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Abstract 

The diversity of fish gut microflora, heavy metals and hydrocarbon concentration of two fish species (Pseudotolithus 
typus and Chrysichthys nigrodigitatus) from Qua Iboe River Estuary was investigated. The total heterotrophic bacteria 
and fungi as well as hydrocarbon utilizing bacteria and fungi in the fish guts were abundant and ranged from 6.87 to 
7.57logcfu/g, 5.68 to 5.80logcfu/g, 5.42 to 5.48 logcfu/g and 2.76 to 3.40logcfu/g respectively. The microbial counts 
varied among the fish species. Proteus, Bacillus, Staphylococcus, Salmonella, Vibrio, Escherichia, Lactobacillus, 
Micrococcus and Enterobacter were the different bacterial genera encountered in the study while Penicillium sp., 
Aspergillus niger., Fusarium sp. and Mucor sp were the fungal species identified. The analysis of the metals showed that 
Zn, Cu and Fe with concentrations ranging from 0.51 to 4.20mg/kg, 3.51 to 4.11 and 1.19 to 2.04mg/kg respectively 
were the most abundant and were higher than the maximum permissible limits set by FEPA/WHO. The total mean PAHs 
and BTEX concentrations were 62.18±4.72 ng/g and 43.67±4.06 ng/g for C. nigrodigitatus, 123.52±3.11 ng/g and 
211.68±3.53 ng/g for P. typus respectively which were higher than acceptable limits. Findings from this study shows 
poor microbiological quality thus the need for continuous monitoring of our natural waters and proper processing of 
aquatic foods as the present situation portends a potential concern for ecological risk. 
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1. Introduction

Estuaries are body of waters that forms a transition zone between river environments and ocean environments and are 
subject to both marine influences, such as tides, waves, and the influx of saline water, and riverine impacts, such as flows 
of fresh water and sediment [1]. Estuaries tend to be naturally eutrophic because land run-off discharges nutrients into 
estuaries. With human activities, land run-off also now includes the many chemicals used as fertilizers in agriculture as 
well as waste from livestock and humans. Excess oxygen-depleting chemicals in the water can lead to hypoxia and the 
creation of dead zones [2]. As an ecosystem, estuaries are under threat due to many anthropogenic activities such as 
pollution resulting from massive oil exploration, overfishing and other human activities. They are also threatened by 
sewage, coastal settlement, land clearance and much more. Land run-off, industrial, agricultural, and domestic waste 
enter rivers and are discharged into estuaries [3].  

Aquaculture development in Nigeria is fast gathering momentum [4]. The need for more fish supplies in the market is 
seen in the increased importation of about 900,000 metric tons annually which is double the local production/catch, 
estimated at only 450,000 metric tons. Nigeria is Africa’s biggest fish consumer [5, 6]. The brackish water zone of the 
Nigerian Coast which includes creeks, lagoons, rivers and mangrove swamps has tremendous potential for fish farming 
[7].  
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Pseudotolithus typus is a species of croaker or bar, ray-finned fish in the family Sciaenidae [8]. It inhabits coastal waters 
from shorelines to at least 70 m, but may be more common in deeper waters to 150 m. It is found over muddy and sandy 
bottoms, uncommon in rocky areas, it feeds on worms, crustaceans and small fishes and spawns off estuaries [9]. Silver 
Catfish, Chrysichthys nigrodigitatus, of the family Claroteidae plays a pivotal role in the ecology and fisheries of Nigeria 
in particular, and West Africa at large. It is a highly valued food-fish in Akwa Ibom State, Nigeria and other West African 
countries [10].  

The Niger Delta region with its complex ecological form is being subjected to considerable environmental pollutants 
from agricultural, industrial and domestic activities as well as oil exploration and exploitation. This has resulted in the 
release of pollutants (hydrocarbons and heavy metals), capable of polluting the terrestrial and aquatic ecosystems [11, 
12, 13]. Heavy metals have been reported to have negative effect on metabolic processes in general and may influence 
the nutritional and biological status of aquatic resources [14, 15]. The contamination of the aquatic system with heavy 
metals has been on the increase since the last century due to industrial activities [16].  

