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Abstract: Studies on trace metal concentrations in Tilapia zilli owing to human perturbations in Imo River was 
conducted for 12 months (between May 2016 and April 2017). T. zilli samples were collected from landings of 
artisanal fishermen at jaja Creek, Uta Ewa, Alscon Harbour and Eier Berge along Imo River. The intestine, liver and 
gills of T. zilli were carefully dissected for determination of trace metals. Standard analytical procedures for sample 
preparation in the laboratory was adhered to. Trace metals were determined using Atomic Absorption 
Spectrophotometer (model GBC scientific AASGF 3000). The elemental concentrations of trace metals observed in 
the intestine and liver of T. zilli during the study duration were above permissible limit for all the studied trace metal 
exception of Chromium which was below the threshold limit as recommended by WHO (2011). However, the 
concentrations of heavy metals observed in the gills were below the WHO threshold limit exception of iron which 
was considerably higher than the WHO recommended threshold limit for seafood consumption. From the result of 
findings, the water quality of Imo River is severely impacted by human activities resulting from indiscriminate 
discharge of domestic waste, industrial waste, agricultural run-off and sewage disposal into the river. The high 
concentrations of heavy metal in the study organism calls for concern as this may result in deleterious health effects 
to consumers of these fishes’ overtime. However, this study emphasizes the need of constant monitoring of trace 
metal levels in tissues of edible aquatic organisms to prevent health related issues to man as the final consumer of 
this seafood’s.  
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1. Introduction 

The increasing use of metals in industry is 
causing serious environmental pollution through 
effluent and emanations arising from indiscriminate 
disposal of waste generated from these industries. 
Among the myriad of organic and inorganic 
substances released into the aquatic ecosystems, 
heavy metals have received considerable attention due 
to their toxicity and potential bioaccumulation in 
many aquatic species (Cupta and Mathus, 1983). In 
general, studies in heavy metal can be very important 
and interesting particularly in the field of ocean 
sciences and other related discipline. The alarming 
rate of disease associated with impacts of heavy 
metals and the potential effects of heavy metal on the 
aquatic biota have made it of concern on the need to 
measure the accumulation of heavy metals; 
particularly certain metals which pose an imminent 
health hazard to humans and are reported from several 
studies (George et. al. 2013). 

Studies have shown that heavy metals have the 
potential to alter the physiological and biological 
parameters of aquatic species (Basa and Usha; 2003; 
Canli 1995; Tort and Torres, 1988). Generally, water 
along the coast (including the estuaries) contains a 
variety of marine resources, namely fishes, shell fish 

and seaweed (Muse et al, 1999) which attract fishing 
activities. The concern here is the contamination of 
water resources (fishes) by potential toxic chemical. 
Most of these toxic chemicals when present in a 
concentration above the recommended standard will 
result in chemical pollution. Many species of fish 
especially the benthos have been found to bio-
accumulate most of these heavy metals in their tissue 
(Zn, Cu, Cd, Pb, Fe). Asuquo and Bassey, (1999) 
reported that the uptake of these toxins in the tissue of 
organism may create health hazard to human as its 
major predator and other fishes that prey on them. 

Therefore, the aim of this research was to 
quantify the levels of some trace metals (Cd, Cu, Fe, 
Pb, Zn, Mn and Cr) in intestine, liver and gills of 
Tilapia zilli caught from Imo River, Nigeria to 
ascertain it safety for human consumption. 
 
2. Material and Methods  
2.1 Study Area 

The study was carried out in Imo River (Fig 1) 
which is one of the essential rivers in Niger Delta 
region. It is situated on the South-East coast of 
Nigeria. The river originates from the Imo State (hill 
region) and flows through Imo, Abia and Rivers State 
before emptying into the Atlantic Ocean. The river is 
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located between Latitude 4°30'32"N and Longitude 
7°32'3"E. It is a tidal River with extensive mangrove 
swamps, intertidal mud flats and influenced by semi-
diurnal tidal regime. Industrial activities are also 
predominant (e.g. NNPC Power Station) add with 

illegal petroleum refineries and bunkering activities. 
The River is a source of drinking water and livelihood 
of the people of the area. The major occupation of the 
inhabitants includes, fishing, lumbering and farming 
activities (Ogbuagu et. al., 2011). 

