dichloromethane was blown down
to dryness and extract was reconstituted in 2ml after the solvent extraction of the PAHs from the fish samples by
ultrasonication, high performance liquid chromatography (HPLC) was used for their separation and analysis.
Agilent 6890 Series Gas Chromatography, HPLC system with a quaternary pump, vacuum degasser, a
temperature controlled column oven and UV diode-array detector was used to perform the quantification of
PAHs. PAHs separation was performed on a monomeric type octadecyl silica column, Supelcosil LC PAH 2cm
x 4.6 mm i.d containing Spum particles at ambient temperature (25+ 1°C) at a flow rate 1.0ml/min. gradient
elution using acetonitrile and water was employed (60:40 to 0:100). Peak detection and integration of data was
carried out using chemstation software series, external calibration was carried out using mixed PAH standards
from the chromatogram, the retention times of the standards were used for the identification and quantization of
the individual PAHs. a standard mixture of the USEPA 16priority PAHs and 2 PAHs derivatives (2000 pg/ml,
dichloromethane: benzene): naphthalene,acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene,
fluoranthene,  pyrene, benzo[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene,
benzo[a]pyrene, dibenzo[a,h]anthracene, benzo[g,h,i]perylene and indo[1,2,3- c,d]pyrene was obtained from
SUPELCO, Bellefonte, PA, USA. Appropriate working dilutions of the standard solution with HPLC grade
acetonitrile were made and all other solvents used were of high purity analytical grade.

Statistical Analysis
All data were subjected to one-way analysis of variance (ANOVA) using XL Stat program, and the results were
presented as mean +standard Error (95% confident interval)

Results and Discussion

In this study, twenty-four (24) samples of different barbecued fishes were analyzed and the concentrations of
PAHs were determined. The data collected after the analysis of the fish were processed and presented in graphs
to explain the results of the experiments.

TABLE 1:PAH determination in Pseudotolitus elongatus

PARAMETERS Ekewan Road Sakponba Road S & T Ugbowo Sapele Road
Naphthalene ND ND ND ND
Acenaphthylene ND ND ND ND
Acenaphthene ND ND ND ND

Fluorene 99.54+99.54 97.78+98.78 252.13+181.21 255.51+182.85
Phenanthrene 165.03+44.93 166.50+44.01 98.34+98.34 97.43+£97.43
Anthracene 178.74+72.37 179.31+74.32 64.19+64.19 62.63+62.63
Fluoranthene 71.89+71.89 72.88+72.88 43.454+43.45 42.74+42.74
Pyrene 120.20+120.20 115.21+115.21 144.19+144.19 145.47+145.47
1,2-Benzothracene ND ND ND ND

Chysene 84.75+84.75 82.73+82.73 389.76+317.59 394.47+314.57
Benzo(b)fluoranthene ND ND 113.14£113.14 113.15£113.15
Benzo(k)fluoranthene 615.31+214.85 620.85+200.69 647.584+419.98 646.31+416.08
Benzo(a)pyrene 206.69+91.09 205.36+94.98 128.37+£128.37 184.04+60.47
Dibenzo(a,h)anthracene  505.92+249.69 512.62+248.22 504.10+£335.21 521.12+£322.81
Benzo(g,h.i) perylene 221.11+88.50 224.85+89.34 265.28+163.86 270.48+164.57
Indeno(1,2,3-cd)pyrene  295.76482.67 299.16+81.64 267.34+171.13 298.09+205.18
ND/Not detected
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Table 2: PAH determination in Clarias gariepinus

PARAMETERS Megor-Ishior Siluko Road
Naphthalene ND ND
Acenaphthylene ND ND
Acenaphthene ND ND

Fluorene 52.93+52.93 53.83+53.83
Phenanthrene 46.56+46.56 48.06+48.06
Anthracene ND ND
Fluoranthene ND ND

Pyrene ND ND
1,2-Benzothracene ND ND

Chysene 51.48+51.48 52.53+52.53
Benzo(b)fluoranthene 29.03+29.03 31.50+31.50
Benzo(k)fluoranthene 458.19+197.13 460.83+189.77
Benzo(a)pyrene 145.25+10.59 152.59+5.04
Dibenzo(a,h)anthracene 145.25+10.59 283.39+71.55
Benzo(g,h.i) perylene 552.30+287.48 553.95+286.30
Indeno(1,2,3-cd)pyrene 316.73+£53.61 334.05+£66.29
ND/Not detected