It has been proven that fishes absorb dissolved elements and heavy metals from surrounding waters and ingested food. 
Although these metals and pollutants are found in traced quantities in the water environment, their ability to 
bioaccumulate is of interest to researchers as they affect both human and environmental health [17]. Seymore, [18] 
found that these pollutants accumulate in various fish tissues in significant amounts, eliciting toxicological effects at 
critical targets. Polycyclic aromatic hydrocarbons (PAHs) and Benzene, Toluene, Ethylene and Xylene (BTEX) are the 
petroleum hydrocarbons causing adverse effects in aquatic organisms as they are capable of triggering multiple 
disturbances at varying biological organization levels in the aquatic environment [19, 20]. The entry of BTEX and PAHs 
into the aquatic food chain via the process of bioaccumulation results in morbidities and mortalities. 

Nutritional and environmental factors affects the population level of microbes associated with the guts of hydrobionts. 
Thus, estimation of the abundance and dynamics of autochthonous and petroleum hydrocarbon-degrading bacteria in 
the fish gut enables evaluation of participation of such bacteria in biodegradation of pollutants and in the process of 
self-purification of water [21]. This is because the microflora of the digestive tract of aquatic animals is proved to be the 
first to be affected by any pollutants appearing in water [21]. Petroleum and its products, apart from being toxic to the 
majority of bacteria in aquatic ecosystems, are sources of carbon and energy to some bacteria. The result of such an 
effect is a community of microorganisms with altered species diversity enriched in microorganisms degrading 
hydrocarbons [22]. 

Knowledge about the fish gut microbiota, heavy metals as well as hydrocarbon bioaccumulation in the fish gut would 
help to understand the disturbances and risks of consumption of these species of aquatic resources. Therefore, this 
study examined the abundance of total heterotrophic and crude oil utilizing bacteria and fungi as well as the heavy metal 
and hydrocarbon properties of some fishes harvested from Qua Iboe River Estuary. 

2. Material and methods 

2.1. The study area 

 

Figure 1 Map of Qua Iboe River Estuary and the sampling points 
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Qua Iboe River estuary is located in Ibeno Local Government area of Akwa Ibom State South-South flank of Nigeria 
between latitudes 4°25' and 4°38' North and longitudes 7°48' and 8°05' East (Figure 1). It is one of the most important 
river systems in the Niger Delta, providing nursery and breeding ground for a large variety of fish. Fishing in the estuary 
is intense and catch per unit effort is low. Due to the nation’s efforts towards speedy industrialization and other human 
activities, the river is degraded. Fishing is carried out indiscriminately with various traditional and modern fishing gear 
[23]. 

2.2. Media preparation and sterilization of consumables  

All the media used in this study which included Nutrient Agar, Sabouraud Dextrose Agar and Mineral Salt Medium were 
all prepared according to manufacturers’ instructions. All preparations were done using sterile distilled water and these 
were adequately sterilized as described below before dispensing into Petri dishes. All the consumables and glass wares 
such as nutrients, test tubes, beakers, conical flasks, rubber bums, and beaker were autoclaved at 121 oC and pressure 
of 15 psi. 

2.3. Fish samples collection 

20 samples of two different species (Chyrisicthys nigrodigitatus and Pseudotolithus typus) were purchased from the 
commercial landings of artisanal and subsistence fishers that land their catches at the water in Qua Iboe River Estuary 
located in South-Eastern coast of the Niger Delta region of Nigeria. The samples were carefully sorted out, separately 
contained in sterile polythene bags sealed, labeled and preserved in an ice packed boxes. The samples were immediately 
within (2- 3 hours of sampling) transported to the laboratory for. representative samples of the fishes were 
authenticated in the Department of Fisheries and Aquaculture, University of Uyo. The nomenclature of the species 
conformed to those of Schneider, [24] and Edwards et al. [25].  

2.4. Microbiological Analysis 

2.4.1. Processing of samples 

The fishes were processed within 8 hours in order to reduce the change in composition of gut microbial communities 
over time and with perturbation [26]. Healthy live fish samples were killed by hitting hard object on the head. Before 
dissection, 70% ethanol was applied to the body surface of the fish samples. The fishes were then dissected with 
individual-use insect pins or individual-use scalpels and forceps depending on the fish size and their gastrointestinal 
tracts dissected under sterile condition. Thereafter, 1.0 g of gut contents were homogenized in separate 9 mL of sterile 
normal saline from which 10-fold serial dilution of each of the sample was carried out using sterile normal saline (0.85% 
Nacl). Then, 1.0 mL portions of diluted samples were used for isolation of bacteria and fungi. 

