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ABSTRACT 

The anthropogenic pollutants derived from dumping of agrochemicals and industrial 

pollutants in the aquatic systems and indiscriminate and destructive fish handling practices 

poses health hazards to the consumers. These activities have necessitated environmental 

biomonitoring of fish and fish products which serve as a major and available source of 

protein. This study quantitatively analysed the polycyclic aromatic hydrocarbons (PAHs), 

heavy metals, pesticides and fatty acid content in five types of widely consumed dried fish 

samples in Owerri, Imo State. Heavy metal was determined using Atomic Absorption 

Spectrophotometer, and pesticides, polycyclic aromatic hydrocarbons and fatty acid 

content were determined by Gas Chromatography fitted with flame ionization detector. 

Heavy metals contents in Round fish, Stock fish, Cray fish, Cat fish and Bonga fish showed 

highest values of 0.27±0.24, 0.04±0.01, 0.06±0.01, 0.06±0.03, and 0.02±00 mg/kg of Lead 

(Pb), Cadmium (Cd), Nickel (Ni), Mercury (Hg) and Arsenic (As) respectively. While the 

least concentrations of Pb (0.06±0.04 mg/kg) in Round fish, Cd was not detected in Round 

fish, Stock fish and Cray fish with the least Cd (0.01±00 mg/kg) in Cat fish; Ni was not 

detected in Round fish and Stock fish with the least concentration (0.004±0.00 mg/kg) in 

Cray fish; lowest Hg (0.01±0.00 mg/kg) in stock fish; lowest As (0.004±0.00mg/kg) in 

Round fish and Cat fish. Pesticide residues of Aldrin, Biphenyl, Carbofuran, 

Dichlorodiphenyltrichloroethane (DDT), DichhloroBiphenyl, Dichlorvos (2,2-

dichlorovinyl dimethyl phosphate-DDVP). Endosulfan, g-chlordane, Glyphosphate, and 

Hexachlorobenzene (HCB), Heptachlor, Isopropylamine, Lindane, p'p'-DDD, Profenofos, 

t-nonachlor were detected in varying concentrations in the dried fish samples. 

Concentrations of aldrin residues in the fish samples were in decreasing order; Stock fish 

(1.082 ±0.001 mg/kg) > Bonga fish (0.679±0.001mg/kg) > Crayfish (0.205±0.001 mg/kg) 

> Cat fish (0.001±0.000mg/kg). Biphenyl residues were not detected in all the dried fish 

samples except in Cat fish (0.378±0.006mg/kg). DDT residues were not detected in all the 

dried fish samples except in Cray fish (0.318±0.007mg/kg). Concentrations of 

DichhloroBiphenyl were 0.095±0.041mg/kg in Crayfish, 0.068±0.007mg/kg in Bonga 

fish, 0.036±0.024mg/kg in Catfish, and .802±0.547mg/kg in Stockfish. Sixteen PAHs 

were detected in all the fish samples studied. Total PAHs concentrations in decreasing 

order were Cat fish (11.84±10.00 µ/kg)>Round fish (10.32±8.74 µ/kg)>Bonga fish 

(8.04±3.00 µ/kg) > Cray fish (3.92±0.54 µ/kg)> Stock fish (3.53±0.08 µ/kg). Twelve fatty 

acids were detected in varying concentrations in the five dried fish samples. Total Fatty 

acids concentration in decreasing order were Bonga fish (139.42±12.12 µ/kg) > Cray fish 

(66.15±4.80 µ/kg) > Cat fish (60.68±2.22 µ/kg) > Stock fish (59.13±4.79 µ/kg) > Round 

fish (58.28±10.09 µ/kg).The results obtained in this study indicates that indiscriminate 

dumping of agrochemicals and industrial pollutants in the aquatic systems and 

indiscriminate and unwholesome fish processing and handling practices as source of 

pesticides, heavy metals and PAHs. Furthermore, processing and handling practices were 

implicated in the decrease in the polyunsaturated and the essential fatty acid in the smoked 

dried fish samples (Bonga fish, Cat fish and Round fish) as compared to the sun dried fish 

samples(Cray fish and stock fish). 

Keywords: Heavy metals, Pesticides, Polycyclic Hydrocarbons, Fatty acids, Dried fish. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of Study 

The global consumption of fish and derived fish products has generally increased during 

recent decades (Wim et al., 2007) due to change from animal protein to fish protein with 

reduced cholesterol levels. It has been predicted that fish consumption in developing 

countries will increase by 57 percent, from 62.7 million metric tons in 1997 to 98.6 million 

in 2020 (Delgado et al., 2003). However, growing demand for aquatic products in both 

developing and developed countries has necessitated the need to maintain the present per 

capita supply of aquatic products in the future. Besides, practices such as environmental 

perturbations, overexploitation, dumping of agrochemicals and industrial pollutants, 

indiscriminate and destructive fishing practices in the aquatic systems not only reduces 

abundance and fish size but also poses health hazards to the consumers.  

Massive amounts of domestic wastewater and industrial effluents are transported by rivers 

and discharged into the sea, contaminating rivers and coastal waters. Such anthropogenic 

pollutants are the main sources of heavy metal contaminants in the ocean (Lakshmanan et 

al., 2009). Heavy metals carried down by effluents are major threats for fish consumers 

and the effects on the contamination of fishing products has become an important issue 

that must be addressed. The metal contaminants in aquatic systems usually remain either 

in soluble or suspension form and finally tend to settle down to the bottom or are taken up 

by the organisms (Reddy et al., 2007). Heavy metal contamination may have devastating 

effects on the ecological balance of the recipient environment and a diversity of aquatic 

organisms (Ashraj, 2005; Vosyliene and Jankaite, 2006). Fishes being one of the main 

aquatic organisms in the food chain may often accumulate large amounts of certain metals 

(Mansour and Sidky, 2002). Among animal species, fishes are the inhabitants that cannot 
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escape from the detrimental effects of these pollutants (Olaifa et al., 2004). Moreover, it 

is worthy to note that these heavy metals accumulate in various tissues and organs of fish 

species, which in turn may enter into the human metabolism through consumption causing 

serious health hazards Metal contamination in aquatic environments has recently received 

huge concern due to its toxicity, abundance and persistence in the marine environment, 

and subsequent accumulation in aquatic fauna and flora, which, in turn may enter into the 

human food chain and result in health problems (Heba, 2004).  

On the other hand, it must be well emphasized that the aquaculture industries are also 

exposed to many chemical, biological and other pollutants such as polycyclic aromatic 

hydrocarbons (PAHs) and pesticides. Polycyclic aromatic hydrocarbons (PAHs) are wide 

spread organic pollutant in the environment; well known for their mutagenic and 

carcinogenic effects and bioaccumulate in animal and human tissue. The sources of PAHs 

are both from natural and anthropogenic activities mainly from incomplete combustion of 

organic materials, fossil fuel and petroleum (Liang et al, 2007). PAHs can also form in 

meat cooked or fish smoked at high temperatures. PAHs are also produced during food 

processing such as grilling, roasting, smoking, and barbecuing (Adeshina et al., 2021). 

Fish smoking is highly practiced as a means of prolonging shelf life, enhancing flavor, and 

increasing utilization (El-Lahamy et al., 2019). Nigeria produces 194,000 metric tons of 

dried fish annually, 61% of which is smoked fish (Silva et al., 2011). Since smoking is a 

major source of PAH contamination in fish, the health risks associated with the 

consumption of smoked fish in Nigeria may be high (Taiwo et al., 2019). The impact of 

the smoking techniques on the amount and type of PAHs that are generated, however, 

varies (Akinrotimi et al., 2013) 

The environmental pollutants commonly called Persistent Organic Pollutants (POPs) 

include compounds previously synthesized for use as pesticides and halogenated industrial 

compounds. These compounds can resist chemical and microbial degradation and can 

persist for a long time in the environment. Being lipophilic in nature, they readily 
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bioaccumulate in the fatty tissues of organisms except for perflourinated contaminants that 

bind to proteins. These compounds can be transported far beyond the point of use or 

application. POPs can be categorized into four major groups (WHO, 2020) of which 

Pesticides is one, (organochlorine pesticides, OCPs): aldrin, chlordane, DDT, dieldrin, 

endrin, heptachlor, hexachlorobenzene, mirex, toxaphene. 

Organochlorine pesticides (OCPs) have been widely used by farmers for pest control. They 

are synthetic, non-polar, toxic, and environmentally persistent dichlorodiphenylethanes, 

cycodienes or chlorinated benzenes. The Polychorinated dibenzo-p-dioxins (PCDD), 

polychorinateddibenzofurans (PCDF), and polychlorinated biphenyls (PCBs), are a family 

of complex chlorinated compounds with similar structures and biological activity of which 

29 (7 of the 75 PCDD compounds, 10 of the 135 PCDF compounds, and 12 of the 209 

PCB compounds) have been identified as having dioxin-like toxicity (Malisch, 2017). The 

health challenges associated with these chemicals led to the ban of PCB (Koppe, 

2001).however dioxins are unintentional byproducts. Brominated flame retardants, mainly 

the polybrominateddiphenyl ethers (PBDE (e.g., pentabromodiphenyl ether (PentaBDE). 

and octabromodiphenyl ethers (OctaBDE) belong to a class of POPs banned in the 

Stockholm Convention (UNEP, 2020). These were subsequently replaced with novel 

brominated flame retardants (NBFRs) and organophophorus flame retardants (OPFRs) 

(Yang et al., 2019). Most POPs (with the exception of those which are by-products, e.g., 

dioxins) are components of different industrial and commercial appliances as well as 

additives in pesticides, plasticizers in paints, plastics, rubber products, etc. (Kodavanti, 

2014). The challenge in Nigeria, and globally, is the resistance of these compounds to 

degradation and the leaching from disposal systems and landfills (Weber et al., 2018) In 

Nigeria, there are efforts both from national regulatory agencies and international 

intervention to deal with POPs in landfills (UNDP, 2020). Humans are exposed to these 

compounds through the food chain, inhalation of air (outdoors, indoors and at the 

workplace). and from occupational and accidental exposure (Athanasiadou et al., 2008). 
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In water, they are taken up by phytoplankton, then fish (bioaccumulation and bio-

magnification processes particularly in oily fish). In Owerri, very few of the foods that are 

commonly consumed have been subject to any toxicological testing and yet they are 

generally accepted as being safe to eat. However, all chemicals, including those naturally 

found in foods, are toxic at some dose. Hence, it is therefore crucial to quantify these 

toxicants (Heavy metals, polycyclic aromatic hydrocarbons and pesticides) in dried fish 

samples consumed in Owerri.  

1.2 Statement of the Problem 

The ubiquitous nature of polycyclic aromatic hydrocarbons and the inevitable vulnerability 

of the Imo State residents to environmental contaminants such as pesticides and heavy 

metals make the quantitative analysis of these contaminants in food in particular 

smoked/dried fish consumed in Imo state is of utmost importance. There is no published 

data on the quantitative analysis of toxicants in dried fish samples consumed in Imo State. 

This reason necessitated this research. 

1.3 Justification for the Study 

Dried fish is a common protein food source ingredient used for local soups, stew and food 

seasoning with its unique indigenous aroma and taste generally and more specifically, 

residents of Owerri metropolis, Imo State. Food consumption is one major exposure route 

of toxicants to humans, but few data exist for Owerri, Imo State. In the process of drying 

of fish, sun-dried included, the level of toxic elements will become more concentrated and 

in combination with atmospheric deposition during drying, the probabilistic health effect 

in consumption of those fish may increase many fold. While a number of studies have been 

conducted on toxicants in different edible fish species there are only limited studies on 

dried fish toxicity. As dried fish occupies a special place in the diet and in most societies 

such as Owerri, Imo state and is consumed frequently, there is a need to determine the 

level of toxicants in dried fishes, and assess the concomitant risk associated with their 
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dietary intake. Result from this study may provide some relevant data on their quantitative 

levels which can be useful for environmental biomonitoring since there is no published 

data on the quantitative analysis of these toxicants in dried fish samples consumed in 

Owerri, Imo State 

1.4 Aim and Objectives of Study 

The aim of this study was to quantitatively analyze the Polycyclic Aromatic hydrocarbons, 

Heavy metals, Pesticides and Fatty acid levels in five types of widely consumed dried fish 

samples in Owerri metropolis, Imo State. 