 

 
Fig 1: Map of the Study 

 
2.2 Sampling Locations 

Four sampling stations were chosen along the 
intertidal region of the River. The geo-location of 

sample points were taken using Geographic 
positioning system (GPS) as shown below. 

 
Sample Point Sample Location Longitude Latitude 
SP1 Jaja Creek 7°32'12.717"E  4°31'30.33"N 
SP2 Uta Ewa 7°31'39.523"E  4°32'11.018"N 
SP3 Alscon Harbour 7°32'52.335"E  4°32'36.717"N 
SP4 Eier Berge 7°32'13.788"E  4°33'13.122"N 

 
2.3 Collection of Samples 

Ten (10) Samples of Tilapia zilli were collected 
on a monthly basis for 12 months (between May 2016 
and April 2017) at jaja Creek, Uta Ewa, Alscon 
Harbour, Eier Berge along Imo River using the 
services of artisanal fishermen fishing with the aid of 
basket trap fishing gear.  
2.4 Analysis of Samples 

In the laboratory the soft tissues (intestine, liver, 
gills) of T. zilli was air - dried at room temperature for 
two weeks. The air-dried soft tissues were grounded 
to powder form, sieved, weighed and ashed at 77 °C 
for two hours in a furnace. Ten grams (10 g) of ashed 

tissues were digested with 20 ml of concentrated 
HNO3 to bring the metal into solution and then 
transfer to 100 ml plastic can for Atomic Absorption 
Spectrophotometer (AAS) analysis. Heavy metals 
were determined using Atomic Absorption 
Spectrophotometer (model GBC scientific AASGF 
3000) according to APHA, (1998).  
2.5 Statistical analysis  

Mean values (±SE) of triplicate experiment were 
taken for each analysis. One-way analysis of variance 
(ANOVA) and Least Significant Difference (LSD) 
test were employed to separate significant differences 
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in mean values. The probability level was set at p = 
0.05. 

 
3. Results 

Table 1 to Table 3 shows the wet and dry season 
range and mean values of parameters observed in the 
tissues of T. zilli during the study duration. Significant 
seasonal variations were observed in the studied 
parameters. However, it was observed that the studied 
parameters were above the WHO (2011) permissible 
limit for seafood in the intestine and liver, exception 
of chromium that was within the tolerable range. The 

elemental concentrations of trace metals in the gills 
was however low when compared to the values 
obtained in the intestine and liver of the same species. 
The values obtained were below the WHO 
permissible limit exception of iron which was above 
the WHO acceptable limit for human consumption. 
Significant seasonal variations were observed for Cd, 
Cr, Cu, Pb, Co and Zn (p<0.05) exception for Iron 
(p>0.05). The mean variation of trace metals for wet 
and dry season in the tissues of T. zilli during the 
study duration is presented in Fig 2 and Fig 3. 

 
Table 1: Seasonal Range, Mean Variation, Standard Error of Trace Metal Concentration (mg/kg) in the 
intestine of Tilapia zilli obtained from Imo River for wet and dry Season (May, 2016 – April, 2017) 

 Parameter Units 
Range  
(Wet Season) 

Range  
(Dry Season) 

Mean ± S.E  
(Wet Season)  

Mean ± S.E  
(Dry Season) 

WHO Permissible Limit 

Cadmium mg/kg 0.00 – 0.93 0.48 – 1.02 0.55 ± 0.16 0.86 ± 0.08 0.01 
Copper mg/kg 1.20 – 3.80 3.30 – 3.70 2.57 ± 0.38 3.53 ± 0.80 1.0 
Iron mg/kg 6.50 – 20.80 21.50 – 29.50 15.19 ± 2.50 23.62 ± 1.23 0.3 
Lead mg/kg 0.02 – 0.61 0.46 – 0.98 0.33 ± 0.09 0.80 ± 0.08 0.05 
Zinc mg/kg 8.60 – 37.60 30.40 – 38.70 28.82 ± 4.20 34.17 ± 1.52 3.0 
Manganese mg/kg 0.00 – 4.91 3.90 – 4.15 1.28 ± 0.74 3.98 ± 0.04 - 
Chromium mg/kg 0.00 – 0.01 0.00 – 0.01 0.00 ± 0.00 0.01 ± 0.00 0.05 
Where: S.E = Standard Error, WHO = World Health Organisation, BDL = Below Detectable Limit 