2.4.2. Determination of microbial densities of fish gut samples  

Several methods and media were used for the enumeration of the various microbial groups. The densities of the 
following microbial groups were determined; Total heterotrophic bacterial counts (THBC), Total heterotrophic fungal 
counts (THFC), Crude-oil utilizing bacteria (CUB) and Crude-oil utilizing fungi (CUF). 

The basic analytical media employed in the course of this research included: Nutrient Agar (NA), Sabouraud Dextrose 
Agar (SDA) and Mineral Salt Medium (MSM) of Mills et al. [27]. The media were prepared according to manufacturer’s 
recommendations (Difco, Biotech). The density of total heterotrophic bacteria was determined by the pour plate 
techniques using nutrient agar (NA). The NA medium was amended with nystatin (50 μgml-1) to prevent the growth of 
fungal contaminants. The total fungal count was determined by pour plate technique using Sabouraud dextrose agar 
(SDA) supplemented with streptomycin (50 μgml-1) to inhibit the growth of bacteria [28, 29]. Inoculated NA plates were 
incubated at 28 oC for 24 hours, while the SDA plates were incubated at room temperature for 3 to 5 days before 
enumeration of microbial colonies. 

The density of crude oil-utilizing bacteria and fungi were determined using pour plate methods [27] using vapour phase 
transfer technique of Amanchukwu et al. [30] on mineral salt agar (MSA) and incubated at (28 ± 2 °C) for 7 days. Discrete 
colonies that appeared on the culture plates were enumerated with the aid of a Quebec colony counter and recorded as 
Colony Forming Units (CFU) per gram of fish sample. 

2.4.3. Characterization and Identification of Microbial Isolates  

The pure colonies obtained from the samples were characterized using standard biochemical procedure as described 
by Bergey’s Manual of Determinative Bacteriology, [31]. The colonies were subjected to Gram’s stain and standard 
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biochemical tests; catalase, coagulase, citrate, indole, MR/VP, motility, spore, sugar fermentation, urease. Fungal isolates 
were identified according to the method of Barnett and Hunter, [29]. 

2.4.4. Determination of heavy metals in fish gut samples  

Dry tissue samples weighing 2.0 g were digested with 6 ml of concentrated nitric acid (HNO3) and 1 ml of 30% hydrogen 
peroxide (H2O2). The digestion was carried out in a microwave digester using microwave digestion. The completely 
digested samples were filtered using what-man filter paper and diluted to 25 ml in volumetric flask with distilled water.  

The filtrates were analyzed using the atomic absorption spectrophotometer (AAS Model AA320N). The 
spectrophotometer operational setting was done in compliance with the manufacturer’s instructions and was calibrated 
with analytical grade metal standard stock solutions (1 mg/dm3) in triplicates. The extracted samples were each 
analyzed for Lead (Pb), Nickel (Ni), Manganese (Mn), Zinc (Zn), Cadmium (Cd), Iron (Fe), Copper (Cu) and Silver (Ag). 
Stock solutions of 1000 ppm for each metal were prepared from analar grade of the granulated metal salts of high purity 
(99.9%). Calibration curves were obtained with optimized instrument conditions [32, 33]. 

2.4.5. PAHs, BTEX and THC Extraction and Analysis 

Sample Extraction and Analysis: In the laboratory, the samples were processed by several methods to extract and 
analyze PAHs. Extraction and cleanup procedures have been described in detail elsewhere [34]. Fish samples were first 
freeze-dried, then soxhlet extracted with n-hexane. Prior to extraction, each sample and blank was spiked with a range 
of deuterated PAH compounds (acenaphthene-d10, anthracene-d10, fluorened10, chrysene-d12, and perylene-d12) to 
monitor analytical recovery. The extracts were reduced in volume on a rotary evaporator, solvent exchanged to hexane, 
and interfering compounds removed by column chromatography using 10 g silica and 5 g alumina (and 0.5 cm 
anhydrous Na2SO4 at the top of the column to prevent the column from contact with air) and eluting the compounds of 
interest with 100 mL 1:1 mixture of hexane: DCM. Sulfur compounds in sediment samples, which interfere with later 
analysis, were removed by soaking the extracts with activated copper powder. The sample extracts were analyzed using 
an Agilent GC 8860A using splitless injection on a 30m HP5-ms column (0.25mm i.d., 0.25µm film thickness) and helium 
as carrier gas.  

