


Comparative Assessment of Polycyclic Aromatic and Total Petroleum Hydrocarbons in Three Species of Stock Fish Sold In Port Harcourt Market of Rivers State, Nigeria.


ABSTRACT
This study investigated the concentration of polycyclic aromatic hydrocarbons (PAH) and total petroleum hydrocarbons (TPH) in different species of stockfish. Three species of stockfish (Cod, Apama and Haddock) were purchased from Rumuokoro market, in Obioakpor L.G.A. of Rivers State. They were sundried for seven days and were blended into powder form and stored in an air tight container prior to laboratory analysis. The result shows that 17 PAHs were detected in the stockfish samples. Naphathalene, phenanthrene, anthracene, acenaphthelene, benzo [a]pyrene, chrysene, benzo [e] anthracene, benzo [k] fluoranthene and benzo [a] pyrene were found in highest concentration in Apama while the highest concentration of fluorine (3.50) and pyrene (9.79) were detected in sample (Cod). Haddock had the highest concentration of ancenaphthalene (6.40) and fluoranthene (2.64). The TPH result shows that undecane (4.93), tetradecane(7.71), hexadecane(8.08), octadecane (4.42), heneicosane (3.40) and hexacosane (2.20) were found in highest concentration in Apama. It was also recorded that the highest concentrations of octane (5.96), dodecane (3.29), tridecane (6.16), heptadecane (2.45), pristane and icosane were found in cod while the highest concentration of nonane (3.35), decane (5.90), pentadecane (7.03) and nonadecane (7.26) were present in haddock. It was also recorded that hentriacontane (2.33), dotriacontane (6.42), tritriacontane (3.79), tetratriacontane (5.88), pentatriacontane (8.84), hexatriacontane (2.25), heptatriacontane (2.12), octatriacontane (1.41), nonatriacontane (1.39), tetracontane(1.16) and hentetracontane(1.01) were only present in Apama. The findings of this study suggests that all three species of stock fish analyzed are contaminated with both polycyclic aromatic hydrocarbons (PAHs) and total petroleum hydrocarbons (TPHs). 
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INTRODUCTION
Stock fish is an unsalted fish, typically cod (Gardus morhua) that is air dried on wooden racks known as hjell in cold, coastal climates (Bogstad et al., 2016). The practice originated in Northern Norway more than a thousand years ago and has been a central part of Norse and late European diets and trade (Nilsen, 2018). Unlike salted cod, stock fish is preserved naturally without additives, relying solely on the cold and windy climate to dehydrate the fish. It is a traditional preserved fish product that is air-dried to prolong shelf life and make it transportable. The word stockfish is borrowed from Dutch stokvis (stick fish), probably referring to the wooden racks on which stockfish are traditionally dried or because the dried fish resembles a stick (Ogunleye and Olaiya, 2015). Stockfish is very rich in protein, B vitamins, omega-3-fatty acids, essential minerals such as iron and calcium with a mild flavour and a dense white flesh that flakes easily (Kurlansky, 2017). Production of stockfish starts from immediately after the fish are caught. They are cleaned, gutted and then split and hung on drying racks in a dry and airy environment. After several weeks, the fish reaches a stiff, wood-like texture that explains the name “stock fish” from the Germanic word stoc meaning stick (Kurlansky, 2014).  The stockfish are then sorted by quality and exported in bales to Nigeria and other West African countries. Rehydration is done using drinking water and are sold in the markets.
