
Journal of Biology and Life Science 

ISSN 2157-6076 

2015, Vol. 6, No. 2 

www.macrothink.org/jbls 119 

Heavy Metals (Cd, Pb, Cu, Fe, Cr, Mn, Zn) Contents in Ungulates of Ogun 

State Agricultural Farm Settlement, Ago - Iwoye, Nigeria 

 

Oladunjoye, R. Y.
 

Department of Plant Science and Applied Zoology, Faculty of Science 

Olabisi Onabanjo University, P.M.B. 2002, Ago - Iwoye, Ogun State, Nigeria 

E-mail: oladunjoye.rasheed@gmail.com 

 

Asiru, R. A. 

Department of Science Education, School of Education, National Open University of Nigeria 

Victoria Island, Lagos State, Nigeria 

 

Shokoya, D. A. 

Ogun State Ministry of Agriculture, Abeokuta, Ogun State, Nigeria 

 

Received: December 16, 2014   Accepted: January 4, 2015    

doi:10.5296/jbls.v6i2.6787      URL: http://dx.doi.org/10.5296/jbls.v6i2.6787 

 

Abstract 

Heavy metals are natural components of the earth's crust which can neither be degraded nor 

destroyed and were known as trace elements as they occur in minute concentrations in 

biological systems.  This study was aimed to investigate the bioaccumulation of heavy 

metals in the commonly consumed duikers in an agricultural farm settlement. Commercially 

available four duikers (Cephalophus spp.) were collected for four weeks and four organs 

(skin, lungs, kidney and liver) from each sample were used. All the organs sampled were 

subjected to 7 heavy metals (Fe, Cu, Pb, Zn, Mn, Cr and Cd) tests using Atomic Absorption 

Spectrophotometer (VGB 210 System) following standard procedure. All data were subjected 

to statistical analysis to find out the significant difference of heavy metal in each organ of and 

their accumulation effects. Heavy metals concentration in Cephalophus spp was in 

descending order of Cd (0.29±0.02 - 0.92±0.01) < Pb (0.52±0.03-1.08±0.06) < Cr 

(0.78±0.05-2.47±0.19) < Cu (5.05±0.30-13.35±0.54) < Mn (7.30±0.49-14.20±1.06) < Zn 
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(75.52±3.04-125.28±10.57) < Fe (381.52±14.25-761.40±5.76). They accumulated the metals 

in ascending order Fe > Zn > Mn > Cu > Cd > Cr > Pb for skin, Fe > Zn > Mn > Cu > Cr > 

Cd > Pb for liver, Fe > Zn > Mn > Cu > Cr > Pb > Cd for lung and Fe > Zn > Cu > Mn > 

Cr > Pb > Cd for kidney. Variability of heavy metals in Cephalophus species may not be due 

to the differences in the animal diet and habitat, but, the level of acute or chronic 

contamination of their diet and habitat. 

Keywords: Bush-meat, Heavy Metals, Cephalophus Species, Farm Settlement 

1. Introduction 

Wildlife populations have been under constant threat from human activity. Even in protected 

areas, illegal activities have affected the populations of most wildlife species. Duiker is a 

medium-size antelope which were divided into two groups based on their habitat: forest and 

bush duikers. All forest duikers (Cephalophus species) are Bovids of the sub family 

Cephalophinae, found mainly in rainforest Sub-Saharan Africa. Meanwhile, the only known 

bush duiker (grey common duiker) inhabits the Savannah Africa (Grubb and Groves, 2001). 

The genus Cephalophus comprises seventeen species, making it the most species-rich group 

of forest ungulates (Kingdon, 1997).  

They graze on wide range of diet (leaves, flowers, fruits, tubers) and can also eat insects, 

frogs, small birds and mammals (Eves et al., 2002). Fruits and seeds constitute the bulk of 

their diet and they are potential important seed disperser. Many forest ungulates including 

duikers are intensively exploited as a source of meat over African forest zone (Gautier-Hion 

et al., 1980; Eves et al., 2002). Though, conservation status of the duikers globally is least 

concern, apart from Ader’s and Zebra duikers (Cephalophus adersi and Cephalophus zebra), 

but their populations keep decreasing (IUCN, 2012).  

Generally, they are found in habitats with sufficient vegetation cover (which allow them to 

hide), savanna and hilly areas, including the fringes of human settlements (Jachmann, 2008). 