The Objectives of this study were; 

i. To determine the Polycyclic Aromatic Hydrocarbon level 

ii. To determine the concentration of heavy metals (Lead, Cadmium, Nickel, 

Mercury and Arsenic) present in the dried fish samples 

iii. To determine the pesticides levels in dried Cat fish (Clariasgariepinus), 

Round fish (River African Cat fish), Cray fish (Cambarellusdiminutus), 

Stockfish (Gadusmorhua) and Bonga fish (Ethmalosafimbriata). 

iv. To determine the fatty acids concentration in the dried fish samples. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Fish Processing 

Fish Processing is the processes associated with fish and fish products between the time in 

which fish are caught or harvested and the time in which the final product is delivered to 

the customer. Fish is an extremely perishable food item (Agbon et al., 2002; Singh and 

Heldman, 2013; Pigott, 2015). Soon after death, fish begins to spoil. In the healthy live 

fish, all the complex biochemical reactions are balanced, and the fish flesh is sterile. After 

death, however, irreversible change that results in fish spoilage begins to occur. The 

resultant effect is the decomposition of the fish (Akinola et al., 2006; Singh and Heldman, 

2013; Pigott, 2015). A considerable effort has been directed to extend the shelf life of fish 

using preservation and processing techniques, such as refrigeration, freezing, canning, 

smoking, salting and drying (Akinyemi et al., 2011; Okonta and Ekelemu, 2005; Singh 

and Heldman, 2013; Pigott, 2015). Efficient preparation of fish is important if top quality, 

maximum yield and highest possible profits are to be achieved (Davies and Davies, 2009). 

According to Davies et al. (2008) the processed fishery products were still stored using 

traditional processing and storage technologies, respectively. Lack of adequate fish 

handling, processing techniques and storage facilities contribute significantly to the low 

supply of fish to poor rural dwellers that form three quarters of the population in 

developing countries (Ayuba and Omeji, 2006). The long distance of distribution 

necessitates some processing and storage, as preservation through refrigeration is not 

readily available in Nigeria (Agbon et al., 2002; Singh and Heldman, 2013; Pigott, 2015). 

Ayuba and Omeji (2006) reported that insect infestation is the cause of most prominent 

losses in quality and quantity of stored, dried fish in Nigeria. The need for the development 

of fish preservation and processing machinery and techniques for effective fish handling, 

harvesting, processing and storage can never be over-emphasized especially now that 
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aquaculture production is on the increase in Nigeria (Davies et al., 2008). With continuing 

growth in population, income and urbanization in Nigeria, consumer theory assures the 

future demand for good quality fish and other animal products (FAO, 2002). According to 

Horner (1992) storage life extension of smoked fish can result from a combination of 

lowered water activity and the uptake by the product of bactericidal and antioxidant 

components of wood smoke (Singh and Heldman, 2013; Pigott, 2015). With improved 

technologies, fresh fish can be processed as wanted without any significant loss of quality. 

Appropriate processing of fish enables maximal use of raw material and production of 

value-added products which is obviously the basis of processing profitability. Freshwater 

fish processing, like the processing of the other food raw materials should assure best 

possible market quality, provide a proper form of semi-processed final product, assure 

health safety of products, apply the most appropriate processing method and reduce wastes 

to the barest possible extent (Tawari and Abowei, 2011). Tawari and Abowei (2011), 

Akinneye et al. (2007) and Davies (2005) reported that the development of appropriate 

fishing machinery and techniques that use effective production, handling, harvesting, 

processing and storage, cannot be over-emphasized especially in the age when aquaculture 

development is fast gathering momentum in Nigeria. Presently in Nigeria, the 

mechanization level of fish processing is low which results from the overall limited 

production, seasonal availability of fish, poor information dissemination of the available 

improved technology to processors and lack of inexpensive equipment adaptable for 

processing (Davies and Davies, 2009). The production system is mainly artisanal, and fish 

are marketed mostly in five different forms; fresh, smoked, dried, salted and frozen (FAO, 

1996). In Nigeria, processing of fish either through smoking or drying is widely used in 

fish preservation. In the process, moisture content present in the fish is extracted through 

heating, thus inhibiting the action of microorganisms and prolonging shelf life (Clucas and 

Ward, 1996; Oyeleye, 2003; Amoo et al., 2007; Singh and Heldman, 2013; Pigott, 2015). 

Many fish species have very good preservation qualities after salting, sun drying and even 
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smoking (Madu et al., 1984; Singh and Heldman, 2013; Pigott, 2015). Eves and Brow 

(1993) reported that the processing of fish by smoking or drying enhances the nutritive 

value and promotes digestibility of protein reported that food quality and safety associated 

with aquaculture products will differ from region to region and habitat to habitat and will 

vary according to the method of production and harvesting process. Some of the traditional 

fish processing methods are associated with contamination which may be injurious to 

consumers. Many researchers have worked on traditional fish processing in Nigeria; 

Davies (2005) suggested the adoption of appropriate processing technologies that give 

satisfaction to consumers and equally preserve economical balance. Eyo (1997) reported 

the high level of post-harvest losses in Kainji lake Basin, revealing that about 35 per cent 

of fish is lost. Olokor (1997) analyzed the various advantages of adopting solar energy as 

a means of drying fish traditionally. Akinola et al. (2006) also reported different types of 

fish preservation and processing methods. It has been observed that the most prominent 

fish preservation method in Nigeria is smoke drying. This could be as a result of the fact 

that most of the coastal communities have no access to electricity to preserve and or 

process their products. Bolaji (2005) reported that despite the rudimentary nature of 

traditional processing methods, the lack of control over the drying rate, sometimes results 

to under- or over-drying and expose fish to wind, dust, dirt, insect infestation and 

contaminants such as flies. These methods still remain predominant in Nigeria. There are 

also reports that most of the fish processing communities in Nigeria used traditional 

techniques that have been in existence for many years (Tawari and Abowei, 2011; Tawari, 

2006; Davies and Davies, 2009). To reduce post-harvest losses and improve fish product 

quality, traditional processing technology must be improved by upgrading traditional fish 

processing technologies, especially by developing increased control over the production 

processes. Most available modern drying technologies are expensive and not appropriate 

for developing countries where prerequisites for these technologies, such as electricity are 

not available. Therefore, this study was focused on reviewing traditional fish processing 
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in Nigeria, identifying the needs for improvement in fish processing, the types of 

processing methods available, the modern methods of fish processing and the quality and 

safety status of traditional processed fish from Nigeria.  

2.1.1 The needs for fish processing in Nigeria 

The quality of the freshly caught fish and its usefulness for further utilization in processing 

is affected by the fish capture method. Unsuitable fishing method does not only cause 

mechanical damage to the fish but also creates stress and the conditions which accelerate 

fish deterioration after death. Fish is highly susceptible to deterioration without any 

preservative or processing measures (Okonta and Ekelemu, 2005). Emokpae (1979) 

reported that immediately after the fish dies, a number of physiological and microbial 

deterioration set in and thereby degrade the fish. Fish is a major source of protein and its 

harvesting, handling, processing and distribution provide livelihood for millions of people 

as well as providing foreign exchange earning to many countries (Al-Jufaili and Opara, 

2006). Appropriate processing of fish enables maximal use of raw material and production 

of value-added products which is obviously the basis of processing profitability freshwater 

fish processing, like the processing of the other food raw materials should: assure best 

possible market quality, provide a proper form of semi-processed final product, assure 

health safety of products, apply the most appropriate processing method and reduce wastes 

to a tolerable extent. Al-Jufaili and Opara (2006) reported high incidence of fish losses as 

a major impediment to the realization of government goal toward increasing the 

contribution of the sector to the overall national economy. The need to mechanize fish 

processing techniques has drawn the attention of national agricultural research to devote 

utmost interest and resources to engineering research in operation, to minimize the 

drudgery, reduce labor operation and unsanitary and inherent unhygienic handling that are 

mostly involved in the traditional manual operations. Eyo (1997) and Abowei and Tawari 

(2011) reported abundant fish catch in the dry season. During dry season, ponds, lakes and 
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streams experience reduced water level, for easy harvest. Thus, period of fish scarcity is 

often encountered especially during the flood and rainy seasons, during which fish are in 

short supply. Thus, it is imperative to process and preserve some of the fish caught in the 

period of abundance, so as to ensure an all year round supply. This will invariably reduce 

postharvest losses, increase the shelf life of fish and guarantee a sustainable supply of fish 

during off season with concomitant increase in the profit of the fisher folks.  

2.2 Fish Processing and Preservative Techniques in Nigeria 

Several authors (Olokor, 1997; Okonta and Ekelemu, 2005; Bolaji, 2005; Akinola et al., 

2006; Tawari, 2006) reported different types of preservation methods: drying, smoking, 

freezing, chilling and brining. But the most prominent fish preservation in Nigeria is smoke 

drying. According to Ita (1972) preservation is carried out for the purpose of extending the 

self-life of fish. The major preservation methods are mentioned below. 

Chilling  

Chilling involves cooling of fish to low temperatures without necessarily hardening fish. 

Chilling does not prevent spoilage. However, the colder the fish, the better and the lower 

are the incidences of microbial or enzymatic spoilage. Bacteria or enzyme action are not 

completely stopped, but they may be temporarily halted by chilling (Tawari and Abowei, 

2011). 

Freezing  

Freezing is different from chilling of fish. It involves turning majority of the water in the 

fish to solid at a temperature below 0°C. Freezing can extend the shelf life of products for 

a long period. Freezing is essential for export purposes (Anthonio, 1970). Fish that have 

to be preserved by freezing should be cleaned and packed before rigor mortis sets in for 

easy operation and maximum use of freezing space. Fresh fish have a characteristic sweet 

flavor, which is due in part to inosinic acid. The breakdown of inosinic acid during 

autolytic spoilage resulting in the production of hypoxanthine results in the loss of the 
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sweet flavor to bitter flavor. Sugar is produced by enzymatic action, which in turn reacts 

with the amino acids to produce the brownish or yellowish color found in frozen fish 

(Tawari and Abowei, 2011). Pure water freezes at 0°C. Fish contains about 80 per cent 

water, salts and minerals. As would be expected therefore, fish can be frozen at 

temperatures lower than 0°C. As the water freezes out, the concentration of salts and 

chemicals increases thereby lowering the freezing temperature. At about 5°C, up to 20 per 

cent of water in fish is still unfrozen (Davies, 2005; Tawari and Abowei, 2011).  

Drying  

Drying is the removal of water by evaporation. When applied to fish, drying is the removal 

of water by any method as a means of fish preservation to prolong the shelf life. In areas 

where sun drying is used traditionally, the effects of wind and weather conditions are 

important. Basically, the drying effect of the sun depends on the emission of heat from the 

sun. This is transferred to the fish, and it is accompanied by heat transfer within the fish. 

During drying, the fish shrinks and undergoes irreversible changes. Water is removed from 

the surface in the following sequence. First, water on the surface of fish evaporates. Water 

migrates to the surface of the fish from within fish tissues and evaporates. The air 

surrounding the fish then experiences a drop in temperature. This is accompanied by 

cooling of the surface of the fish. The energy required to drive the moisture from the 

surface of the fish can be obtained from a variety of sources including wood smoke, sun 

drying, solar drier electricity and mechanical driers (Davies et al., 2008; Tawari and 

Abowei, 2011).  

Smoking 

Smoking is commonest traditional method of fish preservation in Nigeria. Smoking 

combines the effect of the destruction of bacteria by compounds in the smoke, such as 

phenols and the cooking of the fish, as high temperatures will be generated. Smoked fish 

products have long shelf life, which has been attributed to the drying, antibacterial and 

antioxidant and cooking effects of smoke. Wood smoke is a mixture of complex chemical 
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product gases, vapor and volatile substances. The volatile substances are absorbed on the 

wet surfaces of fish during the smoking and produce the characteristic aroma (FAO/ UN, 

1970a; Tawari and Abowei, 2011). As it is frequently seen in fish markets, properly 

smoked fish products are dark brown in color and are mostly near perfectly dried. This 

ensures that the shelf life is prolonged, and the products get to the consumer in relatively 

good state (Tawari and Abowei, 2011).  