 
Table 2: Seasonal Range, Mean Variation, Standard Error of Trace Metal Concentration (mg/kg) in the liver 
of Tilapia zilli obtained from Imo River for wet and dry Season (May, 2016 – April, 2017) 

 Parameter Units 
Range  
(Wet Season) 

Range  
(Dry Season) 

Mean ± S.E  
(Wet Season)  

Mean ± S.E  
(Dry Season) 

WHO Permissible Limit 

Cadmium mg/kg 0.48 – 1.02 0.10 – 0.23 0.86 ± 0.08 0.17 ± 0.02 0.01 
Copper mg/kg 3.30 – 3.70 0.02– 0.20 3.53 ± 0.08 0.08 ± 0.04 1.0 
Iron mg/kg 21.50 – 29.50 3.40 – 3.80 23.62 ± 1.23 3.70 ± 0.06 0.3 
Lead mg/kg 0.46 – 0.98 0.01 – 0.04 0.80 ± 0.08 0.02 ± 0.01 0.05 
Zinc mg/kg 30.40 – 38.70 2.40 – 3.80 34.17 ± 1.52 2.88± 0.20 3.0 
Manganese mg/kg 3.90 – 4.15 0.50 – 0.75 3.98 ± 0.04 0.61 ± 0.04 - 
Chromium mg/kg 0.00 – 0.01 0.20 – 0.30 0.01 ± 0.00 0.22 ± 0.02 0.05 
Where: S.E = Standard Error, WHO = World Health Organisation, BDL = Below Detectable Limit 

 
Table 3: Seasonal Range, Mean Variation, Standard Error of Trace Metal Concentration (mg/kg) in the gills 
of Tilapia zilli obtained from Imo River for wet and dry Season (May, 2016 – April, 2017) 

 Parameter Units 
Range  
(Wet Season) 

Range  
(Dry Season) 

Mean ± S.E  
(Wet Season)  

Mean ± S.E  
(Dry Season) 

WHO Permissible Limit 

Cadmium mg/kg 0.00 – 0.35 0.00 – 0.00 0.11 ± 0.07 0.00 ± 0.00 0.01 
Copper mg/kg 0.00 – 3.70 0.02– 0.76 0.23 ± 0.12 0.16 ± 0.12 1.0 
Iron mg/kg 2.60 – 7.80 1.80 – 11.80 4.17 ± 0.95 4.70 ± 1.47 0.3 
Lead mg/kg 0.00 – 1.00 0.00 – 0.00 0.17 ± 0.17 0.00 ± 0.00 0.05 
Zinc mg/kg 1.30 – 2.20 0.40 – 3.80 1.76 ± 0.15 1.63 ± 0.49 3.0 
Manganese mg/kg 0.00 – 0.43 0.00 – 0.66 0.14 ± 0.09 0.19 ± 0.12 - 
Chromium mg/kg 0.00 – 0.17 0.00 – 0.00 0.03 ± 0.03 0.00 ± 0.00 0.05 
Where: S.E = Standard Error, WHO = World Health Organisation, BDL = Below Detectable Limit 
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Fig 2: Mean Wet Season Variation of Heavy Metals in different Tissues of Tilapia zilli Caught from Imo River 
System (May, 2016 - April 2017) 

. 

 
Fig 3: Mean Dry Season Variation of Heavy Metals in different Tissues of Tilapia zilli Caught from Imo River 
System (May, 2016 - April 2017). 
 
4. Discussion 

The present study demonstrates evidence of trace 
metal (Cd, Cu, Fe, Pb, Zn, Mn and Cr) accumulation 
in tissues (intestine, liver and gills) of Tilapia zilli 
obtained from Imo River during the duration of study. 
Heavy metals are endocrine disruptors with the ability 
to cause hormonal imbalances affecting various 
physiological processes such as reproduction.  