Stockfish is usually imported to Nigeria from some European countries particularly Norway and Iceland, In Nigeria the fish is rehydrated, sold and used in a number of different dishes (Abiodun et al., 2016). Stockfish also has regional names, including “Okporoko” among Igbos, south east of Nigeria and Bazabaza among the Benins in south-south of the country, Nigeria is one of the leading importers of fish in Africa with per capital consumption of 1.2 million metric tons (Ukoha et al., 2014). During processing of stockfish, some of the anatomical parts such as the head together with the gills and eyes are either discarded as wastes or sold to people who could not afford to buy the stockfish due to low income. Additionally, properly dried stockfish can last for years without refrigeration due to its extremely low water content and the protective effect of the drying process. 
[bookmark: _Hlk148074667][bookmark: _Hlk148074502][bookmark: _Hlk148074711][bookmark: _Hlk148074782]Although, stockfish is widely consumed, its safety can be compromised by environmental contaminants acquired during processing, transportation and marketing. Concern over polycyclic aromatic hydrocarbons (PAHs) in foodstuffs started during the 1960s and 1970s, where two classes of food toxicants producing tumours were identified and these toxicants are polycyclic aromatic hydrocarbons (PAHs) and N-nitroso compounds (Jägerstad and Skog, 2015). Polycyclic aromatic hydrocarbons (PAHs) are chemical groups that has two or more condensed aromatic rings, mostly colourless, white, or pale-yellow solids, are ubiquitous compound in air, water and soil and are categorized as general environmentally harmful pollutants (Honda et al., 2020). PAHs constitute a large class of organic compounds (about 10,000 substances) characterized by a structure made up of carbon and hydrogen atoms (Danyi et al., 2019). PAHs range from semi-volatile molecules to molecules with high boiling points; thus, they may be found both in the gas and the particulate phase of ambient air or in mixtures of both phases. They are non-polar compounds with the characteristic of lipophilic, semi-volatile and persistence properties (Plaza-Bolańos et al., 2010). Some common PAHs are benzo[a]pyrene, naphthalene, chrysene, benz[a]anthracene, benzo[k]fluoranthene and benzo[b]fluoranthene. Some PAHs are well known as carcinogens, mutagens, and teratogens and therefore pose a serious threat to the health and the well-being of humans. The most significant health effect to be expected from inhalation exposure to PAHs is an excess risk of lung cancer (Wang et al., 2011).
[bookmark: _Hlk208246897][bookmark: _Hlk208246907]Stock fish is a popular protein source in Nigeria where it is consumed due to its affordability, long shelf life and distinct taste, however the methods of processing, storage, transportation and retail handling of stock fish expose it to various environmental contaminants such as Polycyclic aromatic hydrocarbons and total petroleum hydrocarbons. Given the heavy dependence of Port Harcourt on petroleum-based economic activities and the city’s reputation as a hotspot for environmental pollution, there is a heightened risk of hydrocarbon contamination of food items marketed in open space, thus the need to evaluate the PAH and TPH content of various species of stock fish sold in this locality.