The overall success of this animal was its ability to inhabit a wide variety of habitats, quick 

adaptability and generalist diet (Davies et al., 2001).  It grows to about 50cm in height and 

12kg to 25kg in weight, while females are generally larger and heavier than the males 

(Wilson, 2005). Breeding is a year round with 3 to 7.5 months gestation period. They are 

usually active both in day and night, but become more nocturnal near human settlements 

(Lannoy et al., 2003).  

In tropical rainforest zones of Africa, people non-selectively hunt duikers for their fur, meat 

and horns at highly unsustainable rates (Newing, 2000). They were often captured for 

bush-meat, but over-exploitation of duikers affects their population as well as organisms that 

rely on them for survival. In fact, duikers are one of the most hunted animals both in terms of 

number and biomass in Central Africa (Muchaal and Ngandjui, 1999). In areas near African 

rain forests, majority of the people do not raise their own livestock, bush-meat is what all 

classes rely for their protein source (Anadu et al., 1988).  

Population trends for all duikers species excluding the common duiker and the smallest blue 

duiker, are significantly decreasing while other species are now considered endangered by the 
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International Union for Conservation of Nature (IUCN) red list of threatened species (IUCN, 

2012). However, some species are yet to be considered ‘endangered’, because of the repeated 

damage and fragment of their habitat by human activities, such specialization of the niches 

are gradually becoming impaired and are contributing to the significant decrease in 

population (Rist et al., 2009).  

Many heavy metals have no known benefit for human physiology (Yousuf and El-Shahawi, 

1999). Lead, mercury and cadmium are prime examples of such metals, yet, other metals are 

essential to human biochemical processes. For example, zinc is an important cofactor for 

several enzymatic reactions in human body, likewise copper, manganese, selenium, 

chromium and molybdenum are all trace elements which are important in the human diet 

(Linnik and Zubenko, 2000). Another subset of metals includes aluminum, bismuth, gold, 

gallium, lithium and silver which are used therapeutically in medicine (Gupta et al., 2009).  

Certain elements that are normally toxic for certain organisms, under certain conditions are at 

times beneficial. Examples include vanadium, tungsten and cadmium (Ogunfowokan et al., 

2009). Heavy metal pollution arises from many sources, but mostly from the purification of 

metals, sedimentation of dust, electroplating, smelting and precipitation of their compounds 

or ion into the soil which can localize and lays dormant (Blasco et al., 1998). Unlike organic 

pollutants, heavy metals do not decay and thus pose a kind of challenges for remediation 

(Agah et al., 2009).  

Heavy metals enter human body through two major routes: inhalation and ingestion. 

Ingestion being the main route of exposure in human population, these metals enters human 

bodies via food (Opaluwa and Umar, 2010) which bush-meat consumption may be one of the 

pathways. Copper, selenium and zinc are essential trace elements to maintain body 

metabolism and can lead to poisoning at higher concentrations (Orebiyi et al., 2010). 

Potentially, human exposed to these metals through commercially produced foodstuffs, dust 

inhalation and direct ingestion of food plants grown on metals-contaminated soil (Soewu et 

al., 2014).  

Heavy metals pollutants that usually got transferred unto man and have highly adverse effects 

are lead, cadmium, copper, chromium, selenium and mercury. They are cumulative poisons 

which cause environmental hazards and are reported to be exceptionally toxic (Dural et al., 

2007; Orebiyi et al., 2010). Heavy metals are dangerous elements of the earth crusts as they 

tend to bioaccumulate by increasing in concentration level in biological organisms over time 

(Dural et al., 2007). Therefore, heavy metals can be bio-accumulated, bio-absorbed, 

biomagnified via the food chain and finally assimilated by human resulting in health risks 

(Agah et al., 2009).  

Due to their severe accumulation in biota and toxicity, determinations of heavy metals 

concentration in bush-meats received attention in series of countries around the globe (Soewu 

et al., 2014). This interest was to ensure safe consumption of bush-meat and minimizing the 

potential hazard effects of these metals on human health which this work also tries to validate. 

The need for a better understanding of heavy metal composition in this animal is essential if 

human communities are to be safe from the metals adverse effects. Also, the study was aimed 
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to provide baseline information on the abundance of some heavy metals contents on forest 

ungulates using duiker species in an Agricultural farm settlement. 

2. Materials and Methods 

 

Figure 1. Political Map of Ijebu North Local Government Showing the Study Area 

Ogun State is situated between Latitude 6.2°N and 7.8°N and Longitude 3.0°E and 5.0°E 

with estimated population of 3,486,683 people as at year 2006 (NPC, 2006). It is located in 

the southwest zone of Nigeria with a total land area of 16,409.26 square kilometers and 

entirely in tropics zone of Sub-Sahara Africa (Soewu et al., 2012). Ogun State agricultural 

farm settlement, Ago-Iwoye (study area) is one of the state four Agricultural farm settlements 

across the state. The settlement was situated in Ijebu North local government which is one of 

the 20 local governments in the state (figure 1) with total population of 280,520 (NPC, 2006). 