Interesting pattern was observed for trace metal 
accumulation in the tissue of the studied organism. 
The pattern followed the trend 
Zn>Fe>Cu>Mn>Cd>Pb>Cr for intestine, 
Zn>Fe>Mn>Cu>Cd>Pb>Cr for liver and Fe>Zn> 
Cu>Mn> Pb>Cd>Cr for the gills. Differential uptake 
of trace metals was observed in the tissues with 
preference to season. The studied tissues were in the 
order of liver> intestine> gills for wet season while 
intestine> liver> gills for dry season.  

The highest concentration of Cadmium was 
observed in the intestine and liver tissue of T. zilli, 
during dry and wet season respectively. while the 

lowest concentrations were detected in the gill’s 
tissues of the studied species. Cadmium is a non-
essential trace metal that is potentially toxic to most 
fish and wildlife particularly freshwater organism 
(Robertson et al., 1991). Cadmium production, 
consumption and emissions to the environment have 
increased dramatically during the 20th century, due to 
its industrial use (batteries, electroplating, plastic 
stabilizers, pigment), and consequently lead to 
contamination of aquatic habitats (Jarup, 2003). The 
use of cadmium containing fertilizer, agricultural 
chemicals, pesticides and sewage sludge in farm land, 
might also contribute to the contamination of water 
(ATSDR, 2003). As a non-degradable cumulative 
pollutant, Cd is considered capable of altering aquatic 
trophic levels for centuries (Sorensen, 1991). This 
heavy metal has been shown to accumulate mainly 
(about 75 %) in kidney, liver and gills of freshwater 
fishes (Chowdhury et. al., 2004). However, the 
concentration of cadmium recorded in the tissue of the 
studied species exceeded the 0.05 mg/kg (EU 
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standard) and 0.01 mg/kg (WHO standard) threshold 
considered harmful to fish and predators. 

Copper (Cu) is an essential trace metal and 
micronutrient for cellular metabolism in living 
organisms on account of being a key constituent of 
metabolic enzymes (Monteiro et. al., 2011). However, 
it can be extremely toxic to intracellular mechanisms 
in aquatic animals at high concentrations which 
exceed normal levels (Hernadez et al., 2006; 
Abdei-Tawwab et al., 2007). It is an abundant element 
which occurs as a natural mineral with a wide spread 
use (Sfakianakis et al., 2015). Copper pollution is 
through extensive use of fungicides, algaecides, 
molluscicides, insecticides and discharge of wastes 
(Michael, 1986). WHO (1989) reported that Copper 
toxicity in fish is taken up directly from the water via 
gills and stored in the liver, the present study showed 
similar accumulation of Copper in the tissues of the T. 
zilli. Effects of high concentration of Copper in fish 
are not well established; however, there is evidence 
that high concentrations in fish can lead to toxicity 
(Woodward et al., 1994). However, the concentration 
of Copper levels in the intestine and liver of T. zilli, 
from Imo River system were above the maximum 
level of 1.0 mg/kg reported by (WHO,2011) exception 
of the gills which had low values and were below the 
threshold limit. 

Evidence of iron accumulation was observed in 
all the studied tissues. However, the highest 
concentration of iron was recorded in the liver during 
the wet season. This assertion agrees with the findings 
of Van Rensburg (1989) and Grobler et. al., (1991) 
who reported high bio-concentration of iron in the 
liver and gonads of Tilapia sparrmanii. Recently, 
Omar, et al., (2014), proofed that the fish liver is the 
target organ for iron accumulation. Iron is prevalent 
component of industrial and mining effluents that are 
often discharged into aquatic environments via run-
off. 

Lead (Pb) is a persistent heavy metal which has 
been categorized as a priority hazardous substance 
(Sfakianakis et al., 2015). Although Pb is a naturally 
occurring substance, its environmental concentrations 
are significantly increased by human mediated sources 
which include base metal mining, battery 
manufacturing, Pb-based paints and leaded gasoline 
(Mager, 2011; Monteiro et. al., 2011). Lead in water 
may come from industrial and smelter discharges; 
from the dissolution of old lead plumbing, lead 
containing pesticides, through precipitation, fallout of 
lead dust, street run-off, and municipal wastewater 
(Sepe et. al., 2003). The concentration and 
bioavailability of Pb is mainly dependent on the 
absorption into the sediments and the natural organic 
matter content of the water as well as the pH, 
alkalinity and hardness (Mager, 2011; Sepe et. al., 

2003). Aquatic organisms bio-accumulates Pb from 
water and diet, although there is evidence that Pb 
accumulation in fish, is most probably originated from 
contaminated water rather than diet (Creti et. al., 
2010) which may account for the low concentration of 
lead recorded in all the tissues during the study 
duration. Accumulation of lead in different fish 
species has been determined in several works (Castro-
Gonzalez and Mendez-Armenta, 2008), leading to 
disorders in fish body. 