For the oven program of PAH analysis; the inlet temperature was set at 250 oC and the detector temperature at 300oC, 
oven equilibrium time was 1minute while oven maximum temperature was set at 300 oC and ambient temperature at 
25 oC. Initial temperature was 70 oC for 2 mins. Then ramped up at 10 oC/min until final temperature of 220 oC, the final 
time was 33 mins and the total run time was 50 mins. This was coupled to an Agilent 5977 GC-Mass Selective Detector 
(MSD) operated in electron impact (EI) mode using selected ion monitoring (SIM). PAH concentrations in fish gut were 
calculated by dividing the amounts in extracts by the actual weight of sediment or fish gut extracted after adjusting for 
moisture (on a dry weight). The oven programs for THC and BTEX are as shown below; 

THC: The inlet temperature was 250 oC and detector 300 oC. The initial temperature was set to 70 oC and held for 2 mins, 
then ramped up at 10 oC/min to final temp of 300 oC at final time of 20 mins. Total runtime was 47mins. All other oven 
programs remained the same. 

BTEX: The inlet temp was set at 180 oC and detector at 180 oC. The initial temperature was set to 35oC for 5mins, then 
ramped up at 5 oC/min to 70 oC, then held for 1 min and ramped up again at 15 oC/min to final temp of 180 oC at final 
time of 10 mins. The total runtime was 30.33 mins. 

3. Results  

3.1. Microbiological Properties and diversity of Sampled Fishes  

The results presented in figure 2 showed that the ability of the fishes to accumulate microbes in the gut varied between 
the fish species analyzed. The total heterotrophic bacteria, crude oil utilizing bacteria, total heterotrophic fungi and 
crude oil utilizing fungi for both Pseudotolithus typus and Chrysichthys nigrodigitatus were abundant and ranged from 
6.87 to 7.57log cfu/g, 5.68 to 5.80log cfu/g, 5.42 to 5.48log cfu/g and 2.76 to 3.40log cfu/g respectively. Chrysichthys 
nigrodigitatus had higher microbial counts in all samples and microbial types examined. 

The culturable bacterial genera in the gut of fish as presented in Table 1 were identified as Proteus, Lactobacillus, 
Salmonella, Staphylococcus, Micrococcus, Escherichia, Vibrio, Bacillus and Enterobacter. Table 2 shows the fungal isolates 
in the fish gut samples identified as Penicillium sp., Aspergillus sp., Fusarium sp., and Mucor sp.  
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THBC = Total Heterotrophic Bacterial Counts, CUB = Crude oil Utilizing Bacteria, THFC = Total Heterotrophic Fungal Counts, CUF = Crude OIL 

Utilizing Fungi. 

Figure 2 Microbial counts in fish gut samples (cfu/g) 

 

Table 1 Morphological, cultural and biochemical characteristics of bacteria isolated from the fish gut samples 
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Table 2 Morphological Characteristics of Fungi Isolates from the fish gut samples 

Isolates Cultural 
characteristics 

Morphological features Microscopy Probable 
organism 

F1 

 

 

Yellowish-green 
mycelium 

Conidia in long chains, 
branched cells 

Branched smooth 
conidiophores, brush-like 
conidia head 

Penicillin sp 

F2 White to 

greenish grey 

with edge 

Smooth walled erect 

conidiophores 

Septate, Dome gradually 

Enlarging 

Aspergillus 
niger 

F3 White and pale 

Grey 

Sporangiophores Unseptate, Erect 

Sporangiophore 

Mucor sp. 

F4 White cottony with 
felty colony 

Macro-conidia with light 
periphery in chains 

Septate hyphae with branched 
conidiophores 

Fusarium sp 

3.2. Heavy Metals levels of the Fish Samples 

Heavy metals load in the fish gut samples is presented in figure 3. The result showed that P. typus had higher heavy 
metal accumulation in their guts compared to C. nigrodigitatus. The mean concentration of heavy metals for Zn, Cu and 
Fe in the two fish species were 2.10 ± 0.02, 4.80 ± 0.06 and 4.60 ± 0.05 for P. typus and 1.27±0.07, 0.57±0.00 and 
3.81±0.00 for C. nigrodigitatus respectively. The mean concentration of total hydrocarbon content (THC), Polycyclic 
Aromatic Hydrocarbons (PAHs) and Benzene, Toluene, Ethylene and Xylene (BTEX) is as represented in figure 4. The 
accumulation of hydrocarbons in the fish gut samples showed that P. typus recorded higher concentrations in THC 
(634.43±3.28 ng/g), PAHs (123.52±3.11 ng/g) and BTEX (211.68±3.53 ng/g) while the concentration of THC, PAHs and 
BTEX in C. nigrodigitatus were 627.48±6.27 ng/g, 62.18±4.72 ng/g and 43.67±4.06 ng/g respectively. 