MATERIALS AND METHODS
Sample Collection and Preparation
[bookmark: _Hlk208247068]Three species of stockfish were purchased from Rumuokoro market, Port Harcourt and were properly identified in the Animal and Environmental department of Rivers State University, Port Harcourt. The stockfish samples were sundried for seven days. They were further blended into powder form using NIZMAX GX200 (6.5HP) grinding machine and stored in air tight container for subsequent use.

Analysis of PAH and TPH (AOAC, 1990)
Extraction of PAH from samples 
Ten-gram(10g sample was weighed and quantitatively transferred into a 500 mL beaker. 6g sodium sulphate was added and extracted using 300ml n hexane. The filtrate was concentrated. A 10 mL of acetonitrile was added to the sample and place in a shaker for 2 minutes. An additional 10 mL portion of acetonitrile was added, and the separating funnel closed tightly and placed on a horizontal shaker. It was then set to shake continuously for 30 minutes at 300 rpm/min and finally allowed to stand for 5 minutes to sufficiently separate the phases. A 10 mL of the supernatant was carefully taken and dried over 2 g anhydrous magnesium sulphate through filter paper into 50 mL round bottom flask. This was then concentrated to about 1mL using the rotary evaporator, and made ready for silica clean up step.


 

Clean-Up of extract (purification using Silica SPE cartridge)
One millimetre (1ml) of filtered residue was dissolved in 50ml of chloroform and transferred to a 100ml volumetric flask and which was diluted to the mark. Most of the chloroform were diluted at room temperature. Next, 1 ml of the reagent (20 vol% benzene and 55 vol% methanol) was added. It was sealed and heated it at 400c in a water bath for 10 minutes. After heating, the organic sample was extracted with hexane and water, so that the final mixture of the reagent, hexane and water, is in proportion of 1:1:1 (i.e., add 1ml was added to each of hexane and water to the reaction mixture). The mixture was vigorously shaken by hand for 2min and emulsion broken by centrifugation. Half of the top hexane phase were transferred to a small test tube for injection.
 Gas Chromatographic conditions for PAH and TPH determination
 The final extracts were analyzed by Gas Chromatograph-Buck M910 scientific gas chromatography equipped with Flame ionization detector that allowed the detection of contaminants even at trace level concentrations (in the lower μg/kg range) from the matrix to which other detectors do not respond. The GC conditions used for the analysis were capillary column coated with VF-5 (30 m + 10 m EZ guard column x 0.25 mm internal diameter, 0.25 μm film thickness). The injector and detector temperature were set at 250 ºC and 280ºC respectively. The oven temperature was programmed as follows: 120 ºC held for 4 min, ramp at 10 ºC/ min to 180 ºC, held for 2 min, and finally ramp at 5 ºC/ min to 300 ºC. Helium was used as carrier gas at a flow rate of 1.0 mL/ min and detector make-up gas of 29 Ml min-1. The injection volume of the GC was 10.0 μL. The total run time for a sample was 43 min. 
QC measurement
Quantification was performed from the GC profiles using the external standard method. The external standard was purchased from Supelco containing 16 PAH compounds (EPA 610 PAHmixture) including naphthalene [Nap], acenapthylene [Acy], acenapthene [Ace], fluorene [Flu],phenanthrene [Phen], anthracene [Anth], fluoranthene [Fla], pyrene [Pyr], benzo(a)anthracene[BaA], chrysene [Chy], benzo(b)fluoranthene [BbF], benzo(k)fluoranthene [BkF], benzo(a)pyrene [BaP], dibenz(a,h)anthracene [DbA], benzo(ghi)perylene [BghiP], indeno(1,2,3-cd)pyrene [IP]. Quantification of PAH was performed by the linear regression method (r2 > 0.99) using five-point calibration curves established between the authentic standard concentrations and corresponding peak areas. Analysis of serial dilutions of PAH standard showed the limit of detection of the chromatographic method between 0.0007 to 0.016 ug/kg for the PAH compounds. The limit of quantification (LOQ) defined as the limit of detection divided by the sampling volume was in the range of 1.8 x 10-7 and 4.10 x 10-5 ug/kg. The recovery efficiency of the method was evaluated by the analysis of filters spiked with known concentration of standard PAH compounds. Most of the compounds provided high recoveries with mean values ranging between70 to 80%. Field and laboratory blanks were routinely analyzed for quality control. Blanks levels of individual analytes were normally very low and, in most cases, not detectable. 
Quantification of PAH and TPH residues.
The residue levels of PAH were quantitatively determined by the external standard method using peak area. Measurement was carried out within the linear range of the detector. The peak areas whose retention times coincided with the standards were extrapolated on their corresponding calibration curves to obtain the concentration.
Preparation of standard
10ul of accu standard was injected in the chromatography and the retention time compared with retention time of standard.

RESULT  AND DISCUSSION
Table 1: Polycyclic Aromatic Hydrocarbon (PAHs) in three species of stock fish sold in Port Harcourt market

	S/N
	PAHs (ppm)
	 Apama 
	Cod 
	Haddock

	1
	Naphthalene
	3.05
	6.29
	3.16

	2
	Ancenaphthene
	0.22
	2.90
	6.40

	3
	Fluorene
	1.37
	3.50
	2.82

	4
	Phenanthrene
	3.15
	1.03
	0.08

	5
	Anthracene
	5.66
	4.96
	3.74

	6
	Fluoranthene
	2.52
	1.54
	2.64

	7
	Acenaphthylene
	3.42
	0.75
	1.86

	8
	Pyrene
	1.27
	9.79
	2.52

	9
	Benzo [a] anthracene
	3.09
	0.84
	1.41

	10
	Chrysene
	2.60
	1.71
	1.98

	11
	Benzo [e] anthracene
	2.72
	0.84
	2.09

	12
	Benzo [b] fluoranthene
	9.53
	1.03
	0.98

	13
	Benzo [k] fluoranthene
	6.60
	0.79
	2.09

	14
	Benzo [a] pyrene
	2.24
	2.11
	0.74

	15
	Dibenzo [a,h] anthracene
	8.80
	-
	0.63

	16
	Benzo [g,h,i] perylene
	0.84
	-
	-

	17
	Indeno [1,2,3-c,d] pyrene
	1.53
	1.01
	-



Table 2: Total Petroleum Hydrocarbon (TPH) in three species of stock fish sold in Port Harcourt market