The farm settlement was located in Ago - Iwoye along Ago - Iwoye to Ilishan road where this 

road has been under construction since fifteen (15) year ago. 

Four daily fresh killed wild duikers (Cephalophus spp.) were obtained commercially from the 

farm hunters and four organs (liver, lung, kidney and skin) were immediately removed as to 

avoid autolysis of the animal organs. The abdominal part of the duikers was dissected to 

remove the kidney and liver organ which was labeled and coded in a separate tube. The lung 

was removed from the thoraxic cavity, some internal skin was also sliced while this 

procedures were repeated for all the four samples each for a period of four weeks. 

Bioaccumulation of heavy metals varies in relation to the size, sex and/or age of animals 

(Lunt and Mhlanga, 2011).  

Therefore, male adults that have average weight of 15kg and 35cm height were used to avoid 

differences that may be resulted from any of these factors. All the samples organs were 

digested in the laboratory and analyzed for seven heavy metals which are lead (Pb), copper 
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(Cu), iron (Fe), zinc (Zn), manganese (Mn), chromium (Cr) and cadmium (Cd) using Atomic 

Absorption Spectrophotometer (VGB 210 System) following the standard procedure as 

reported by Christian et al, 2010. 

The data obtained were subjected to statistical analysis using SPSS (version 20.0) which 

analyzed for descriptive statistics and one-way analysis of variance (ANOVA) to find out the 

significant difference of heavy metal in each organ throughout the period. Variations due to 

sampling errors and differences in mean values were determined and not rejected as being 

significantly different if P < 0.05. 

3. Results and Discussion 

Heavy metals concentrations in the skin of Cephalophus species over the sampling period 

were presented in Table 1. Zn, Pb, Cd and Mn concentration in the skin were correlated with 

the liver concentration, but Fe, Cu and Cr concentration were not, which was in line with 

Kim and Koo (2008a) findings on heavy metals concentration in feather of Korean shore 

birds. There was no significant difference (P > 0.05) in all the metals concentration except Fe 

which varied in the third week of the study. However, the concentration of Pb, Cd and Cr 

were observed to be significantly (P < 0.05) higher in the fourth week than other sampling 

period.  

Table 1. Heavy metals concentration (mg/kg) in the skin of Cephalophus species 

Periods/Metals Pb Fe Cu Zn Cd Cr Mn 

WEEK 1 0.49±0.03a 395.50±4.68a 4.90±0.82a 141.36±32.10a 0.90±0.04a 0.71±0.09a 17.11±1.92a 

WEEK 2 0.52±0.06a 413.96±37.25a 7.34±1.29a 115.07±11.99a 0.91±0.02a 0.83±0.06a 14.16±2.06a 

WEEK 3 0.48±0.11a 319.25±2.14b 7.28±0.93a 136.27±20.21a 0.92±0.02a 0.75±0.03a 11.51±0.36a 

WEEK 4 0.56±0.06a 397.36±19.18a 6.45±0.43a 108.41±22.14a 0.93±0.02a 0.83±0.18a 14.00±2.94a 

Mean values (± Standard Error) in the same column with the same superscripts are not significantly 

different (P > 0.05) 

Table 2. Heavy metals concentration (mg/kg) in the liver of Cephalophus species 

Periods/Metal Pb Fe Cu Zn Cd Cr Mn 

WEEK 1 0.68±0.05a 668.32±14.58a 8.67±0.60b 139.17±32.43a 0.66±0.05a 1.04±0.16a 14.54±3.81a 

WEEK 2 0.62±0.04a 639.55±9.98a 10.06±1.03ab 110.64±12.72a 0.77±0.10a 1.34±0.30a 11.39±3.24a 

WEEK 3 0.64±0.04a 587.80±47.81a 12.83±0.47a 117.57±21.67a 0.83±0.05a 1.18±0.47a 11.09±0.69a 

WEEK 4 0.64±0.07a 653.20±30.95a 10.62±1.28ab 106.11±20.18a 0.85±0.11a 1.24±0.43a 12.12±2.20a 

Mean values (± Standard Error) in the same column having the same superscripts are not significantly 

different (P > 0.05) 
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Moreover, the liver of Cephalophus species in the first week recorded high concentrations in 

Pb, Fe, Zn, Mn and low in Cu, Cd and Cr as shown in Table 2. Meanwhile, at the fourth week, 

the liver was higher in Cd concentration as compared to other period. However, the 

differences observed in the concentration of heavy metals in the liver (Table 2) were not 

significantly different (P > 0.05). In this study, Cd concentration in the liver was found to be 

higher in ascending order S > L > Lu > K in line with Kim and Koo (2008a) findings which 

against Kim et al. (2010) that found Cd concentration to be higher in kidney that liver.  