Zinc (Zn) is the second most abundant trace 
element after Fe and is an essential trace element and 
micronutrient in living organisms, found almost in 
every cell and being involved in nucleic acid synthesis 
and occurs in many enzymes (Sfakianakis et. al., 
2015). This assertion supports the present findings in 
which zinc and iron had the highest concentration in 
all the studied tissues. It may occur in water as a free 
cation as soluble zinc complexes, or can be adsorbed 
on suspended matter. Zinc and its compounds are 
extensively used in commerce and in medicine. The 
common sources of it are galvanized ironwork, zinc 
chloride used in plumbing and paints containing zinc 
(Clarke, et. al., 1981). However, the concentrations 
were above WHO,2011 threshold limit for intestine 
and liver exception of the gills which recorded low 
values below the recommended limit. 

Chromium is an essential nutrient metal, 
necessary for metabolism of carbohydrates (Farag et. 
al., 2006). Chromium enter the aquatic ecosystem 
through effluents discharged from leather tanneries, 
textiles, electroplating, metal finishing, mining, 
dyeing, printing industries, ceramic, photographic and 
pharmaceutical industries etc. (Abbas and Ali, 2007). 
Poor treatment of these effluents can lead to the 
presence of Cr (VI) in the surrounding water bodies, 
where it is commonly found at potentially harmful 
levels to fish (Li et. al., 2011; Pacheco et. al., 2013). 
Generally, the concentration of chromium was low in 
all the studied tissues throughout the duration of 
study. The low concentration observed during the 
study could be attributed to the absence of the above 
mention human activities within the study area.  

Manganese tends to reside in the tissues of the 
studied species, although in minute concentration. 
However, the concentration of Mn in the intestine and 
liver exceeded the guideline limit of 0.7 mg/kg set by 
(Charbonneau  & Nash, 1993) exception of the gills 
were lower concentrations were recorded.  

 
5. Conclusion 

The elemental concentrations of trace metals 
observed in the intestine and liver of T. zilli during the 
study duration were above permissible limit for all the 
studied trace metal exception of Chromium which was 
below the threshold limit as recommended by WHO 
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(2011). However, the concentrations of heavy metals 
observed in the gills were below the WHO threshold 
limit exception of iron which was considerably higher 
than the WHO recommended threshold limit for 
seafood consumption. From the result of findings, the 
water quality of Imo River is severely impacted by 
human activities resulting from indiscriminate 
discharge of domestic waste, industrial waste, 
agricultural run-off and sewage disposal into the river. 
The high concentrations of heavy metal in the study 
organism calls for concern as this may result in 
deleterious health effects to consumers of these fishes’ 
overtime. T. Zilli is a common commercial finfish 
consumed in Nigeria, notably the Niger Delta Region 
by most rural dwellers and riverine communities 
owing to their cheap source. However, this study 
emphasizes the need of constant monitoring of trace 
metal levels in tissues of edible aquatic organisms to 
prevent health related issues to man as the final 
consumer of this seafood’s.  
 
Corresponding Author: 
Dr. Ubong George  
Department of Fisheries and Aquaculture 
Obio Akpa Campus, Akwa Ibom State University  
Oruk Anam, PMB 1167, Akwa Ibom State 
Telephone: 08032625310 
E-mail: talk2georgeubong@gmail.com  

 
References 
1. Abbas, H. H. and Ali, F. K. (2007). Study the 

Effect of Hexavalent Chromium on some 
Biochemical, cytotoxicological and 
histopathological aspects of the Oreochromis 
spp. Fish. Pak. J. Biol. Sci., 10: 3973-3982. 