A summary of the concentrations of various PAHs present in sampled fish is represented and the mean
values are shown in table 1 — 2. All the 15 targeted PAHs were detected in different quantities in the barbecued
fish. Appreciable amounts of PAHs were observed in this study. The concentration of PAH in the barbecued fish
ranges between 0 and 647.58ug/g. The distribution of average PAH contents in fish are represented above, as can
be seen from the tablel having an average total PAH level of (2564.94 ng/g). This could be ascribed to the high
fat content of the fish. (Akpan et al.,, 1994) reported that strong correlation exists between fish lipids and PAH
compounds; since PAH compounds are stored in fatty fish tissue. PAHs with maximum concentrations detected
in sampled barbecued fish was Benzo(k)fluoranthene (647.58 pg/g) as represented in table 1 Pseudotolitus
elongates from S and T ugbowo, while the minimum PAH concentration were Naphthalene, Acenaphthylene,
Acenaphthene, 1,2-Benzothracene which were not detected in all the sampled barbecue fishes across the study
locations. Benzo (a) pyrene which is considered one of the most toxic and dangerous PAHs was detected highest
in sample of Pseudotolitus elongatus gotten from Ekewan (206.69ug/kg). Pyrene and benzo[a]pyrene are two of
the best characterised PAHs and may be bio transformed in humans and animals to numerous phase 1
metabolites including 1-OH pyrene (1-OH-Pyr) and 3-OH benzo[a]pyrene (3-OH-B[a]P) (Rey-Salgueiro et al.,
2009). 3,4-benzopyrene, found in smoked products, serves as an indicator of the possible presence of other
polycyclic aromatic hydrocarbons (PAH) and has been used repeatedly as a quantitative index of chemical
carcinogens in foods. The level of B (a) P found in the barbecue fish sample across all locations was however
higher than the European regulatory maximum level for smoked meat and fishes. Some authors determined the
effects of various processing methods, steaming, roasting, smoking, charcoal grilling, etc. on foods (Chen and
Chen, 2001; Duedahl-Olesen et al., 2006; Rey-Salgueiro et al, 2009). All mentioned authors attribute the
highest PAH generation during grilling or barbecue through pyrolysis during charbroiling of fish products and
either deposition and penetration of smoke components into foods and they found a link between fat foods and
PAH levels. The hypothesis is that melted fat from the heated fish drips onto the hot coals and is pyrolyzed,
giving rise to PAHs generation, which are then deposited on the fish surface as the smoke rises.

The result in table 2 of Clarias gariepinus (Catfish) sample across the two locations was observed to
have concentrations of the low molecular weight PAHs such as naphthalene, pyrene, fluoranthene, and
anthracene were found to be lower except for chrysene with mean value of 51.48 and 52.53pg/g, phenanthrene
48.06 and 46.56pg/g, fluorine 52.93 and 53.83pg/g whose values were however higher than the European
regulatory maximum level. Similarly, significant values were recorded among the higher molecular weight
PAHs such as benzo(k)fluoranthene with mean 460.83 and 458.19ug/g, benzo(b)fluoranthene 29.03 and
31.50pg/g, Dibenzo(a,h)anthracene 283.39 and 145.25pg/g and benzo(a)pyrene 145.25 and 152.59ug/g,
meanwhile PAHs with higher molecular weight are more carcinogenic than the lower molecular weight PAHs
(Moret and Conte 2000). The carcinogenic PAH levels in smoked fish largely depend on the smoke generated
by combustion of wood and vary with the fat level of fish as explained earlier. Wood smoke contains appreciable
amounts of carcinogenic PAHs, which are the main cause of concern regarding its toxicity.

Benzo(b)fluoranthene was not detected in sample of Pseudotolitus elongatus from Ekewan and
Sakponba Road respectively but was recorded in higher concentration from sample gotten from S & T Ugbowo
with mean value 113.14 pg/g. Similarly, samples of Pseudotolitus elongatus from Sapele Road recorded mean
value of 113.15 pg/g. Results obtained in this study are highly variable and not in agreement with the results
obtained by (Simko, 2005; Reinik ef al., 2007; Akpan ef al., 1994). The discrepancies may be attributed to heat
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temperature, time, and the concentration of these compounds in the wood smoke, oxygen accessibility (17).

CONCLUSION

All the polycyclic aromatic hydrocarbons (PAHs) found in this study were among the prioritized PAHs
considered as carcinogenic. Most PAHs get into the human system through either direct or indirect ingestion.
PAHs at certain significant concentrations can be very dangerous to the health of humans. Thus, Phenanthrene
which was present in the all samples inhibits and affects the fluid balance of the body and promotes the abnormal
functioning of the body nerves and muscles. The levels of PAHs across the species were higher than the safety
limits considering that this study revealed minimum levels of Naphthalene, Acenaphthylene, Acenaphthene, 1, 2-
Benzothracene as below detection. A maximum value of 166.50pg/kg for Phenanthrene was found in
Pseudotolitus elongatus from Sakponba Road and have be observed to be higher than E.U safety limit.