Salting  

Salting involves addition of salt to the fish to be preserved. There are four standard 

methods for salting fish. These are brine, dry, kench and pickle salting methods. In brine 

salting, the fish are immersed in a solution of salt in water. Where granular salt is rubbed 

into the surface of fish, the process is referred to as dry salting. Granular salt is also used 

in kench salting. In this process, the salt is rubbed into the surface of split fish, and the fish 

are stored with salt placed between each layer of fish. The liquid formed is not allowed to 

drain off the fish, which will eventually become covered with the liquid. The liquid is 

referred to as pickle. In pickle salting, the fish are packed in watertight containers with salt 

between each layer of fish. If the pickle formed does not cover the fish within 4 h, saturated 

brine is added to the fish so that it becomes immersed by the pickle. Otherwise, the fish 

may spoil (Tawari and Abowei, 2011). In dry and kench salting, the fish are packed, 

surrounded by dry granular salt. The salt dissolves on the fish surface. The liquid, which 

exudes from the fish, does not cover the fish thereby exposing surface of the fish to air. It 

is therefore the practice to keep fish in saturated brine until salt has been rubbed into fish. 

Otherwise, fat oxidation, discoloration of fish flesh and the development of rancidity 

ensure. During pickle curing of fish, the large quantity of salt used ensures that the salt is 

available in sufficient quantity to form the prickle in which the fish is eventually immersed 

(FAO, 2002; Tawari and Abowei, 2011; Abowei and Tawari, 2011). 

2.3 Dried fish Species Consumed in Owerri 
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2.3.1 Cray Fish (Palaemon hastatus) 

Crayfish are an important component of the stream ecosystem. They are significant links 

in the complex aquatic and terrestrial food webs in the ecosystem and by their feeding, 

burrowing and foraging activities, they help to maintain a high level of water quality in 

our streams which has great benefit to human lives (Reynolds et al., 2013). Most crayfish 

produced are sold to the food industry, and although some are sold for recreational fish 

bait, a small portion is marketed to the aquarium trade and to educators, who use it as study 

specimens (Ogbonna, 2013). Although in most parts of the world, crayfish are sold alive 

and eaten fresh/boiled but in Nigeria, they are usually smoked and occasionally sun-dried 

to form an indispensable food item in the diet of the entire Southern States in particular 

and Nigeria as a whole It is noteworthy that all animals that are fully aquatic and can live 

only in water and not out of the water are all lawful and permissible to consume without 

cultural, traditional or religious barriers. These includes fish, sea crab, lobster, crayfish, 

shrimp, sharks squids etc. (Mufti, 2016). Since animal protein sources such as beef, 

chicken, snails, and mutton are presently beyond the reach of the average Nigerian 

household, many people now settle for seafood products such as fish and crayfish as cheap 

sources of animal protein (Esheya, 2021a).  Crayfish is known to have a super combination 

of nutrients such as vitamin B6 and B12, fat soluble vitamins (vitamins A, D, E & K), 

phosphorus, zinc, iron, calcium, magnesium, sodium and other macro-nutrients (Udoh, 

1997). Sodium and Potassium which are vital nutrients in crayfish play the role of 

maintaining and balancing the body's fluid, helping the blood vessels to relax and maintain 

normal pressure. It is a good source of easily digestible protein with low fat. It is a high 

quality protein source because it contains all nine essential amino acids and also contains 

fatty acids (omega-3 and omega-12). The presence of omega-3 in crayfish aid in promoting 

cognitive function and helps in promoting eyesight by decreasing the risks of loss of vision 

and developing the overall body system. Crayfish is more easily digested than any other 
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type of meat due to its short muscle fiber (Teitz, 2014). Crayfish, just like fishes are eaten 

worldwide (Adamu and Esheya, 2022). 
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Plate 1: Picture of dried Cray fish (Independent Newspaper, 2019) 
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2.3.2 Bonga Fish (Ethmalosa fimbriata) 

Ethmalosa fimbriata is a popular fish consumed in Nigeria both as a source of protein and 

for taste. It is commonly known as bonga fish in the southern part of Nigeria. 

Ethmalosa fimbriata belongs to the family clupeidae and order clupiformes. It is a coastal 

and estuarine clupeid found on the West African coast. E. fimbriata is Pelagic-neritic; 

catadromous freshwater; brackish; marine, usually 0 - 50 m long, occurs in inshore waters, 

lagoons and more than 300 km up rivers (e.g. Gambia River). It feeds by filtering 

phytoplankton, chiefly diatoms and breeds throughout the year in waters of salinities 3.5-

38 ppt, but with peaks in at least some areas, spawns in the sea, in estuaries and rivers and 

marketed fresh, smoked or dried. Apart from being a cheap source of highly nutritive 

protein, it also contains other essential nutrients required by the body (Sikoki and 

Otobotekere, 1999). 
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Plate 2: Picture of dried Bonga Fish (Yeside Adesiyun, 2020) 
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2.3.3 Stock Fish (Gadus morhua) 

Stockfish is unsalted fish dried by cold air and wind on wooden racks on the foreshore, 

called ‘hjell’ (Kurlansky, 2014). Stockfish commonly referred to as “Okporoko” among 

the Igbos in Nigeria, is an important source of vitamin and protein which plays essential 

role in human development. Cod (Gardus morhua) is the most common fish used in 

stockfish production, while others such as Ling (Molvamolva). Haddock 

(Melaogrammusae glefinus). Tusk (Brosmebrosme) etc. are used to a lesser degree (Koster 

et al., 2009). The consumption of stockfish has been highly recommended because they 

are good sources of omega-3 fatty acids and other minerals associated with the health 

benefits due to their cardio-protective effect (Brawn, 2011). 

However, the level of contamination in these stockfish and the poor managerial policies 

of our aquaculture are of particular interest, because of the potential risk to humans who 

consumes those (Ukoha et al., 2014). The aquaculture industries are exposed to many 

chemical, biological and other pollution, mining, drilling and dumping of industrial wastes 

which have induced high level of polyaromatic hydrocarbons (PAHs) and heavy metals 

contamination in stockfish which may cause toxicity to humans (Amos-Tautau et al., 

2013). 
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Plate 3: Picture of dried Stock fish (Grace foods, 2020) 
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2.3.4African Cat Fish (Clarias gariepinus) 

The African catfish, Clarias gariepinus (Family Clariidae) is an economically important 

food fish; the most cultured fish species in the country, because of its fast growth rate, 

tolerance to poor water quality and ability to withstand high stocking densities (Saad et 

al., 2009). They live in freshwater and widely tolerate extreme environmental conditions 

with pH range of 6.5- 8.0 and depth of 0.8m as well as human madeplaces such as oxidation 

ponds or even urban sewer system (Skelton, 1993). They possess elongated body, large 

head and depressed body with small eyes. Narrow and angular occipital process; gills 

opening wide; air breathing labyrinth organ arising from gill arches; first gill arch with 24-

110 gill rakers; cleithrum pointed, narrow with longitudinal ridges and with sharpness 

(Benech et al., 1993). 
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Plate 4: Picture of Dried Cat fish (Godwin Paya, 2017) 
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2.3.5 Round fish 

The round fish considered in this study is also called Mangala fish. It is known to be specie 

of Cat fish. 

 

Plate 5: Picture of dried Round Fish (Godwin Paya, 2017) 
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2.4 Toxicants in Dried Fish Samples 

2.4.1 Heavy metals 

Heavy metals are defined as metallic elements that have a relatively high density compared 

to water (Fergusson, 1990) With the assumption that heaviness and toxicity are inter-

related, heavy metals also include metalloids, such as arsenic, that are able to induce 

toxicity at low level of exposure (Duffus, 2002). In recent years, there has been an 

increasing ecological and global public health concern associated with environmental 

contamination by these metals. Also, human   exposure has risen dramatically as a result 

of an exponential   increase   of their use   in several industrial, agricultural, domestic and 

technological applications (Bradl, 2002). There are reports that sources of heavy metals in 

the   environment   include   geogenic, industrial, agricultural, pharmaceutical, domestic 

effluents, and atmospheric sources (He et al., 2005). Environmental pollution is very 

prominent in point source   areas such as mining, foundries and smelters, and other metal-

based   industrial operations (He et al., 2005). Although heavy metals are naturally 

occurring elements that are found throughout the earth’s crust, most   environmental   

contamination   and   human   exposure   result   from anthropogenic activities such as 

mining and smelting operations, industrial production and use and domestic and  

agricultural  use of  metals and  metal-containing compounds   (He et al., 2005).  

Essential heavy metals play biochemical and physiological functions in plants and animals. 

Several studies have demonstrated that reactive oxygen species (ROS)   production   and   

oxidative   stress   play   a   key   role   in   the   toxicity   and carcinogenicity of metals 

such as arsenic, cadmium, chromium, lead  and mercury (Patlolla et al., 2009) and others. 

Because of their high degree of toxicity, these five elements rank among the priority metals 

that are of great public health significance. They are all systemic toxicants that are known 
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to induce multiple organ damage, even at lower levels of exposure. According to the 

United States Environmental Protection Agency (U.S. EPA) and the International Agency 

for Research on Cancer (IARC) these metals are also classified as known or probable 

human carcinogens based on epidemiological and experimental studies showing an 

association between exposure and cancer incidence in humans and animals.  

While it is accordingly appreciated that dried fish represents a popular and nutritious 

delicacy globally, frequent consumption may just conceivably infer a risk to health, some 

preservatives containing particular elements that can build up to toxic levels in body stores 

within the body. Contamination of toxic heavy metals in fish is a common problem 

worldwide. Trace elements in fish may come from various sources available in the aquatic 

environment, including within the water body itself, stored in the sediment and/or the 

terrestrial environment, the dietary habit of the fish, the preservation process and handling 

etc (Alquezar et al., 2006) Toxic heavy metals are understood to enter the aquatic food 

chain via both the dietary (direct consumption of water and biota) and non-dietary (uptake 

through absorbing epithelia in fish) (Olowu et al., 2010) routes, thus aquatic organisms 

accumulate metal concentration several fold greater than that of the surrounding medium, 

and become an important media to transfer toxic metal from one trophic level to another. 

 

The Different Heavy Metals Considered in this Study 

Arsenic 

Arsenic is a   ubiquitous   element that is detected at   low   concentrations in virtually all 

environmental matrices (ATSDR, 2000). The major inorganic forms of arsenic include the 

trivalent arsenite and the pentavalent arsenate. The organic forms are the methylated 

metabolites – monomethylarsonicacid (MMA), dimethylarsinic acid (DMA) and 

trimethylarsine oxide. 
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Mechanism of Action 

Arsenic exerts its toxic effect through impairment of cellular respiration by the inhibition 

of various mitochondrial enzymes, and the uncoupling of oxidative phosphorylation. Most 

toxicity of arsenic results from its ability to interact with sulfhydryl groups of proteins   

and enzymes, and to substitute   phosphorous in a variety of biochemical reactions (Wang 

et al., 1996). Arsenic in vitro reacts with protein sulfhydryl groups to inactivate enzymes, 

such as dihydrolipoyl dehydrogenase and thiolase, thereby producing inhibited oxidation 

of pyruvate and betaoxidation of fatty acids (Belton et al., 1985). The major metabolic 

pathway for inorganic arsenic in humans is methylation. Arsenic trioxide is methylated to 

two major metabolites via a non-enzymatic process to monomethylarsenic acid (MMA), 

which is further methylated enzymatically to dimethyl arsenic acid (DMA) before 

excretion in the urine (Hughes, 2002).    

Cadmium 

Cadmium is a heavy metal of considerable environmental and occupational concern. 