 

Figure 3 Mean concentration of heavy metals in fish gut samples  
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Figure 4 Mean concentration of hydrocarbons in fish gut samples  

4. Discussion 

According to Shewan [35], the microbial flora associated with freshly harvested fish is principally a function of the 
environment in which the fish live and not of the fish species. Fish, because of their soft tissues, aquatic environment, 
high water content, neutral pH and high amino acids are extremely susceptible to microbial contamination and spoilage 
[36]. The results obtained from this study have shown that the fish gut samples were laden with microbial contaminants 
including pathogenic groups of microorganisms as well as hydrocarbon degrading microorganism. This is in consonance 
with the reports of other researchers that reported high number of organisms in the gut of fishes as it provides 
favourable ecological niches for these organisms [21, 37, 38]. 

Heterotrophic counts are representative of a small group of active bacteria that react immediately to changes in nutrient 
supply [39]. The stability of the ecological balance of microflora of the digestive tract of aquatic organisms depends 
upon the trophism, productivity, toxicity and other chemical and physical parameters of water bodies [40]. This explains 
why the viable counts of different types of bacteria in the digestive tract varied with fish species. The high bacterial 
contaminants recorded for the fin-fishes was expected and is in agreement with previous report by Ajayi, [41] and 
Umana et al. [42], who in his study reported a high bacterial population in catfish from fish pond and river respectively.  

Microbial Species reported from this work has been isolated from the gut of various fishes [37, 38]. There are several 
possible sources for the establishment of intestinal gut flora and it is generally believed that the processes of bacterial 
colonization in fish are complex and depend upon the bacterial flora of live feed and water. Enterobacter spp are 
common in the digestive tract of freshwater and marine fishes and have been found in the gut of rainbow trout and 
Yellow grouper (Epinephelus awoara) [43, 38]. Previous studies of Essien et al. [44] and Fred et al. [45] had shown 
strains or species of fungal species isolated in this work e.g Penicillium sp, Aspergillus flavus and Cladosporium sp. 

The presence of hydrocarbon-degrading bacteria in the gastrointestinal tract of fish is not surprising since 
microorganisms have the ability to utilize hydrocarbons [21]. The abundance of hydrocarbon-degrading bacteria in 
water and in fish digestive tract reflects the degree of contamination of the ecosystem with oil and its products. The 
ability of intestinal bacteria of aquatic organisms to use petroleum hydrocarbons as a source of carbon indicates that 
aquatic organisms participate in biodegradation of oil pollutants as well as self-purification of water [21]. 

The high concentration of heavy metals may be due to agricultural, industrial, domestic as well as other anthropogenic 
activities such as oil exploration, exploitation and refining which can introduce these metals into the water body and 
eventually sediment from where fauna feed [11, 46]. Fe, Zn and Cu levels recorded in the fish gut samples in this study 
were higher when compared to maximum permissible limits and the consumption of these species could cause health 
hazard to man, hence people are advised to make moderate use of these aquatic fauna to forestall chronic exposure to 
these pollutants [47, 48]. The mean concentrations of Cr, Pb, Ni and Ag were below the recommended limits, hence these 
metals may not be an immediate problem in Qua Iboe River estuary but may pose a lot of environmental problems if  
left unchecked. 
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The petroleum hydrocarbons causing adverse effects in aquatic organisms are considered to be BTEX and PAH [19]. 
The presence of these chemicals in fish pose some problems for normal functioning of the fish. The branchial tissue 
regulates water, ions and the balance of acid-base in fish and this organ has direct contact with water [49]. This may 
mean that the fish have taken up these chemicals from water. The effect of this bioaccumulation would even be higher 
in fish eating birds and other animals. Furthermore, some other aquatic animals may have accumulated these chemicals 
in their bodies from other habitats, and have overtime migrated to the water body sampled in this study. The 
concentration of PAHs and BTEX recorded in this work is similar to those reported by other researchers [50, 51]. In 
their study, Akinsanya et al. [52] reported a concentration of 49.86±7.30 μg/L and 173.34±4.677 μg/g for BTEX and 
PAHs respectively as they bioaccumulate in the intestine of Heterotis niloticus. The presences of PAH in commercially 
sold fish was previously reported by Benson et al. [53]. 