ACKNOWLEDGEMENTS

Authors acknowledge the Deputy Chancellor Administration, University of Benin (Prof. L.I.N Ezemonye),
Research Team (Forensic Ecotoxicology Laboratory) University of Benin, reviewers whose comments and
criticisms have greatly enriched and improved this manuscript.

References

1. Bordajandi, L. R., Dabrio, M., Ulberth, F. and Emons, H. (2008). Optimization of the GC-MS conditions for
the determination of the 15 EU foodstuff priority polycyclic aromatic hydrocarbons. Journal of Separation
Science31: 1769-1778

2. Domingo, J. L., Bocio, A., Falco, G. and Llobet, J. M. (2007).Benefits and risks of fish consumption. Part 1.
A quantitative analysis of the intake of omega-3 fatty acids and chemical contaminants. Chemical
Toxicology230: 219-226.

3. Bartoszek, A. (2002). Mutagenic, carcinogenic, and chemo-preventive compounds in foods. In: Sikorski,
Z.E. (Ed.), Chemical and Functional Properties of Food Components, second ed. CRC Press, Boca Raton,
pp. 307-336.

4. European Food Safety Authority, (2007).Findings of the EFSA Data Collection on Polycyclic Aromatic
Hydrocarbons in Food.http://www.efsa.europa.eu./EFSA/Scientific Document Datex report pah,0.d

5. Gianguzza, A. and Santino, O. (2006). Polycyclic aromatic hydrocarbons associated with the leaves of
Quercus ilex L.: Extraction, GC-MS analysis, distribution and sources: Assessment of air quality in the
Palermo (Italy) area. Atmospheric Environment 40: 8669-8680.

6. Simko, P., (2002). Determination of polycyclic aromatic hydrocarbons in smocked meat products and
smoke flavouring food additives. J. Chromatogr. B, 770: 3-18.

7. Rey-Salgueiro, L., Garcia-Falcon, M.S., Martinez-Carballo, E. and Simal-Géandara, J., (2008). Effects of
toasting procedures on the levels of polycyclic aromatic hydrocarbons in toasted bread. Food Chemistry
108:607-615.

8. Barakat, A. O. (2004). Assessment of persistent toxic substances in the environment of Egypt. Environment
International 30: 309-322.

9. Garcia-Falcon, M. S. G., Amigo, G. S., LMA, Y.Villaizan, M. J. and Lozano, S. L. (1996). Enrichment of
benzo(a)pyrene in smoked food products and determination by high-performance liquid chromatography-
fluorescence. J. Chromatogra, 753: 207-215.

10. Akpan, V., Lodovici, M. and Dolara, P. (1994).Polycyclic aromatic hydrocarbons in fresh and smoked fish
samples from the three Nigerian cities. Bull. Environ. Contam.Toxicol. 53: 246-253.

11. Rey-Salgueiro L, Garcia-Falcon MS, Soto-Gonzalez B and Simal-Gandara J (2009). Occurrence of
polycyclic aromatic hydrocarbons and their hydroxylated metabolites in infant foods. Food Chem., 115:
814-819.

12. Chen, B. H. and Chen, Y. C. (2001).Formation of polycyclic aromatic hydrocarbons in the smoke from
heated model lipids and food lipids. Journal of Agriculture and Food Chemistry 49: 5238-5243

13. Duedahl-Olesen, L., White, S. and Binderup, M.-L.(2006). Polycyclic aromatic hydrocarbons (PAH) in
Danish smoked fish and meat products. Polycyclic Aromatic Hydrocarbons 26(3), 163—
184,d0i:10.1080/10406630600760527

14. Moret, S. and Conte, L.S. (2000). Polycyclic aromatic hydrocarbon in edible fats and oils: Occurence and
analytical methods. J. Chromatogr. A., 882: 245-253.

15. Simko P. (2005). Factor affecting elimination of polycyclic aromatic hydrocarbons from smoked meat foods
and liquid smoke flavourings. Mol. Nutr. Food Res.,49:637-647.

16. Reinik, M., Tamme, T., Roasto, M., Juhkam, K., Tenno, T. and Kus, A. 2007. Polycyclic aromatic
hydrocarbons (PAHs) in meat products and estimated PAH intake by children and the general population in
Estonia. Food Additives and Contaminants, 24(4): 429—-437.

26



WWW.iiste.or;
JLLE |

Journal of Natural Sciences Research
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) .I.

Vol.6, No.8, 2016
17. Ova, G and Onaran, S. (1998) Polycyclic aromatic hydrocarbons contamination in salmon-trout and eel
smoked by two different methods. Adv. Food Sci. 20(5/6):168-172.

27