Molecular mechanisms of toxicity and carcinogenicity 

Cadmium is a severe pulmonary and gastrointestinal irritant, which can be fatal if inhaled 

or ingested. After acute ingestion, symptoms such as abdominal pain, burning sensation, 

nausea, vomiting, salivation, muscle cramps, vertigo, shock, loss of consciousness and 

convulsions usually   appear within 15 to 30min (Baselt, 2000).  Acute cadmium ingestion 

can also cause gastrointestinal tract erosion, pulmonary, hepatic or renal injury and coma, 

depending on the route of poisoning (Baselt, 2000).   Chronic exposure to cadmium has a 

depressive effect on levels of norepinephrine, serotonin, and acetylcholine (Singhal et al., 

1976) 
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Lead 

Lead is a naturally occurring bluish-gray metal present in small amounts in the earth’s 

crust. Although lead occurs naturally in the environment, anthropogenic activities such as 

fossil fuels burning, mining, and manufacturing   contribute to the release of high 

concentrations.  

Adverse Effects of Lead 

There   are many published studies that have documented the adverse effects of lead in 

children and the adult population. In children, these studies have shown an association 

between blood level poisoning and diminished intelligence, lower intelligence quotient-

IQ, delayed or impaired neurobehavioral development, decreased hearing acuity,  speech  

and  language  handicaps, growth  retardation,  poor attention  span,  and  anti-social and  

diligent behaviors  (Hertz, 2000).  In   the adult population, reproductive effects, such as 

decreased sperm count in men and spontaneous abortions in women have been associated 

with high lead exposure (Hertz, 2000). Acute exposure to lead induces brain damage, 

kidney damage, and gastrointestinal diseases, while chronic exposure may cause adverse 

effects on the blood, central nervous system, blood pressure, kidneys, and vitamin D 

metabolism (U.S EPA, 2002). 

Mechanism 

One of the major mechanisms by which lead exerts its toxic effect is through biochemical 

processes that include lead's ability to inhibit or mimic the actions of calcium and to 

interact with proteins (ATSDR, 1999). Within the skeleton, lead is incorporated into the 

mineral in place of calcium.  Lead   binds to biological molecules and thereby interfering 

with their function by a number of mechanisms. Lead binds to sulfhydryl and amide groups 

of enzymes, altering their configuration and diminishing their activities. Lead may also 

compete with essential metallic cations for binding sites, inhibiting enzyme activity, or 

altering the transport of essential cations such as calcium (Flora et al., 2007). 
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Mercury 

Mercury is heavy metal belonging to the transition element series of the periodic table. It 

is unique in that it exists or is found in nature in three forms (elemental, inorganic, and 

organic).with each having its own profile of toxicity (Clarkson, 2003). 

 

Mechanism 

The molecular mechanisms   of toxicity  of  mercury  are   based  on  its  chemical  activity   

and  biological   features  which  suggest  that  oxidative   stress  is  involved   in its  toxicity  

(Valko et al., 2006). Through oxidative stress mercury has shown mechanisms of 

sulfhydryl reactivity.  Once in the cell both Hg2+ and MeHg form covalent bonds with 

cysteine residues of   proteins and deplete cellular antioxidants. Antioxidants enzymes 

serve as a line of cellular defense against mercury compounds (Valko et al., 2006). The 

interaction of mercury compounds suggests the production of oxidative   damage   through   

the   accumulation   of   reactive   oxygen   species   which   would normally be eliminated 

by cellular antioxidants. 

2.4.2 Polycyclic aromatic hydrocarbons 

Polycyclic aromatic hydrocarbons (PAHs) are organic compounds that are mostly 

colorless, white, or pale yellow solids. They are a ubiquitous group of several hundred 

chemically related compounds, environmentally persistent with various structures and 

varied toxicity. They have toxic effects on organisms through various actions. Generally, 

PAHs enter the environment through various routes and are usually found as a mixture 

containing two or more of these compounds, e.g. soot. Some PAHs are manufactured in 

the industry. The mechanism of toxicity is considered to be interference with the function 

of cellular membranes as well as with enzyme systems which are associated with the 

membrane. It has been proved that PAHs can cause carcinogenic and mutagenic effects 

and are potent immune suppressants (Hussein and Mona, 2015). 
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Effects have been documented on immune system development, humoral immunity and 

on host resistance (Armstrong et al., 2009, CCME, 2010) PAHs can be formed both during 

biological processes and as products of incomplete combustion from either natural 

combustion sources (forest and brush fires)or man-made combustion sources (automobile 

emissions and cigarette smoke). Thus, PAHs are commonly detected in air, soil, and water. 

Therefore, PAHs are considered ubiquitous in the environment (Baklanov et al., 2007, 

Latimer and Zheng, 2003). 

Contamination of food by PAHs 

Processing procedures, such as smoking and drying, and cooking of food at high 

temperatures (grilling, roasting, frying) is commonly thought to be the major source of 

contamination by PAH. Depending on a number of parameters including time, type of fuel, 

distance from the heat source and drainage of fat, type (grilling, frying, roasting), cooking 

number of compounds including PAH are formed in the food (Hussein and Mona, 2015) 

In dried fish, the practice of using firewood as fuel to preserve or process food by smoking 

is known to result in high amounts of carcinogenic compounds called polycyclic aromatic 

hydrocarbons (PAHs) in the food (Stolyhwo and Sikorski, 2005). Studies have linked the 

occurrence of PAHs in smoked fish in Africa to the practice of smoking fish (Olabemiwo 

et al., 2011). 

Effect on human health 

Seventeen (17) PAHs have been identified as being of greatest concern with regard to 

potential exposure and adverse health effects on humans and are thus considered as a 

group. Biological monitoring of exposure to PAHs is of primary interest, due to the 

widespread diffusion of these compounds and to their toxicological relevance. However, 

the health effects of individual PAHs are not exactly alike. In fact, the International 

Agency for Research on Cancer (IARC, 2010) classifies some PAHs as known, possibly, 

or probably carcinogenic to humans (Group 1, 2A or 2B). Among these are benzo[a]pyrene 

(Group 1), naphthalene, chrysene, benz[a] anthracene, benzo[k]fluoranthene and 
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benzo[b]fluoranthene (Group 2B) (IARC, 2010). 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 (Kim et al., 2013) 

 

Metabolism of Polycyclic Aromatic Hydrocarbons 

Studies were carried out comparing the metabolism of the PAHs; Phenanthrene (PHE), 

Flouranthene (FLA) and Benzo(a)pyrene (BAP) in single, binary, and ternary mixtures by 

monitoring the disappearance of the parent compound. It was observed that PAH 

metabolism in the single PAH experiment differed from metabolism in both binary and 

ternary mixtures. Enzyme competition was evident in the metabolism of mixtures, 

changing significantly the metabolism patterns of individual PAHs. PAH structure was 

also seen to affect metabolism in mixtures and the possible creation of toxicity effects 

during mixture metabolism. PAH concentration changed over time with faster change 

during single PAH metabolism followed by ternary mixture metabolism and finally binary 

metabolism (Beneditti et al., 2007; Tarantini et al., 2011). 

Due to the high lipophilicity of PAHs, their bioavailability after ingestion and inhalation 

is significant. Scientific investigations have shown that detectable levels of PAH occur in 

almost all internal organs, particularly in organs that are rich in adipose tissue. These 

organs can serve as storage depots from which the hydrocarbons can be gradually released. 

Once the PAHs enter the organism they require a multistep metabolic activation by specific 

enzymes. The enzyme system that is primarily responsible for PAH metabolism is the 

mixed-function oxidase system. The first reaction is an epoxidation. PAH epoxides can 

then be conjugated with glutathione and this is regarded as a true detoxification reaction. 

The epoxides that are not conjugated with glutathione are converted into phenols and diols. 

Such PAH metabolites, nevertheless, are sometimes not sufficiently polar to be excreted. 
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Therefore, they have to be conjugated with glucuronic or sulfuric acids to enable excretion. 

Most metabolites of PAH are excreted in feaces and urine (Campo et al., 2010) 

2.4.3 Pesticides 

Pesticides are substances used to control pests, including insects, aquatic weeds, plant 

diseases, and Aquatic snails that carry the cause of schistosomiasis. Pesticides have been 

found to be highly toxic not only to fish but also to the other organisms, which constitute 

the food chain. Pesticides in general, are used very extensively in agriculture, forestry, 

public health and in veterinary practices. Pesticides are categorized according to their 

target use. The three major pesticides are herbicides (weed control), insecticides (insect 

control) and fungicides (Mycotic control), but the more acute toxicity are insecticides. 

Since fishes are important sources of proteins and lipids for humans and domestic animals, 

so health of fishes is very important for human beings. Insecticides are the chemicals used 

to control insects by killing or preventing them from engaging in unwanted behaviors or 

destructive. The contamination of surface waters by insecticides is known to have ill 

effects on the growth, survival and reproduction of aquatic animals. Different 

concentrations of insecticides are present in many types of waste water and numerous 

studies have found them to be toxic to aquatic organisms, especially fish species. 

Application of insecticides used for control a wide variety of insectivorous and herbaceous 

pests which would otherwise diminish the quantity and quality of food production (Farid, 

2015). 

A Pesticides capacity to harm fish and aquatic animals is largely a function of its toxicity, 

exposure time, dose rate, and persistence in the environment. A lethal dose is the amount 

of pesticide necessary to cause death because not all animals of a species die at the same 

dose, a standard toxicity dose measurement, called a lethal concentration 50 (LC50), is 

used. This concentration of pesticide that kills 50% of a test population of fish within a set 

period of time is usually determined after 24 to 96 hours. 
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Exposure of fish and other aquatic animals to pesticides depends on its biological 

availability (Bioavailability), bioconcentration, biomagnifications, and persistence in the 

environment. Bioavailability refers to the amount of pesticide in the environment available 

to fish and wildlife (Farid, 2015). Some pesticides are rapidly broken down after 

application. Some bind tightly to soil particles suspended in the water column or to stream 

bottoms, thereby reducing their availability. Some are quickly diluted in water or rapidly 

volatize into the air and are less available to aquatic life. Bio-magnification is the 

accumulation of pesticides at each successive levels of the food chain. 

Generally, fish is a perishable commodity and there has been large scale deterioration and 

losses in the quality of processed fish due to the combined effects of insect infestation and 

other biological agents that flourish under the tropics hot and humid conditions 

(Mohammed and Yusuf, 2001). Control measures against insect infestation of dried and 

smoked fish include the injudicious use of harmful chemical insecticides such as 

dichlorvos, DDT and heptachlor to keep away insects and other pests (Bhuiyan et al., 

2008). These pesticides have induced the development of pests resistance (Mohammed 

and Yusuf, 2001), leading to the applications of higher pesticides doses (UNEP, 2002). 

 

2.5 Fatty acid profile 

For many centuries, fish has been one of the main foods for humans and constitutes an 

important part of diet in many countries. They are good sources of important nutrients and 

constitute desirable components of healthy diet. The high nutritional value and easy 

digestibility are the advantages of fish as food. Fishes are rich source of omega‐3 (n‐3) 

long chain polyunsaturated fatty acids (PUFAs). These are essential for maintaining the 

integrity of membrane of all living cells. PUFAs serve as precursors for prostaglandins 

which regulate inflammation and blood clotting. The fish also contains 

eicosapentaenoicacid (EPA) and docosahexaenoic acid (DHA) which are important in the 

reduction of some risk factors associated with arteriosclerosis and heart disease. (Calder 

https://scialert.net/fulltext/?doi=jas.2010.975.980#241514_ja
https://scialert.net/fulltext/?doi=jas.2010.975.980#241514_ja
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2004). The n‐3 PUFAs are very important because they play a vital role in the development 

and functioning of nervous system (brain), photoreception (vision), and reproductive 

system (Bourre, 2007). Nowadays it is known that the essential fatty acid (EFAs) of the 

omega-6 series, especially linoleic acid (LA). C18:2n-6 and arachidonic acid (AA). 