5. Conclusion 

The result of this study have revealed that the two fish species harbour a high population of diverse microbes including 
pathogenic strains of bacteria that are commonly associated with human and infant gastroenteritis as well as food 
poisoning and intoxications. The abundance of total heterotrophic bacteria fluctuated among fish species. The 
differences in results may be due to the differences in feeding efficiency of fishes. The preponderance of coliform and 
hydrocarbon degrading bacteria in the guts of the investigated fish species reflects the degree of contamination of the 
ecosystem with wastewater and petroleum hydrocarbon respectively. Most of the bacteria found in the intestinal 
content are potential pathogens indicating that fish digestive tract is a reservoir of many opportunistic pathogens. The 
presence of heavy metals, BTEX and PAHs in fish samples from Qua Iboe River Estuary, Akwa Ibom is established in this 
study, although not all detected in levels above allowed limits. Anthropogenic activities have been thought to contribute 
largely to the pollution of the water body. The results of this study call for proper processing of aquatic foods obtained 
from the apparently contaminated water body. 

Compliance with ethical standards 

Acknowledgements 

We acknowledge the reviewers of the article for providing constructive criticisms to make this article better. 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

References 

[1] Binning K, Baird D. Survey of heavy metals in the sediments of the Swartkops river estuary, Port Elizabeth South 
Africa. Water South Africa. 2016; 27: 461-466.  

[2] Branch G. Estuarine vulnerability and ecological impacts: Estuaries of South Africa, in Brian, R. A. and Dan, B 
(eds.). Trends in Ecology & Evolution. 2012; 14: 499.  

[3] Kaiser DE. Marine Ecology. Processes, Systems and Impacts. New York: Oxford University Press. 2005; 77-85. 

[4] Tawari CC, Abowei JFN. Traditional fish handling and preservation in Nigeria. Asian Journal of Agricultural 
Sciences. 2011; 3(6):437-452. 

[5] Ozigbo E, Anyadike C, Forolunsho G, Okechuckwu R, Kolawole P. Development of an automatic fish feeder. 
International Institute of Tropical Agriculture Postharvest Unit, Ibadan. African Journal of Root and Tuber Crop. 
2013; 10(1):27-32. 

[6] Anyanwu SO. Quantitative analysis of fish consumption in Rivers State, Nigeria. American Journal of Experimental 
Agriculture. 2014; 4(4):469-475. 

[7] Keremah RI, Ndah AP. Aspects of the reproductive biology of Tilapia guineensis (Bleeker, 1862) under laboratory 
conditions, Greener Journal of Biological Sciences, 2013, 3(3), 123-126. 

[8] FAO (Food and Agriculture Organization). Fish stock assessment manual. Manual in fisheries science, Rome, Italy. 
2003; 154. 

[9] Chindah AC, Osuamke A. The fish assemblage of the Lower Bonny River, Nigeria Delta, Nigeria. Afr. J. Ecol. 1994; 
72:58-65. 



GSC Advanced Research and Reviews, 2023, 16(01), 242–251 

250 

[10] Ayotunde EO, Ada FB. Silver Catfish Chrysichthys nigrodigitatus (Lacepède, 1803), an endangered fish species in 
Cross River, Cross River State, Nigeria. International Journal of Agricultural Science Research, (2013); 2(3): 83-
89. 

[11] Ewa-Oboho IO. Ecological effect of crude oil on mangrove swamp of the Bonny Estuary. Mr Phil. Thesis. River 
State University of Science and Technology, Port Harcourt. J. Nig. Environ. Soc. 1994; 1(4):201–220. 

[12] NDES (Niger Delta Environmental Survey). Environmental and socio- economic characteristics (revised edition). 
Niger Delta Environmental Survey. 1999; 1(1):1- 67. 

[13] Otitoju O, Onwurah INE, Otitoju GTO, Ndem JI. Effect of bonny light crude oil contaminated diet on serum 
cholesterol and testosterone concentrations on Wistar albino rats. Afr. J. Biot. 2011; 10(53): 10986–10990. 

[14] Akutec R. Final report for the implementation of Akwa Ibom State University. 2006; 202. 

[15] Udosen ED, Essien JP, Ubom RM. Bioamendment of petroleum contaminated soil: Effect on oil content, heavy 
metals and pH of tropical soil. J. Environ. Sci. 2001; 92–98. 

[16] Asaolu SS, Olaofe O. Biomagnification factors of some heavy and essential metals in sediments, fish and crayfish 
from Ondo State coastal region. Biological Science Research Community. 2004; 16: 33–39. 