2. Abdel-Tawwab, M., Mousa, M. A. A. and 
Abbass, F. E. (2007). Growth performance and 
physiological response of African catfsh, Clarias 
gariepinus (B.) fed organic selenium prior to the 
exposure to environmental copper toxicity. 
Aquaculture 272:335-345. 

3. American Public Health Association (APHA) 
(1998). Standard methods for the examination of 
water and wastewater, 20th edition. New York: 
American Water Resources Association, 980 p. 

4. Asuquo, F. E. and Bassey, F. S. (1999). 
Distribution of heavy metals and total 
hydrocarbons in coastal water and sediments of 
Cross River State, South Eastern Nigeria. Inti J. 
Tron. Environ, 2:229-247. 

5. ATSDR (Agency for Toxic Substances and 
Disease Registry) (2003). Toxicological Profile 
for Cadmium, U.S. Department of Health and 
Humans Services, Public Health Service, Centers 
for Diseases Control, Atlanta, GA. 

6. Basa, S. P. and Usha, R. A. (2003). Cadmium 
Induced Antioxidant Defense Mechanism in 
Freshwater Teleost Oreochromis mossambicus 
(Tilapia). Eco. Toxicol. Environ. Saf., 56 (2), 218 
– 221. 

7. Canli, M., (1995). Natural Occurrence of 
Metallothionein like Proteins in the 
hepatopancreas of the Norway lobster. Nephrops 
norvegicus and effects of Cd, Cu, and Zn 
exposures on levels of the metal bound on 
metallothionein. Turk. J. Zool., 19, 313-321. 

8. Castro-González, M. I. and Méndez-Armenta, 
M. (2008). Heavy metals: Implications 
Associated to Fish Consumption. Environ. 
Toxicol. Pharmacol. 26: 263-271. 

9. Charbonneau, C. S. and Nash, T. (1993). 
Contaminants program, Mingo National Wildlife 
Refuge (Region 3), contaminants survey results. 
U.S. Fish and Wildlife Service, 608. 

10. Chowdhury, M. J., McDonald, D. G, and Wood, 
C. M. (2004). Gastrointestinal Uptake and Fate 
of Cadmium in Rainbow Trout Acclimated to 
sublethal dietary Cadmium. Aquat. Toxicol, 69: 
149-163. 

11. Clarke, M. L., Harvey, D. G. and Humphreys, D. 
J (1981). Veterinary Toxicology. London: ELBS 
and Bailliére Tindall. 

12. Cretì, P., Trinchella, F. and Scudiero, R. (2010). 
Heavy Metal Bioaccumulation and 
Metallothionein Content in Tissues of the sea 
bream Sparus aurata from three different fish 
farming systems. Environ. Monit. Assess, 165: 
321-329. 

13. Farag, A. M., May, T., Marty G. D., Easton, M. 
and Harper, D. D. (2006). The Effect of Chronic 
Chromium Exposure on the Health of Chinook 
Salmon (Oncorhynchus tshawytscha). Aquat. 
Toxicol, 76: 246-257. 

14. George, U. U., Asuquo, F. E., Idung, J. U. and 
Andem, A. B. (2013). Bioaccumulation of heavy 
Metal in three Fresh Water Fishes Caught from 
Cross River system. European Journal of 
Experimental Biology, 3(3):576-582. 

15. Grobler, V. H. E., Van-Vuren, J. H. J. and Du-
Preez, H. H. (1991). Bioconcentration of 
atrazine, zinc and iron in the blood of Tilapia 
sparrmanii (Cichlidae). Comp. Biochem. 
Physiol. C., 100: 629-633. 

16. Gupta, B. N. and Mathur, A. K. (1983). 
“Toxicity of heavy metals.” Indian Journal of 
Medical Sciences, 37(12):236–240.  

17. Hernández PP, Moreno V, Olivari FA, Allende 
ML (2006). Sub-lethal concentrations of 
waterborne copper are toxic to lateral line 
neuromasts in zebrafsh (Danio rerio). Hear Res, 
213: 1-10. 



 Cancer Biology 2019;9(4)            http://www.cancerbio.net   CBJ 

 

56 

18. Järup, L. (2003). Hazards of heavy metal 
contamination. Br Med Bull, 68: 167-182. 

19. Li, Z. H., Li, P. and Randak, T. (2011). 
Evaluating the toxicity of environmental 
concentrations of waterborne chromium (VI) to a 
model teleost, Oncorhynchus mykiss: a 
comparative study of in vivo and in vitro. Comp. 
Biochem. Physiol. C, 153: 402-407. 