C20:4n-6, and the omega-3 series especially linolenic acid (LNA). C18:3n-3, 

eicosapentaenoic acid (EPA). C20:5n-3 and docohexaenoic acid (DHA). C22:6n-3 are 

essential for development and growth, and they play a key role in the prevention and 

management of coronary heart diseases, hypertension, diabetes, arthritis, cancer and other 

inflammatory and autoimmune conditions (Simpoulos, 2009). The fatty acid composition 

of fish may vary from one fish species to another and between freshwater fish to marine 

water fish, so it is important for human health, to increase the consumption of fish 

(Sergeant, 1997). Fish being an important source of animal proteins, play a significant role 

in the diet of many people in developing countries. Their amino acids are nutritionally 

superior to that of cereals grains. Fish protein can therefore be used to ameliorate protein 

quality of mixed diet (UNFAO, 2004). As a way of extending storage life and increasing 

its economic market value, fresh fish in Far North of Cameroon is processed through sun 

drying, smoking, and freezing (Tull, 1997). The preservation effect of smoking and sun 

drying are mainly due to the decrease in water activity and thus prevention of growth of 

many spoilage microorganisms (Doe, 1998). 

Several authors pointed out that the processing can affect the proximate composition, the 

lipid composition of fish, especially the fatty acids content, by changing the nutritional 

value of processed products in relation of raw samples. Moreover, Tenyang et al. 

(2013) reported that heat treatment can lead to undesirable changes, such as loss of 

essential fatty acids, reducing nutritional value of fish, mainly due to lipids oxidation. 

However, there is a great variability in changes concerning individual fatty acids in 

response to different processing methods (Tenyang et al., 2013) Despite the various studies 
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focusing on the effect of processing methods on nutritive value, lipid oxidation and fatty 

acids profile of different fish species (Akinwumi, 2014). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Materials 

3.1.1Equipment and instruments 

The following equipment were used in this study: Buck 530 Gas Chromatograph equipped 

with an on-Column, automatic injector, electron Capture detector, HP 88 Capillary 

Column CA, USA, and Mass Spectroscopy, Florisil Column, Agilent FS240AA Atomic 

Absorption Spectrophotometer, Rotary Vacuum Evaporator, Evaporating flask, test tubes, 

pipettes, beaker, desiccators and volumetric flask and Weighing Balance. 

3.1.2 Chemicals and reagents 

i. Anhydrous Sodium Sulphate 

ii. n-Hexane 

iii. Activated Florisil (Magnesium Silicate) 

iv. Chloroform 

v. Benzene  

vi. Methanol 

vii. Acid mixture (Conc. HNO3, Perchloric acid and Conc. H2SO4) 

viii. Metal free distilled water 

3.1.3 Collection of samples 

The samples of dried Bonga fish (Ethmalosa fimbriata), Cray fish (Palaemon hastatus), 

Stock fish (Gadus morhua), Cat fish (Clarias gariepinus) and River African Cat fish 

(known as Round fish) sold and consumed in Owerri Imo State Nigeria, were purchased 

from two popular markets Ekeonunwa market and Relief Market. Five fish (dried) samples 

of each was purchased from five different outlets in Ekeonunwa Market and pooled 

together as representative sample for each fish type. Same collection process was used in 
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Relief Market. The samples were labeled accordingly in a sterile polythene bag and 

transported to the laboratory. The samples were identified at the Department of 

Aquaculture and Fishery in the School of Agriculture and Agricultural Technology, 

Federal University of Technology, Owerri, Imo State Nigeria. At the laboratory, the 

samples were dried at 70° C for 1 hour and homogenized using a stainless steel micro 

hammer mill. The milled samples were stored in a glass vial for digestion and further 

analysis. 

3.2 Methods 

3.2.1 Determination of heavy metal concentration in fish 

Fish samples were digested for heavy metals determination according to the method of 

Adrian, (1973). Wet digestion of dried fish sample was performed with the acid mixture: 

Nitric acid (650 ml conc. HNO3), Perchloric acid (80 ml HCIO4) and Sulphuric acid (20 

ml H2SO4). Two grams (2 g) of the dried fish sample was weighed into a digestion flask 

and 20 ml of the acid mixture was added. The mixture was heated until a clear digest was 

obtained. The digest was diluted with distilled water to the 50 ml mark in the flask. Heavy 

metal concentrations in fish samples were conducted using Agilient FS240AA Atomic 

Absorption Spectrophotometer (AAS) according to the method of APHA (1995). The AAS 

was calibrated using standard solutions for each metal analysed. Afterward, the digested 

sample was introduced to the Agilient FS240AA AAS to determine the concentrations of 

the respective metals of interest.  A series of standard metal solutions in the optimum 

concentration range were prepared, the reference solutions were prepared by diluting the 

single stock element solutions with water containing 1.5 ml concentrated nitric acid/litre. 

A calibration blank was also prepared using all the reagents except for the metal stock 

solutions. Calibration curve for each metal was prepared by plotting the absorbance of 

standards versus their concentrations. 
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3.2.2 Determination of Pesticide Residues by Gas Chromatography (GC) Analysis 

Ten grams of the homogenized fish sample was mixed with 60g of anhydrous sodium 

sulphate in agate mortar to enable moisture absorption. The homogenate was added into a 

calibrated 500 ml flask and extraction done with 300ml of n-hexane for 24 h. The crude 

extract was dried with a rotary evaporator at 40 oC. Then, 1.0 ml of the filtered residue was 

dissolved in 50 ml chloroform. Pesticide residues were extracted by n-hexane, benzene 

and methanol as described by AOAC (1990) and Pesticide analytical manual (1991). 

Aliquots of 1.0 μl of extracts of pesticide residues were injected into a Buck 530 gas 

chromatograph equipped with an on – column, automatic injector, Electron capture 

detector, HP 88 capillary column (100m x 0.25µm film thickness) CA, USA. The Buck 

530 gas chromatograph was run under the following GC-instrument conditions: Detector 

Temperature A: 280oC, Column temperature 210oC, Injector temperature 250oC, and 

Integrator chart speed: 2cm/min. The oven temperature of GC was fixed at 180oC and was 

allowed to warm up. While warming, the following temperature conditions were set thus: 

The initial oven temperature was 120oC, for 4 min and ramp for 10 min to final temperature 

of 180oC. The injection and detector temperatures were 180ºC and 300ºC, respectively. 

Furthermore, 10 µl of accu standard was injected in the chromatography and the retention 

time compared with retention time of standard. Concentrations of pesticide residues in the 

fish samples were calculated. 

3.2.3 Determination of Polycyclic aromatic hydrocarbons 

Dried fish samples content of PAHs was determined using Gas Chromatography as 

described by AOAC (1990). The fat content was extracted by Soxhlet extraction method 

using 20g of the homogenized sample mixed with 60g anhydrous sodium sulphate in agate 

mortar to absorb moisture. The homogenate was placed in 500ml beaker and extracted 

with 300 ml of n-hexane and the crude extract dried at 40o C with rotary vacuum 

evaporator.  
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One gram (1 g) of the n-hexane extract was dissolved in 50ml of chloroform, transferred 

to a 100ml volumetric flask and dilute to the mark. After evaporation of most of the 

chloroform at room temperature, 1 ml of a mixture of 20 vol% benzene and 55 vol% 

methanol was added. The flask was sealed and placed in a water bath for 30 min at 40oC. 

Afterwards, the organic phase was extracted with hexane and water, to a final mixture of 

reagent, hexane and water in proportion of 1:1:1 (i.e., add 1ml each of hexane and water 

to the reaction mixture). The mixture was agitated vigorously for 2 min. Finally, about half 

of the top hexane phase was transferred to a small test tube for injection into the GC 

column. The GC-FID instrument used was a Buck 530 gas chromatograph equipped with 

an on – column, automatic injector, Electron capture detector, HP 88 capillary column 

(100m x 0.25µm film thickness,) CA, USA, with the following parameters: Detector 

Temperature A:280 0C; Column temperature 210 0C; Injector temperature 250 0C; 

Integrator chart speed: 2cm/min. The GC oven temperature was set at 1800C and allowed 

to warm up after which 1 µl n-hexane extract was injected onto column A of GC using 

proper injection technique. 

3.2.4 Determination of Fatty acid profile 

Sample Preparation 

The homogenized fish samples (20 g) of each sample were soaked in 300 ml of n-hexane 

for 48 hrs for oil extraction. Afterwards, the setup was filtered into a round bottom- flask 

using Whatman filter paper. After filtration, the oil was separated from the sample with 

the aid of soxhlet apparatus, and the oil was collected using a beaker. Finally, the extracted 

oil was concentrated at 40o C with rotary vacuum evaporator. 

Fatty acid profile was determined by Buck 530 Gas Chromatography as described by 

AOAC (1990). Some quantity of cotton wool was placed in a separating funnel, then a 

measurement of 1 g and 0.5 g of sodium sulphate and magnesium silicate was taken 
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respectively and added into the separating funnel. The mixture was made wet by using 5 

ml of n-hexane after which the extracted oil was introduced into the mixture and allowed 

to stand for 20 mins. The tap of the separating funnel was unlocked and solvent was 

allowed to go into the gas chromatography sample container. With the aid of a syringe 2 

ml of the solvent was taken and injected into the GC. The 530 gas chromatography was 

equipped with an on- column, automatic injector, electron capture detector, HP 88 

capillary column (100m × 0.25µm film thickness). CA, USA. The oven temperatures was 

programmed from an initial temperature of 180 ⁰C (4 min hold) rising to 200 ⁰C in 10 min. 

Identification was made by comparison of retention time to those of authenticated 

standards for 45 min per parameter after which the result was printed out. 

Statistical Analysis  

At the end of the study data obtained were subjected to analysis of variance (ANOVA) and 

least of significant difference (LSD) at P<0.05. Data were analyzed using SPSS 20.0 

software and results were presented as mean values ± standard deviation (SD). 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 RESULTS 

 

Table 4.1.1: Concentrations (mg/kg) of heavy metals in dried fish samples consumed in 

Owerri, Imo State Nigeria 

Heavy metals  Round Fish  Stock Fish  Cray Fish  Cat Fish Bonga Fish 

Lead  0.06±0.04a 0.09±0.09a 0.16±0.13a 0.17±0.07a 0.27±0.24a 

Cadmium ND ND ND 0.01±00a 0.04±0.01b 

Nickel  ND ND 0.004±0.00a 0.005±0.00a 0.06±0.01b 

Mercury  0.02±0.00ab 0.01±0.00a 0.02±0.01a 0.02±0.005a 0.06±0.03b 

Arsenic  0.004±0.00a 0.01±0.00b 0.01±00ab 0.004±00ab 0.02±00c 

Rows represent mean ± standard deviation of duplicate determinations. Values bearing 

different superscripts per row are significantly (p<0.05) different 
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In this study, five heavy metals in dried fish samples which include lead (Pb), cadmium 

(Cd), Nickel (Ni), mercury (Hg) and Arsenic (As) were evaluated. The result showed the 

presence of Pb, Hg and As in all the fish samples evaluated whereas in Cray fish, Round 

fish and Stock fish, Cd was not detected and Ni was not detected in Round fish and Stock 

fish. Furthermore, Pb showed the highest concentration in all the fish samples with Pb 

concentration of 0.27±0.24 mg/kg in Bonga fish and Pb concentration of 0.17±0.07 mg/kg 

Cat fish presenting the highest amount. 