	TPH (ppm)
	Name
	Apama
	Cod
	Haddock

	C8
	Octane
	2.94
	5.96
	4.41

	C9
	Nonane
	1.53
	3.52
	5.99

	C1O
	Decane
	4.10
	2.63
	5.90

	C11
	Undecane
	4.93
	4.39
	4.09

	C12
	Dodecane
	2.62
	3.29
	3.18

	C13
	Tridecane
	1.62
	6.16
	1.77

	C14
	Tetradecane
	7.71
	3.45
	1.43

	C15
	Pentadecane
	4.31
	2.51
	7.03

	C16
	Hexadecane
	8.08
	2.21
	1.48

	C17
	Heptadecane
	2.00
	2.45
	1.20

	
	Pristane
	4.33
	7.05
	3.26

	C18
	Octadecane
	4.42
	1.87
	2.12

	C19
	Nonadecane
	4.14
	1.25
	7.26

	C20
	Icosane
	2.99
	3.68
	3.26

	C21
	Heneicosane
	3.40
	1.78
	1.66

	C22
	Docosane
	3.10
	-
	1.32

	C23
	Tricosane
	1.82
	-
	2.59

	C24
	Tetracosane
	1.81
	-
	1.66

	C25
	Pentacosane
	5.47
	-
	1.97

	C26
	Hexacosane
	2.20
	1.57
	1.66

	C27
	Heptacosane
	6.01
	1.42
	-

	C28
	Octacosane
	3.57
	1.58
	-

	C29
	Nonacosane
	4.56
	6.85
	-

	C30
	Triacontane
	4.34
	7.37
	-

	C31
	Hentriacontane
	2.33
	-
	-

	C32
	Dotriacontane
	6.42
	-
	-

	C33
	Tritriacontane
	3.79
	-
	-

	C34
	Tetratriacontane
	5.88
	-
	-

	C35
	Pentatriacontane
	8.84
	-
	-

	C36
	Hexatriacontane
	2.25
	-
	-

	C37
	Heptatriacontane
	2.12
	-
	-

	C38
	Octatriacontane
	1.41
	-
	-

	C39
	Nonatriacontane
	1.39
	-
	-

	C40
	Tetracontane
	1.16
	-
	-

	C41
	Hentetracontane
	1.01
	-
	-



[bookmark: _Hlk208213587][bookmark: _Hlk148082215][bookmark: _Hlk208247211]Polycyclic aromatic hydrocarbons are organic pollutants and are widespread across the globe mainly due to long-term anthropogenic sources of pollution. (Abdel-Shafy and Mansour, 2016). The amount of PAHs formed during the processing of fish depends mostly on the conditions of processing. PAHs have been found to be carcinogenic when consumed in high doses. Table 1 shows the concentration of PAHs in stock fish samples. The result shows that 17 PAHs were detected in the stock fish samples. It was observed that naphathalene, phenanthrene, anthracene, acenaphthelene, benzo [a]pyrene, chrysene, benzo [e] anthracene, benzo [k] fluoranthene and benzo [a] pyrene were found in highest concentration in Apama while the highest concentration of fluorene and pyrene were detected in Cod. Haddock had the highest concentration of ancenaphthalene and fluoranthene. It was also noted that dibenzo [a,h] anthracene and  Indeno [1,2,3-c,d] pyrene were not present in Cod and Haddock respectively. Benzo [g,h,i] perylene was only present in Apama.
Apama contained the highest concentration of a wide range of PAHs, including naphthalene, phenanthrene, anthracene, acenaphthelene, benzo[a]pyrene, chrysene, benzo[e]anthracene, benzo[k]fluoranthene, and benzo[a]pyrene. The detection of benzo[a]pyrene is particularly concerning as it is a well-known carcinogen. Additionally, benzo[g,h,i]perylene was exclusively found in this sample. The presence of a high number of different PAHs, especially those with high molecular weights like benzo[a]pyrene and benzo[g,h,i]perylene, suggests a significant exposure source for this specific stock fish species. The source of these PAHs could be atmospheric deposition, industrial effluents, or improper preservation methods like smoking (Akpambang et al., 2009). The high concentration and wide variety of polyaromatic hydrocarbons (PAHs) in this sample, especially the presence of benzo[a]pyrene, present significant health risks. Benzo[a]pyrene is a well-established human carcinogen linked to various types of cancer, including lung, skin, and bladder cancer (Alomirah et al., 2009). Its presence indicates potential long-term health issues for consumers. Furthermore, the high levels of other PAHs like naphthalene and anthracene can cause eye irritation, nausea, and liver damage upon exposure (Alomirah et al., 2009).
Cod showed a different PAH profile, with the highest concentration of fluorene and pyrene. It is notable that dibenzo[a,h]anthracene was not detected in this sample. While it had lower concentrations of some PAHs compared to Apama, the presence of fluorene and pyrene still indicates environmental contamination. The differing PAH profiles among samples Apama, Cod, and Haddock could shows variations in the fish's origin, diet, or post-harvest processing and storage. While Cod had lower levels of some of the more harmful PAHs compared to Sample A, the highest concentrations of fluorene and pyrene still pose risks. Fluorene can cause kidney and nervous system damage, while pyrene is known to be an irritant to the skin and eyes (Al-Rashdan et al., 2010).