[17] Adebayo IA. Determination of heavy metals in water, fish and sediment from Ureje Water Reservoir. 
Oceanography and Fisheries. 2017;4(1):1-5. 

[18] Seymore T. Bioaccumulation of metals in Barbus marequensis from the Olifants River, Kruger National Park, and 
lethal levels of Mn to juvenile Oreochromis mossambicus. M.Sc Thesis, Rand Afrikaans University, South Africa; 
1994. 

[19] Albers PH. Petroleum and individual polycyclic aromatic hydrocarbons, in: D.J. Hoffman, B.A. Rattner, others 
(Eds.), Handbook of Ecotoxicology, Lewis Publishers, New York, 2003, p. 1315p. 

[20] Van Der Oost R, Beyer J, Vermeulen NPE. Fish bioaccumulation and biomarkers in environmental risk 
assessment: a review, Environ. Toxicol. Pharmacol. 2003; 13: 57–149. 

[21] Šyvokienė J, Stankus S, Andreikėnaitė L. Bacterioflora of digestive tract of fishes in vitro,Veterinarija ir 
zootechnika (Vet Med Zoot), 2011; 56(78), 93-101. 

[22] Šyvokienė J, Mickėnienė L. Bioindication of the ecotoxicity of the Nemunas River according to the functional 
changes in bacteriocenoses of the sediments and the digestive tract of molluscs, Acta Zoologica Lithuanica, 2002; 
12(2), 110-118. 

[23] Sikoki F, Zabbey N, Edoghotu J. Plankton assemblages and environmental gradients in the middle reaches of the 
Imo River, Niger Delta, Nigeria. African Journal of Aquatic Science, 2008; 33(2):241 -248. 

[24] Schneider W. Field guide to the commercial marine resources of the Gulf of Guinea. FAO, Rome, 1990; p. 227. 

[25] Edwards AJ, Anthony CG, Abohweyere PO. A revision of Irvine’s marine fishes of tropical West Africa., Darwin 
Initiative Report 2, Ref. 162/7/451. 2001; p. 157. 

[26] Clements KD, Angert ER, Montgomery WL, Choat JH. Intestinal microbiota in fishes: What's known and what's 
not. Molecular Ecology, 2014; 23(8): 1891–1898. 

[27] Mills AL, Breuil C, Colwell R. Enumeration of petroleum degrading marine and estuarine microorganisms by most 
probable number method. Canadian Journal of Microbiology, 1978; 12: 234 – 248. 

[28] Martini A, Federia F, Rosini G. A new approach to the study of yeast ecology of natural substrates. Canadian 
Journal of Microbiology, 1980; 26: 854-860. 

[29] Barnett HL, Hunter BB. Illustrated genera of imperfect fungi. New York: Macmillan Publishing Company. 1987; 
70-80. 

[30] Amanchukwu SC, Obafemi A, Okpokwasili GC. Hydrocarbon degradation and utilization by a palm-wine yeast 
isolate. FEMS microbiology letters, 1989; 57: 151-154. 

[31] Bergey DH, Holts JG. Bergey’s manual of determinative bacteriology, 9th ed. Philadelphia: Lipincott Williams and 
Wilkins Publication; 1994. 

[32] APHA (American Public Health Association). Standard methods of the examination of water and wastewater. 
(19th edition). American Public Health Association, Washington DC. 2005; 121- 226. 



GSC Advanced Research and Reviews, 2023, 16(01), 242–251 

251 

[33] Turkmen M, Ciminli C. Determination of metals in fish and mussel species by inductively coupled plasma-atomic 
emission spectrometry. Food Chemistry, 2007; 103(2): 670-675. 

[34] Galindo-Reyes JG, Fossato VU, Villagrana-Lizarraga C, Dolci F. “Pesticides in water, sediments, and shrimp from a 
coastal lagoon of the Gulf of California,” Marine Pollution Bulletin, 1999; 38(9): 837–841. 

[35] Shewan JM. The microbiology of sea water fish. In fish as food. Edited by G. Borgstrom, New York: Academic Press. 
2000; 487. 

[36] Jeyasejaran G, Ganesan P, Anandaraj RJ, Sukumar D. Quantitative and qualitative Studies on the Bacteriological 
Quality of Indian White Shrimp (Penaeus indicus) stored in dry ice. Food Microbiology. 2006; 23(6):526–533. 