 Residual Pb concentration presented no significant difference (P ≤ 0.05) amongst the fish 

samples studied. Residual Pb concentration ranged from 0.06±0.04mg/kg in Round fish to 

0.27±0.24 mg/kg in Bonga fish and these concentrations were below 1.0 mg/kg maximum 

permissible limits (MRL). Residual Cd was significantly (P ≤ 0.05) higher in Bonga fish 

(0.04±0.01 mg/kg) compared to Cat fish (0.01±00 mg/kg) and these Cd concentrations 

were below 0.3 mg/kg maximum permissible limits for Cd. Nickel residues were 

0.004±0.00 mg/kg in Crayfish to 0.06±0.01 mg/kg in Bonga fish and these were below the 

0.10 mg/kg maximum permissible limits for Ni. Mercury and Arsenic residues were 

detected in all the fish samples but their concentrations were below 0.5 mg/kg and 1.4 

mg/kg maximum permissible limits for Hg and As respectively. Furthermore, this study 

recorded heavy metal concentration of selected fish in the following descending order in 

Bonga Fish: Pb, 0.27±0.24 mg/kg > Hg, 0.06±0.03 mg/kg > Ni, 0.06±0.01 mg/kg > Cd, 

0.04±0.01 mg/kg > As, 0.02±00 mg/kg. Cat Fish: Pb, 0.17±0.07 mg/kg > Hg, 0.02±0.005 

mg/kg > Cd, 0.01±00 mg/kg > Ni, 0.005±0.00 mg/kg > As, 0.004±00 mg/kg  
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Table 4.1.2: Concentrations (mg/kg) of Pesticides in dried fish samples consumed in 

Owerri, Imo State Nigeria 

 Pesticides 

(mg/kg) Round fish Stock fish Cray fish Catfish Bonga fish 

Aldrin ND 1.082 ±0.001d 0.205±0.001b 0.001±0.000a 0.679±0.001c 

Biphenyl ND ND ND 0.378±0.006a ND 

Carbofuran 0.281±0.007b ND ND ND 0.207±0.007a 

DDT ND ND 0.318±0.007a ND ND 

DichhloroBiphnyl ND ND 0.095±0.041c 0.036±0.024ab 0.068±0.007bc 

Dichlorvos 0.505±0.077c 1.119±0.353e 0.668±0.071d 0.146±0.014a 0.282±.007b 

Endosulfan 0.421±0.092a 1.430±0.021b 0.5950±0.160a 0.388±0.007a 0.663±0.369a 

g-chlordane 0.257±0.141ab 0.745±0.187c 0.544±0.050bc ND 0.373±0.256abc 

Glyphosphate 0.332±0.014a ND ND 0.420±0.083a ND 

HCB 0.291±0.120a 1.802±0.547b 0.339±0.014a 0.001±0.00a ND 

Heptachlor 0.528±0.287a 1.096±1.007a 0.737±0.014a ND ND 

Isopropylamine 0.550±0.137a ND 0.485±0.099a 0.397±0.128a 0.362±0.115a 

Lindane 0.174±0.014b 1.515±0.141c ND 0.039±0.014ab ND 

p'p'-DDD 0.175±.014b 0.601±0.007c 0.174±0.014b 0.097±0.138ab ND 

Profenofos ND 0.169±0.021a 0.503±0.007b ND ND 

t-nonachlor 0.270±0.046a 0.506±0.339a 0.350±0.071a 0.187±0.014a 0.347±0.490a 

 

Rows represent mean ± standard deviation of duplicate determinations. Values bearing 

different superscripts per row are significantly (p<0.05) different. ND = Not detected 
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In this study sixteen pesticides; consumed in Owerri Imo State Nigeria. The result shows 

that all the dried fish samples studied contain one or more of these pesticide residues.  

Aldrin residues in these samples; Stock fish (1.082 ±0.001 mg/kg) > Bonga fish 

(0.679±0.001mg/kg) > Crayfish (0.205±0.001 mg/kg) were above the maximum 

permissible limits (MPL) of 0.2 mg/kg for Aldrin as reported by reputable international 

regulators and agencies for the detected pesticide residues (ATSDR 2002). Biphenyl was 

not detected in all the fish samples except in Cat fish (0.378±0.006 mg/kg). Carbofuran 

was only detected in Round fish (0.281±0.007 mg/kg) and Bonga fish (0.207±0.007 

mg/kg) samples. DDT residues were not detected in all the dried fish samples except in 

Cray fish which presented 0.318±0.007mg/kg and it is above MPL of 0.01 mg/kg for DDT 

in foodstuffs. DichhloroBiphenyl was present in concentrations of 0.095±0.041mg/kg in 

Crayfish, 0.068±0.007mg/kg in Bonga fish and 0.036±0.024mg/kg in Catfish and these 

values were below the MPL of 0.2 mg/kg set for DichhloroBiphenyl. 

Dichlorvos (DDVP) concentrations of 1.119±0.353mg/kg in 

Stockfish>0.668±0.071mg/kg in Crayfish > 0.505±0.077 mg/kg in Roundfish> 

0.282±.007mg/kg in Bonga fish > 0.146±0.014mg/kg in Catfish were all above the 0.1 

mg/kg MPL of pesticides residues in foodstuffs. Endosulfan residues were detected in all 

the fish samples with the highest amount of 1.430±0.021mg/kg in Stockfish> 

0.663±0.369mg/kg in Bonga fish > 0.5950±0.160mg/kg in Crayfish and are above the 0.5 

mg/kg MPL of Endosufan. For g-chlordane all the fish samples (except Catfish) presented 

concentrations of pesticides residues above maximum permissible limits0.1 mg/kg.  

Glyphosphate residues were detected at concentrations of 0.332±0.014mg/kg in Round 

fish and 0.420±0.083mg/kg in Bonga fish. Hexachlorobenzene in the fish sample ranged 

from 0.001±0.00mg/kg in Catfish to 1.802±0.547mg/kg in Stockfish sample, with the 

Stockfish presenting HCB residue above 0.5 mg/kg MPL. Heptachlor residues were 

1.096±1.007 mg/kg in Stockfish> 0.737±0.014 mg/kg in Crayfish > 0.528±0.287 mg/kg 

Round fish and all are above the MPL of 0.01 mg/kg. Isopropylamine residues were 
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0.362±0.115mg/kg in Bonga fish to 0.550±0.137mg/kg in Round fish and all above MPL 

of 0.1 mg/kg. The residues of Lindane of 1.515±0.141 mg/kg in Stockfish, 

0.174±0.014mg/kg in Round fish and 0.039±0.014mg/kg in Catfish were significantly 

higher than the 0.02 mg/kg MPL. p'p'-DDD.  Profenofos residues were 0.169±0.021mg/kg 

in Stockfish and 0.503±0.007mg/kg in Crayfish and within the MPL of 0.5 mg/kg. The 

residual concentration of t-nonachlor which ranged from 0.187±0.014mg/kg in Catfish to 

0.506±0.339 mg/kg in Stockfish were all above the 0.04 mg/kg MPL. 
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Table 4.1.3: Concentrations (µg/kg) of polycyclic aromatic hydrocarbons in dried fish 

samples consumed in Owerri, Imo State, Nigeria 

 PAHs µg/kg Bonga fish Cat fish Cray fish Round fish Stock fish 

Naphthalene 1.49±1.52a 0.39±0.48a 0.02±0.00a 0.07±0.09a 0.01±0.01a 

2-methyl naphthalene 0.08±0.02a 0.46±0.49a 0.05±0.03a 0.08±0.09a 0.04±0.03a 

Acenaphthylene 1.66±0.14a 1.12±1.03a 0.16±0.15a 0.87±1.00a 0.26±0.04a 

Fluorene 0.69±0.24b 0.27±0.33ab 0.01±0.00a 0.04±0.03a 0.01±0.00a 

Acenaphthene 0.03±0.03a 0.07±0.09a 0.03±0.01a 0.04±0.05a 0.01±0.00a 

Phenanthrene 0.05±0.06a 0.15±0.16a 0.01±0.00a 0.48±0.65a 0.07±0.00a 

Anthracene 0.06±0.05a 0.90±1.26a 0.00±0.003a 0.16±0.21a 0.02±0.01a 

Fluoranthene 0.05±0.03a 0.26±0.37a 0.00±0.002a 0.11±0.14a 0.03±0.01a 

Pyrene 0.02±0.01a 1.02±0.32a 0.65±0.30a 2.65±0.85b 0.02±0.02a 

Benzo (a) anthracene 0.04±0.04a 0.02±0.00a 0.05±0.03a 0.68±0.68a 0.10±0.06a 

Chrysene 0.77±1.06a 0.06±0.02a 0.05±0.04a 0.67±0.81a 0.18±0.03a 

Benzo (b) fluoranthene 0.02±0.00a 0.27±0.37a 0.00±0.00a 0.22±0.29a 0.05±0.01a 

Benzo (k) fluoranthene 0.68±0.08b 0.16±0.14a 0.05±0.02a 0.31±0.21a 0.07±0.04a 

Benzo (a) pyrene 0.01±0.00a 0.11±0.16a 0.08±0.02a 0.22±0.30a 0.02±0.02a 

Dibenz (a, h) 

anthracene 

0.03±0.03a 0.44±0.41a 0.16±0.08a 1.48±1.92a 1.12±0.56a 

Indeno (1,2,3-cd) 

pyrene 

2.06±0.04a 5.09±3.80a 1.71±0.53a 1.25±0.33a 0.59±0.29a 

Benzo (g, h, i) perylene 0.29±0.04a 1.04±1.21a 0.89±0.64a 1.01±1.09a 0.95±0.89a 

Total 8.04±3.00b 11.84±10.00b 3.92±0.54a 10.32±8.74b 3.53±0.08a 

Rows represent mean ± standard deviation of duplicate determinations. Values bearing 

different superscripts per row are significantly (p<0.05) different 
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The results of Table 4.1.3 shows that total PAHs concentration in the dried fish samples 

ranged thus 11.84±10.00 µ/kg> 10.32±8.74 µ/kg> 8.04±3.00 µ/kg> 3.92±0.54 µ/kg> 

3.53±0.08 µ/kg. Cat fish, Round fish, Bonga fish, Cray fish and Stock fish respectively. 

The concentrations of BaP (Benzo (a) pyrene) ranged thus: 0.22±0.30 µ/kg>0.11±0.16 

µ/kg>0.08±0.02 µ/kg> 0.02±0.02 µ/kg> 0.01±0.00 µ/kg in Round fish, Cat fish, Cray fish, 

Stock fish and Bonga fish respectively. Also, other important PAHs; benz(a)anthracene, 

benzo(b)fluoranthene, and chrysene were also detected in appreciable amount. 
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Table 4.1.4: Concentrations (µg/kg) of Fatty acids in dried fish samples consumed in 

Owerri, Imo State Nigeria 

Sample (mg/kg) Bonga Fish Cat Fish Cray Fish Round Fish Stock Fish 

Lauric acid (C 12) 9.74±0.00c 2.70±0.01a ND ND 3.58±0.04b 

Myristic acid (C 14) 0.05±0.05a 3.43±0.04a ND 2.49±0.12a 6.27±5.67a 

Palmitic acid (C 16) ND 5.86±0.04b 4.98±0.23b 3.62±1.69ab 2.44±0.90a 

Stearic acid (C 18) 18.16±2.28c ND 7.36±0.00b 3.24±1.57a 1.02±0.02a 

Oleic acid (C 18:1) 81.93±9.62c 33.66±2.54b 30.39±4.61ab 23.65±4.87ab 17.89±1.54a 

Linoleic acid (C 18:2) 6.38±0.63a ND 6.43±0.21a 6.53±0.07a 11.82±2.15b 

alpha-Linolenic acid (C 

18:3) 

4.12±0.00b ND 1.67±0.021a 1.19±0.47a 3.82±0.04b 

Icosadienoic acid (C 20:2) ND 9.33±0.72b ND 3.51±0.06a 3.52±0.07a 

Icosatrienoicacid  (C20:3) 13.57±0.35c ND ND 0.07±0.02a 6.05±0.01b 

Arachidonic acid (C 20:4) ND ND 3.84±0.26a 2.90±1.1.58a 2.71±0.65a 

Tetracosanolpentaenoic 

acid (C 24:5) 

1.06±0.01b 1.18±0.14b 1.59±0.21c 1.64±0.0.14c 0.01±0.00a 

Docosahexaenoic acid (C 

22:6) 

4.36±0.00b 4.52±0.28b 9.90±0.43c 9.44±0.36c 0.01±0.00a 

Total 139.42±12.12b 60.68±2.22a 66.15±4.80a 58.28±10.09a 59.13±4.79a 

Rows represent mean ± standard deviation of duplicate determinations. Values bearing 

different superscripts per row are significantly (p<0.05) different 
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In Table 4.1.4 Bonga fish showed significantly high amount of Lauric acid (C 12) 