20. Mager, E. M (2011). Lead. Academic Press, 
New York, USA, Elsevier Inc. 

21. Michael, P. (1986). Ecological Methods for field 
and laboratory investigations. TATA McGraw-
Hill Publishing Company Ltd., New Delhi. 

22. Monteiro, V., Cavalcante, D.G. S. M., Viléla, M. 
B. F. A., Sofa, S. H. and Martinez, C. B. R. 
(2011). In vivo and in vitro exposures for the 
evaluation of the genotoxic effects of lead on the 
Neotropical freshwater fish Prochilodus lineatus. 
Aquat. Toxicol. 104: 291-298. 

23. Muse, J. O., Stripeikis, T. B., Fernandez, F. N., 
Huicque, L., Tudino, M. B., Carducci, C. N. and 
Troccoli, O. E. (1999). Seaweeds in the 
assessment of heavy metals pollution in the Gulf 
San Jorge, Argentina. Environmental 
Pollution,104:315-322. 

24. Ogbuagu, D. H., Ayoade, A. A., and 
Chukwuocha, N. (2011). Spatial Dynamics in 
Physicochemistry and Bacterio and 
mycoplankton Assemblages of Imo River in a 
Niger Delta community in Nigeria. African 
Journal of Microbiology Research, 5(8): 872-
887. 

25. Pacheco, M., Santos, M. A., Pereira, P., 
Martínez, J. I., Alonso, P. J., Soares M. J. and 
Lopes, J. C (2013). EPR detection of 
paramagnetic chromium in the liver of fish 
(Anguilla anguilla) treated with dichromate (VI) 
and associated oxidative stress responses-
Contribution to elucidation of toxicity 
mechanisms. Comp. Biochem. Physiol. C, 157: 
132-140. 

26. Robertson, S. M., Gamble, L. R. and Maurer, T. 
C. (1991). “Contaminant Survey of La Sal Vieja, 
Willacy County, Texas, U.S. Fish Wild. Serv., 
Region 2, Contaminants Program. Fish and 
Wildlife Enhancement, Corpus Christi Field 
Office, Campus Box 338, 6300 Ocean Drive, 
Corpus Christi, Texas 78412,” Study Identifier 
89-2-100. 

27. Sepe, A., Ciaralli, L., Ciprotti, M., Giordano, R., 
Fumari, E., Costantini, S. (2003). Determination 
of cadmium, chromium, lead and vanadium in 
six fish species from the Adriatic Sea. Food 
Addit. Contam, 20: 543-552. 

28. Sfakianakis, D. G., Renieri, E., Kentouri, M. and 
Tsatsakis, A. M. (2015). Effect of heavy metals 
on fish larvae deformities: A review. Enviro. 
Res., 137: 246-255. 

29. Sorensen, E. M. B. (1991). Metal Poisoning in 
Fish: Environmental and Life Sciences 
Associates. Boca Raton: CRC Press Inc. 

30. Tort, L. and Torres, P. (1988). The effects of 
sub-lethal concentration of cadmium on 
hematological parameters in the dog fish 
(Scyliorhinus Caniccula). J. Fish. Biol., 32 (2), 
277-282. 

31. Van-Rensburg, E. L (1989). The 
Bioconcentration of atrazine, zinc and iron in 
Tilapia sparrmanii (Cichlidae). M. Sc. Thesis, 
Rand Afrikaans University, South Africa. 

32. World Health Organization WHO (1989). 
Mercury-Environmental Aspects. Geneva, 
Switzerland: WHO World Health Organization 
(WHO) (2011). Guidelines for drinking water 
quality, 4th edition. Geneva, 504 p. 

33. Woodward, D. F., Brumbaugh, W. G., Deloney, 
A. J., Little, E. E. and Smith, C. E. (1994). Effect 
of Contaminant Metals on fish in the Clark Fork 
River in Montana. Transactions of the American 
Fisheries Society, 123:51-62. 

  
 
 
12/23/2019 