[37] Al-Harbi AH, Udin MN. Seasonal variation in the intestinal bacterial flora of hybrid tilapia (Oreochromis niloticus 
x Oreochromis aureus) cultured in eatheren ponds in Saudi Arabia, Aquaculture, 2004, 229, 37-44. 

[38] Ariole CN, Kanu NA. Bacterial Flora Associated with Intestine of Tropical Estuarine Fish Species. Journal of 
Chemical, Biological and Physical Sciences, 2014; 4 (1): 209 – 215. 

[39] Delille D, Delille B. Field observations on the variability of crude oil impact on indigenous hydrocarbon-degrading 
bacteria from sub-Antarctic intertidal sediments, Marine Environmental Research, 2000; 49(5), 403-417. 

[40] Šyvokienė J, Mickėnienė L, Voverienė G. Hydrocarbon-degrading bacteria in the digestive tract of hydrobionts, 
Journal of Environmental Micropaleontology, Microbiology and Meiobenthology, 2004; 1: 48-60. 

[41] Ajayi AO. Bacteriological study of Catfish, Clarias gariepinus, from fish pond sources in Akungba-Akoko 
community, Nigeria. British Microbiology Research Journal, 2012; 2(1):1-9. 

[42] Umana SI, Okon UC, Uko MP, Bassey MP. Occurrence of Bacterial Contaminants in Fin-fishes (Clarias gariepinus 
and Coptodon guineensis) from Humic Freshwater Ecosystem of Eniong River, Itu, Akwa Ibom State, Nigeria. 
Journal of Advances in Microbiology, 2017; 6(1): 1-12. 

[43] Pond MJ, Stone DM, Alderman DJ. Comparison of conventional and molecular techniques to investigate the 
intestinal microflora of rainbow trout (Oncorhynchus mykiss), Aquaculture, 2006; 261: 194- 203. 

[44] Essien JP, Ekpo MA, Brook AA. Mycotoxigenic and proteolytic potential of moulds associated with smoked shark 
fish (Chlamydoselachus anguincus). Journal of Applied Sciences and Environmental Management. 2005; 9(3):53-
57. 

[45] Fred US, Akan OD, Essien JP, Umana SI. Microbial Diversity and Heavy Metals Concentration of Wood Smoked 
Fish from Edonwhii Fishing Settlement in Akwa Ibom State, Nigeria. European Journal of Nutrition & Food Safety, 
2018; 8(4): 284-290. 

[46] Abiaobo NO, Akpan II, Umana SI. Assessment of Heavy Metals Concentration in Shell and Fin Fish from Iko River 
Estuary, Southeastern Nigeria. Journal of Agriculture and Ecology Research International, 2017; 12(4): 1-8. 

[47] FEPA (Federal Environmental Protection Agency). Guideline and standards for environmental pollution control 
in Nigeria. 2003; 238. 

[48] WHO (World Health Organization). Guidelines for drilling water quality (ii): Health Criteria and supporting 
information.vol.1, recommendations. World Health Organization Geneva. 1985; 130. 

[49] Wood CM. Toxic responses of the gill, in: D. Schlenk, W. H. Benson (Eds.) Target Organ Toxicity in Marine and 
Freshwater Teleosts, Taylor and Francis, New York, 2001, pp. 1 – 101. 

[50] Akinsanya JB, Isibor PO, Kuton MP, Saliu JK, Dada EO. Aspidogastrea africanus Infections, comparative 
assessment of BTEX and heavy metals Bioaccumulation, and histopathological alterations as biomarker response 
in Chrysichthys nigrodigitatus (Lacepede, 1803) of Lekki Lagoon, Nigeria, Sci. Afr. 3 (2019), e00060. 

[51] Obiakor MO, Okonkwo JC, Ezeonyejiaku CD, Okonkwo CN. Polycyclic aromatic hydrocarbons (PAHs) in 
freshwater media: factorial effects and human dietary exposure risk assessment, Resour. Environ. 2014; 4: 247–
259. 

[52] Akinsanya B, Ayanda IO, Onwuka B, Saliu JK. Bioaccumulation of BTEX and PAHs in Heterotis niloticus 
(Actinopterygii) from the Epe Lagoon, Lagos, Nigeria. Heliyon 6 (2020) e03272. 

[53] Benson NU, Anake WU, Adedapo AE, Fred-Ahmadu OH Eke KP. Polycyclic aromatic hydrocarbons in imported 
Sardinops sagax: levels and health risk assessments through dietary exposure in Nigeria. Journal of Food 
Composition and analysis, 2017; 57: 109 – 116. 