(9.74±0.00 mg/kg) when compared to Stock fish and Cat fish. Lauric acid was not detected 

in Cray fish and Round fish. Myristic acid (C 14) concentration showed no significant 

difference (P<0.05) among the fish samples but the highest amount of 6.27±5.67 mg/kg 

was observed in stock fish.  Palmitic acid (C 16) was significantly high in Cat fish 

(5.86±0.04 mg/kg) and Cray fish (4.98±0.23 mg/kg) compared to other fish samples and 

was not detected in Bonga fish. Stearic acid (C 18) at 18.16±2.28 mg/kg in Bonga fish was 

significantly high compared to 7.36±0.00 mg/kg in Cray fish 3.24±1.57 mg/kg in round 

fish and 1.02±0.02 mg/kg in Stock fish. Oleic acid concentration (C 18:1) was 81.93±9.62 

mg/kg in Bonga fish > 33.66±2.54mg/kg in Cat fish > 30.39±4.61 mg/kg in Cray fish > 

23.65±4.87 mg/kg in round fish > 17.89±1.54 mg/kg in Stock fish. Furthermore, linoleic 

acid (C 18:2) at 11.82±2.15 mg/kg and alpha-Linolenic acid (C 18:3) at 4.12±0.00 mg/kg 

were the highest in Stock fish and Bonga fish respectively. Also, Icosadienoic acid (C 

20:2) at 9.33±0.72 mg/kg in Cat fish and Icosatrienoic acid (C20:3) at 13.57±0.35 mg/kg 

in Bonga fish showed significantly high amount compared to other fish. Arachidonic acid 

(C 20:4).Tetracosanolpentaenoic acid (C 24:5) and Docosahexaenoic acid (C 22:6) were 

detected at varying concentrations. Generally, total fatty acid concentrations in the fish 

samples were 139.42±12.12 mg/kg in Bonga fish > 66.15±4.80 mg/kg in Cray fish > 

60.68±2.22 mg/kg in Cat fish > 59.13±4.79 mg/kg in Stock fish > 58.28±10.09 mg/kg in 

Round fish. 
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4.2 DISCUSSION 

Heavy metals 

Fish contamination by heavy metal is an important and severe threat to humans and aquatic 

animals and the poorly managed fish processing and handling methods. To evaluate fish 

contamination, the determination of its heavy metal concentration is important. It is 

important to note that concentrations of heavy metals- lead (Pb), cadmium (Cd) nickel 

(Ni), mercury (Hg) and arsenic (As) detected in samples of dried Bonga fish (Ethmalosa 

fimbriata), Cray fish (Palaemon hastatus), Stock fish (Gadusmorhua), Cat fish 

(Clariasgariepinus) and River African Cat (Round fish) sold and consumed in Owerri Imo 

State Nigeria were all below the established permissible limits set by the international 

authorities (FAO/WHO, 2006; FNB, 2004; USEPA, 1988). Furthermore, residual 

cadmium was not detected in Round fish, Stock fish and Cray fish while residual Nickel 

was not detected in Round fish and Stock fish samples. It is important to note that the 

presence of residual Pb concentration in all the fish samples calls for toxicity concern. 

Lead (Pb) concentration was below the 0.30mg/kg set by EU (2008) but above the tolerable 

limit of 0.12 mg/kg set by IAEA (International Atomic Energy Agency, 2003). The highest 

residual Pb of 0.27±0.24 mg/kg detected in Bonga fish was less than the 0.91mg/kg 

reported by (Adebiyi et al., 2020). Since, Pb is a cumulative metal it becomes a major 

hazard for human health during chronic ingestion as it can damage the central nervous 

system, kidney, liver and the reproductive system (Ujowundu et al., 2014). Similarly, 

Nickel dusts are believed to be carcinogenic, and various other nickel compounds may be 

as well, indicating the presence of residual Nickel in the studied samples a cause for 

concern (Kasprzak et al., 2003; Ujowundu et al., 2014). One of the major cause of aquatic 

organism contamination include gas flaring and petroleum oil spillage which 

bioaccumulate in aquatic organisms (Ujowundu et al., 2014). Furthermore, it is important 

to emphasize the toxicological implication of detecting residual Arsenic concentration in 
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all the fish samples because Arsenic and its compounds are used in pesticides, insecticides, 

herbicides thus increasing the risk of human exposure. Arsenic is one of WHO’s 10 

chemicals of major public health concern. The IARC has classified arsenic and arsenic 

compounds as carcinogenic to humans and arsenic is associated with developmental 

defects, diabetes, pulmonary disease and cardiovascular disease. Arsenic-induced 

myocardial infarction in particular can be a significant cause of excess mortality (WHO, 

2022). Numerous studies have demonstrated negative impacts of arsenic exposure on 

cognitive development, intelligence and memory (Tolins et al., 2014).  Residual mercury 

was also detected in all the fish samples, but below the maximum permissible limits. Stock 

fish Hg and As were within the maximum acceptable limit of 0.5 mg/kg set for Stockfish 

by FAO (1983). Humans may be exposed to mercury in any of its forms under different 

circumstances. However, exposure mainly occurs through consumption of fish and 

shellfish contaminated with methylmercury after ingestion of mercury compounds some 

neurological and behavioural disorders observed include tremors, insomnia, memory loss, 

neuromuscular effects, headaches and cognitive and motor dysfunction. Effects on kidney 

after mercury exposure have also been reported, ranging from increased protein in the 

urine to kidney failure (WHO, 2017). 

 

Pesticides 

The detection of residual aldrin in three dried fish samples (Stock fish, Bonga fish, 

Crayfish) above the maximum permissible limits (MRL) of 0.2 mg/kg for Aldrin (ATSDR, 

2002) may cause human health hazard. Aldrin is an organochlorine and a persistent organic 

pollutant (Robert, 2002) and when it enters the human body or the environment it is rapidly 

converted to dieldrin (ATSDR, 2022). Human exposure to aldrin and dieldrin occurs on 

consumption of foods contaminated with either chemical. Chronic exposure of aldrin or 

dieldrin leads to bioaccumulation causing headaches, dizziness, irritability, vomiting, or 
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uncontrollable muscle movements. Based on studies in animals, the EPA has determined 

that aldrin and dieldrin are probable human carcinogens (ATSDR, 2002).  Biphenyl was 

not detected in round fish, stock fish, Cray fish and Bonga fish but was detected at 

0.378±0.006 mg/kg in Cat fish. The concentration of biphenly in Cat fish sample was 

higher than the Reference Dose (RfD) of 0.05 mg/kg body weight per day (CEA, 1999). 

Biphenyl is used as a food preservative because it prevents the growth of molds and fungi, 

however its use has been banned as a food additive in the European Union. Furthermore, 

biphenly prsents toxic effects on the liver, kidneys, central and peripheral nervous systems. 

Biphenly is not classified as human carcinogen (USEPA, 1984). Round fish showed the 

highest amount of Carbofuran residues at 0.281±0.007 mg/kg.  Carbofuran is a carbamate 

pesticide, widely used around the world to control insects on a wide variety of field crops, 

including potatoes, corn and soybeans. The presence of carbofuran in these fish samples 

may be attributed to indiscriminate and lack of knowledge in the use of pesticides to food 

preservation. Dichlorodiphenyltrichloroethane (DDT) residues were detected only 

Crayfish and at concentration above MRL is worrisome. DDT is classified as "moderately 

toxic" by the U.S. National Toxicology Program (NTP) and "moderately hazardous" by 

WHO, based on the rat oral LD50 of 113 mg/kg (WHO, 2005). Indirect exposure is 

considered relatively non-toxic for humans (Agarwal et al., 2012). However, DDT 

metabolite p,p'-dichlorodiphenyldichloroethane  (p,p'-DDD) was detected in all fish 

samples except Bonga fish.  p,p'-DDD  is a para arene substitution of DDT formed during 

the synthesis of DDT. DDT, DDE and DDD are lipophilic, can bioaccumulate, and are 

toxic to a wide range of living organisms, including marine animals such as crayfish, 

daphnids, sea shrimp and many species of fish magnify through the food chain. 

DichhloroBiphenyl residues were present at concentration below the MRL. 

DichhloroBiphnyl is a Polychlorinated biphenyls (PCBs) banned internationally by the 

Stockholm Convention on Persistent Organic Pollutants in 2001 (Porta and Zumeta, 2002; 
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Robertson and Hansen 2004). The International Agency for Research on Cancer (IARC) 

has rendered PCBs as definite carcinogens in humans, while the U.S. Environmental 

Protection Agency (EPA), stated that PCBs cause cancer in animals and are probable 

human carcinogens (USEPA, 2016). PCB’s toxic effects include endocrine disruption such 

as blocking of thyroid system functioning and neurotoxicity are known (Boas, 2006). 

Dichlorvos, also known as DDVP (2,2-dichlorovinyl dimethyl phosphate is an 

organophosphate insecticide cum pesticide (USEPA, 2007; Okoroiwu, 2018). All the fish 

samples showed presence of Dichlorvos (DDVP) with Stockfish presenting the 

significantly highest concentrations of 1.119±0.353mg/kg and all were above the 0.1 

mg/kg MRL of pesticides residues in foodstuffs. The significant concentrations of 

endosulfan residues in all the fish samples compared to MRL of 0.5 mg/kg is of public 

health concern and with the highest amount of 1.430±0.021mg/kg in Stockfish. Endosulfan 

is an off-patent organochlorine insecticide phased out globally due to its acute toxicity, 

potential for bioaccumulation, and role as an endocrine disruptor (Mathew, 2011). 

Endosulfan is alleged to be responsible for many fatal pesticide poisoning incidents around 

the world and can act as an endocrine disruptor (xenoestrogen) (Raun et al., 2002; 

Pesticide Action Network North America, 2006). In vitro assays have shown that 

endosulfan can promote proliferation of human breast cancer cells (Grunfeld et al., 2004; 

Ibarluzea et al., 2004; Soto et al., 1994) and another study showed endosulfan can induce 

reactive oxygen species (ROS) (Sebastian, 2016). Gamma-Chlordane (g-chlordane) 

presented Residual concentrations above maximum permissible limits 0.1 mg/kg. Gamma-

Chlordane is a highly poisonous organochlorine insecticide. The EPA has cancelled 

registrations of pesticides containing this compound with the exception of its use through 

subsurface ground insertion for termite control and the dipping of roots or tops of non-

food plants. Exposure to chlordane and/or its metabolites have been reported as risk factors 

for many biochemical and physiological conditions such as type-2 diabetes (Evangelou et 

al., 2016), for lymphoma (Luo et al., 2016), for prostate cancer (Lim et al. 2015), for 



52 
 

obesity (Tang-Peronard et al. 2011),  for testicular cancer (Cook et al., 2011) and for breast 

cancer (Khanjani et al., (2007).  