In Sample Haddock, the highest concentration of acenaphthalene and fluoranthene was detected. Similar to Cod, Indeno [1,2,3-c,d]pyrene was not present. The presence of these specific PAHs suggests contamination, though the overall pattern is different from the other samples. Acenaphthalene and fluoranthene are often associated with combustion processes, which could indicate a source of contamination from atmospheric deposition or nearby industrial activities (Llobet et al., 2006). The health risks associated with Haddock are mainly from its high concentration of acenaphthalene and fluoranthene. Acenaphthalene is a known irritant, while fluoranthene can be an irritant and a potential mutagen, meaning it can cause genetic mutations (Llobet et al., 2006). The presence of these specific compounds indicates a source of contamination that, while different from the others, still has negative health implications for consumers. This study aligns with the work of Ofori et al., 2020 who in their review concludes that PAHs pose significant risks to human and ecological health, with detected levels often exceeding international permissible limits, underscoring the urgent need for comprehensive regulatory frameworks, risk assessment, and source apportionment studies in Africa. 
[bookmark: _Hlk208247321]Total petroleum hydrocarbons are a group of chemical compounds derived from crude oil and petroleum products, released into the environment through spills, leaks and refining activities and can contaminate soil, water and food, posing health risks such as organ damage and cancer. Table 2 shows total petroleum hydrocarbon content of three species of stock fish sold in Port Harcourt market. The result shows that undecane, tetradecane, hexadecane, octadecane, heneicosane and hexacosane were found in highest concentration in sample Apama. It was also recorded that the highest concentrations of octane, dodecane, tridecane, heptadecane, pristane and icosane were found in Cod while the highest concentration of nonane, decane, pentadecane and nonadecane were present in haddock. Docosane, tricosane, tetracosane and pentacosane were only present in samples Apama and Haddock while heptacosane, octacosane, nonacosane and triacontane were only present in Apama and Cod. It was also recorded that hentriacontane, dotriacontane, tritriacontane, tetratriacontane, pentatriacontane, hexatriacontane, heptatriacontane, octatriacontane, nonatriacontane, tetracontane and hentetracontane were only present in Apama. 
Apama was rich in a wide range of TPHs. It contained the highest concentration of both lighter and heavier hydrocarbons, including undecane, tetradecane, hexadecane, octadecane, heneicosane, and hexacosane. A large number of hydrocarbons, ranging from C22 to C41, were also exclusively found in this sample. This suggests that the fish was exposed to a complex mixture of petroleum products, potentially from a significant oil spill or chronic discharge. The presence of these heavier hydrocarbons could indicate long-term exposure to contaminated water or sediments (Moon et al., 2010). The extensive total petroleum hydrocarbon (TPH) contamination, which includes both light and heavy hydrocarbons, also raises concerns about potential neurotoxic effects and damage to the central nervous system from chronic exposure (Mol et al., 2011). 
Hddock had the highest concentration of some lighter hydrocarbons such as octane, dodecane, and tridecane, as well as other hydrocarbons like heptadecane, pristane, and icosane. Pristane, a branched alkane, is a biomarker often used to trace the source of petroleum contamination. The specific profile of TPHs in this sample suggests contamination from a source with a different chemical signature than that affecting Apama. The presence of pristane, a biomarker for petroleum contamination, is also a concern. Although pristane is naturally found in some organisms, its high concentration suggests a significant petroleum source, which can lead to various health issues if consumed in large quantities (Moon et al., 2010).
Haddock contained the highest concentration of nonane, decane, pentadecane, and nonadecane. Docosane, tricosane, tetracosane, and pentacosane were also present in Haddock, but not in Cod. The different petroleum hydrocarbons in Haddock further supports the idea that the source and extent of contamination vary among the different stock fish species. The presence of various TPHs in this sample also contributes to the general risk of consuming petroleum-contaminated food, including potential long-term effects on the liver and kidneys.


CONCLUSION
[bookmark: _Hlk208247446]This study concludes that all three species of stock fish analyzed are contaminated with both polyaromatic hydrocarbons (PAHs) and total petroleum hydrocarbons (TPHs). The findings indicate that Apama had the most significant contamination, with the highest concentrations and a wider range of both PAHs and TPHs, including known carcinogens like benzo[a]pyrene. The distinct contaminant profiles of each fish species suggest that they were exposed to different sources of pollution. This study highlights a significant public health risk associated with the consumption of these fish, thus provides evidence of urgent need for regulatory action and further environmental monitoring to protect consumers and the local ecosystem. 
[bookmark: _Hlk192511329][bookmark: _Hlk187485061][bookmark: _Hlk194655630][bookmark: _Hlk209008097]
[bookmark: _Hlk204003461][bookmark: _Hlk209007716]Disclaimer (Artificial intelligence)
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