Stockfish sample with 1.802±0.547mg/kg hexachlorobenzene (HCB) residues above 0.5 

mg/kg MRL is a public health concern. HCB is a persistent chemical and bioaccumulates 

in aquatic and terrestrial food chains (ATSDR, 2002). HCB has been used primarily as a 

fungicide or biocide and this can account for the presence in these fish samples. Some fish 

handlers can use this pesticide to inhibit growth of fungi and other microbial on the fish 

samples. The HCB’s are seen most prominent on fish samples (stock fish 1.802±0.547 

mg/kg and cray fish 0.339±0.014 mg/kg) not processed by heat application (Ujowunduet 

al., 2014). Acute exposure to hexachlorobenzene adversely affects the nervous system 

causing weakness, tremors, and convulsions. HCB exposure may also induce skin, liver 

and thyroid lesions, hepatic dysfunction and reproductive system and developmental 

defects. Heptachlor residues were significantly higher in Stockfish (1.096±1.007 mg/kg) 

and in Crayfish 0.737±0.014 mg/kg and present in other fish samples at concentration 

above MRL. Heptachlor is a cyclodiene and an organochlorine insecticide, highly stable 

and can persist in the environment for decades. The amount that can be present in different 

foods is regulated (Robert, 2002). Heptachlor is lipophilic and tends to accumulate in the 

body fat of humans and animals. Human exposure to heptachlor arises from drinking 

water, foods, and breast milk (ATSDR, 2007). Animals exposed to heptachlor epoxide 

during gestation and infancy are found to have changes in nervous system and immune 

function. Exposure to higher doses of heptachlor in newborn animals leads to decreased 

body weight and death (California Environmental Protection Agency, 1999) 

Isopropylamine residues in all the fish samples are above MRL. Isopropylamine is on the 

hazardous substance list because it is regulated by OSHA and cited by ACGIH, DOT, DEP 

and NFPA. Isopropylamine is a building block for the preparation of many herbicides and 

pesticides including atrazine, bentazon, glyphosate, imazapyr, ametryne, desmetryn, 
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prometryn, pramitol, dipropetryn, propazine, fenamiphos, and iprodione (Karsten et al., 

2005). Similarly, Stockfish with a 1.515±0.141 mg/kg residual lindane showed 

significantly higher amount compared to other fish samples and were above the 0.02 mg/kg 

MRL. Residual Trans-nonachlor (t-nonachlor) in the fish samples were above MRL. 

Trans-nonachlor is an organochlorine compound and a bioaccumulating component of 

chlordane (Bondy et al., 2000). Chlordane is toxic and persistent mixture with an 

environmental half-life of 10 to 20 years with use causing accumulation of its components 

in the food chain.  

Polycyclic Aromatic Hydrocarbons 

In vitro and in vivo studies have implicated a number of PAHs as mutagenic and 

carcinogenic in experimental animals. Furthermore PAHs have presented adverse 

haematological, reproductive and developmental and immunological effects in 

experimental animals (IARC, 1973; Ujowundu et al., 2014).  Some PAHs such as 

benzo(a)pyrene is among the most potent and best documented carcinogen and it is 

classified as carcinogenic to humans (1A) while others such as benz[a]anthracene and 

dibenz[a,h]anthracene are classified as probably carcinogenic to humans (Group 2A) and 

others as possibly carcinogenic to humans (Group 2B) or not classifiable as to its 

carcinogenicity to humans (IARC, 2010; Ujowundu et al., 2014). 

The total PAHs concentrations in the dried fish samples processed by smoking and/or by 

heat as observed in PAHs of Cat fish (11.84±10.00 µ/kg). Round fish (10.32±8.74 µ/kg). 

and Bonga fish (8.04±3.00 µ/kg) were significantly higher compared to 3.92±0.54 µ/kg in 

Cray fish and 3.53±0.08 µ/kg in Stock fish processed by sun drying or freeze drying. This 

implicates the method of processing as the major source PAHs as the exposure of the fish 

samples to smoke generated by the firewood can cause considerable contamination with 

various PAHs because the process is usually poorly controlled (SCF, 2002; Ujowundu et 

al., 2014). High concentration of the PAHs in food samples processed by smoke/heat can 
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also be attributed to its fat content, and pyrolysis resulting from increased amount of 

melted fat dropped on heat source (Knize et al., 1999; SCF, 2002). 

The result of this study showed presence of 16 PAHs in all the fish samples studied. 

However, toxicological attention should be focused on the presence of high molecular 

weight PAHs which are largely carcinogenic such as benz[a]anthracene, chrysene, 

benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, dibenz[a,h]anthracene and 

indeno[1,2,3-cd]pyrene, benzo[g,h,i]perylene (Ujowundu et al., 2014).  

The presence of PAHs classified as probable human carcinogens (Group 2A) such as 

benzo[a]pyrene, benz[a]anthracene and dibenz[a,h]anthracene should be a public health 

concern to consumers. Benzo[a]pyrene is the most potent PAHs and metabolism in human 

system activates its toxicity (Sims, 1980). On ingestion, the living system attempts to 

degrade Benzo[a]pyrene, however this metabolic process activates the formation reactive 

metabolites benzo[a]pyrene 7,8-dihydrodiol, oxidized to 7,8- diol-9,10-epoxide and this 

bind to DNA generating disruption normal genetic activities cell and invariable inducing 

a genotoxic effect (Cavalieri and Rogan, 1995; Wogan 2004; Ujowundu et al., 2014). 

The highest concentrations of 0.22±0.30 µ/kg benzo[a]pyrene and 0.11±0.16 µ/kg 

benzo[a]pyrene were obtained in Round fish and Cat fish respectively. These were lesser 

than 1.757 µ/kg obtained in freshly processed pork but more than 0.05 µ/kg obtained in 

long processed fish by Ujowundu et al. (2014). Furthermore, the concentration of 

dibenz[a,h]anthracene a probable human carcinogen at 1.48±1.92 µ/kg in Round fish and 

1.12±0.56 µ/kg in Stock fish were higher than the concentrations reported by Ujowundu 

et al (2014). There was also significant presence of Indeno (1,2,3-cd) pyrene in all the 

samples. It is important to note that the concentrations of benzo[a]pyrene which ranged 

from 0.01±0.00 µ/kg in Bonga fish to 0.22±0.30 µ/kg in stock fish was less than 2 µg/kg 

and 5µg/kg Maximum permissible levels of benzo[a]pyrene in food, by European Union 

(EU) 2008 maximum permissible specified in Commission Regulation (EC) 208/2005) 
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Fatty Acids 

Fatty acids are naturally occurring compounds fats formed by the combination of fats with 

glycerol. Fatty acids, are important compound in metabolism, they are involved in 

providing metabolic fuel (storage and transport of energy), as essential components of all 

membranes, and as gene regulators (Wu et al., 2010; Young et al., 2005). In this study 

twelve fatty acids (Table 4.1.4) were detected in varying concentrations in five dried fish 

samples of Bonga fish (Ethmalosa  fimbriata), Cray fish (Palaemon hastatus), Stock fish 

(Gadus morhua), Cat fish (Clarias gariepinus) and River African Cat (known as Round 

fish) sold and consumed in Owerri, Imo State, Nigeria.  

Appreciable amount of lauric acid were observed in three fish samples with Bonga fish 

showing the highest value at 9.74±0.00 mg/kg. Lauric acid are easily digestible, and a good 

source of direct energy. The chemical structure of lauric acid allows the body to absorb 

them whole (Eyres et al., 2016). Lauric acid increases total serum lipoproteins more than 

many other fatty acids, but mostly high-density lipoprotein (HDL). Therefore, lauric acid 

is regarded as having a more favorable effect on total HDL than other fatty acids (Mensink 

et al., 2003). Generally, a lower total/HDL serum lipoprotein ratio correlates with a 

decrease in atherosclerotic incidence (Thijssen and Mensink, 2005). Myristic acid was 

detected in appreciable amount in all the fish samples except cray fish with stock fish 

presenting the highest value of 6.27±5.67 mg/kg.  Myristic acid is a saturated fatty acid, 

involved in the stabilization many different proteins, such as proteins of the immune 

system and some antitumour proteins (Carta et al., 2017). This function is called 

myristoylation; it occurs when myristic acid is attached to the protein in a specific position 

where it functions usefully. This highlights the importance of dietary myristic acid to 

enable anti-cancer and immune system optimal function (Buaud, 2020) 
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Stearic acid at 18.16±2.28 mg/kg in Bonga fish was the most abundant fatty acid after 

Oleic acid at 81.93±9.62 mg/kg in Bonga fish in all the fish samples evaluated. Stearic 

acid is a saturated fatty acid and has been implicated in making absorption of essential 

nutrient by the digestive system difficult. It can also cause damage to the immune system. 

However, investigations showed that stearic acid does not raise serum cholestrol 

(hyercholestrolemic) and may not have the capacity to raise LDL-cholesterol (Kris- 

Ethertonet al., 2005). 

Oleic acid at concentrations of 81.93±9.62 mg/kg in Bonga fish to 17.89±1.54 mg/kg in 

Stock fish presented the highest values of fatty acids in all the fish samples studied.  Oleic 

acid is a monounsaturated fatty acid and presents beneficial effects such as reduction of 

inflammation and may have beneficial effects on genes linked to cancer. Oleic acid other 

functions such as improving insulin sensitivity, lowering blood pressure, lowers 

cholesterol levels, decrease of chronic nerve pain, slowing of ageing process (Farvid et al., 

2014) 

Linoleic acid at 11.82±2.15 mg/kg and alpha-linolenic acid at 4.12±0.00 mg/kg showed 

highest concentration in Stock fish and Bonga fish respectively but both was not detected 

in Cat fish.  Linoleic acid and Linolenic acid are polyunsaturated fatty acids (PUFA).  They 

are involved in lowering serum cholesterol levels, slowing the development of 

atherosclerosis, and formation of arachidonic acid (Naughton et al., 2016). These PUFA 

have modulatory potentials and are important in blood pressure reduction (Hoshi et al., 

2013). 

The other PUFAs such as Eicosadienoicacid,  Eicosatrienoic acid,  Arachidonic acid, 

Tetracosanolpentaenoic acid and Docosahexaenoic acid are regarded as essential fatty 

acids and important for brain development and function and might be vital for facilitating 

the transmission of signals between neurons (Leaf, 2008). Many studies have positively 

correlated essential fatty acids with reduction of cardiovascular morbidity and mortality, 
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infant development, cancer prevention, optimal brain and vision functioning, arthritis, 

hypertension, diabetes mellitus and neurological/neuropsychiatric disorders (Nesheim and 

Yaktine, 2007; Mozaffarian, 2008). 

4.3 CONCLUSION 

In conclusion, the results obtained in this study implicated the method of processing (heat 

application such as smoking) as the probable source of PAHs, decrease in the 

polyunsaturated and decrease in the essential fatty acid content in the smoked dried fish 

samples (Bonga fish, Cat fish and Round fish) as compared to the sun dried fish samples 

(Cray fish and stock fish), the smoked dried fish samples also recorded higher heavy metals 

concentrations while the sun drying method was implicated as the probable source of 

pesticides in the dried fish samples. Sun dried fish samples showed to have lesser 

concentrations of polycyclic aromatic hydrocarbons as compared to the smoked dried fish 

samples. However, there is need for effective legislation and regulation of the use of 

pesticides as preservatives. This research result is relevant for environmental 

biomonitoring and can be subjected to further studies. 

Contribution to Knowledge 

1. The findings of this research project highlight potential food safety risks associated 

with consuming dried fish. By quantifying elevated levels of pesticides, heavy 

metals, and PAHs in these samples, the project sheds light on previously 

unrecognized hazards in the food supply chain. 

2. The project provides critical insights into the levels of contaminants present in 

dried fish consumed by residents of Owerri. This assessment is essential for 

understanding the extent of human exposure to harmful substances through dietary 

intake and evaluating associated health risks, including potential long-term health 

effects. 

3. By identifying increased levels of pesticides, heavy metals, and PAHs in some of 

the dried fish samples, the project contributes to our understanding of 

environmental contamination sources. This information can inform efforts to 
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address pollution sources, such as agricultural runoff, industrial discharges, or 

atmospheric deposition that may contribute to contaminant accumulation in aquatic 

ecosystems. It also informs on the improving on fish processing and handling 

practices. 

4. The project findings inform the development of mitigation strategies aimed at 

reducing exposure to contaminants in dried fish. This may include implementing 

measures to reduce pesticide use, controlling industrial emissions, improving waste 

management practices, or establishing guidelines for safe food processing and 

storage to minimize contamination levels. 

5. This research results may serve as a basis for risk communication efforts to raise 

awareness among consumers, policymakers, and stakeholders about the potential 

health risks associated with consuming contaminated dried fish. Effective 

communication of these findings can empower individuals to make informed 

dietary choices and advocate for measures to improve food safety standards. 

6. The findings from this research may provide scientific evidence to support the 

development of food safety regulations and standards aimed at protecting 

consumer health. This may include setting maximum residue limits for pesticides, 

establishing thresholds for heavy metal contamination, or implementing 

monitoring programs to ensure compliance with safety standards in the food 

industry. 
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