Pb, Cr and Cd were also recorded low in the liver as several other studies also revealed, 

which anthropogenic activities and influence from industrial procedure are the sources (Köck 

et al., 1989b). Pb and Cd concentrations in the liver were within the background level or 

normal range which against Kim and Koo (2008b) findings, but in accordance with Kim et al. 

(2009) findings on heavy metals in tissue of some wild birds from Korea. Zn, Mn and Fe 

concentrations were found higher and not significantly different (P > 0.05) in the liver in line 

with Kim et al. (2009) findings.  

All the metals were not significantly different (P > 0.05) in the liver except Cu which was in 

line with Kim and Koo (2008b) findings on heavy metals distribution in chicks of two heron 

species from Korea. Essential elements concentration (Fe, Zn and Mn) did not significantly 

differs (P > 0.05) in the liver and kidney as found by Kim et al. (2010) in monitoring of 

heavy metal contamination using tissue of two ardeids chicks.  

Also, this study found that Pb and Cd concentrations in the liver were correlated and highly 

related, this indicate the contamination of the animal foraging sites which was also opined by 

Kim et al. (2010) findings. Therefore, it suggests that Pb and Cd in the liver and kidney can 

be used as a bio-indicator of acute and/or chronic local contamination (Kim and Koo, 2008b; 

Kim et al., 2010). Cd and Zn concentration were recorded highest in the lungs at the fourth 

week (Table 3). However, no significant difference (P > 0.05) was observed in the metals 

concentration in the liver. 

Table 3. Heavy metals concentration (mg/kg) in the lungs of Cephalophus species 

Periods/Metals Pb Fe Cu Zn Cd Cr Mn 

WEEK 1 0.82±0.04a 759.16±6.90b 4.61±0.36a 72.92±6.51a 0.70±0.14a 2.17±0.49a 8.14±1.31a 

WEEK 2 0.81±0.03a 767.98±15.42b 5.21±0.42a 67.48±7.27a 0.75±0.10a 2.35±0.08a 7.61±1.28a 

WEEK 3 0.80±0.07a 754.43±11.17b 6.06±0.90a 76.44±3.72a 0.69±0.10a 2.17±0.46a 6.57±0.35a 

WEEK 4 0.78±0.06a 764.04±16.35b 4.32±0.16a 85.24±3.29a 0.91±0.01a 2.09±0.36a 6.87±1.02a 

Mean values (± Standard Error) in the same column having the same superscripts are not significantly 

different (P > 0.05) 

The concentration of Cu in the kidney at the first week was significantly lower than 

subsequent weeks (Table 4), while Cr, Cd, Fe, Zn and Pb concentrations were significantly 

higher at the fourth week with significant difference (P < 0.05) occurred in Mn and Cu. Pb, 

Cd and Cr clearly revealed low value while the reverse was true for Fe, Zn, Mn and Cu in 

contrary to Köck et al. (1989a) finding on accumulation of heavy metals in the kidney of 
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small mammals captured at a waste disposal site, but in line with Kim et al. (2009) findings.  

There was no significant different (P > 0.05) in all the metals throughout the sampling 

periods except for Cu and Mn which differs in the first week for Cu, week 1 and week 3 for 

Mn. The result was against Köck et al. (1989a) findings which Zn was not significantly 

different (P > 0.05). The metals mean concentration in the lungs, skin, liver and kidneys of 

Cephalophus species from the study area was shown in Table 5.  

Table 4. Heavy metals concentration (mg/kg) in the kidney of Cephalophus species 

Periods/Metals Pb Fe Cu Zn Cd Cr Mn 

WEEK 1 1.07±0.20a 571.15±15.79a 10.76±0.35b 95.19±7.10a 0.24±0.04a 2.27±0.38a 11.41±1.16a 

WEEK 2 1.05±0.11a 578.70±9.19a 14.24±0.69a 94.96±1.43a 0.29±0.05a 2.27±0.51a 7.65±0.98ab 

WEEK 3 1.09±0.15a 591.40±3.66a 14.04±1.03a 90.88±5.89a 0.29±0.04a 2.55±0.31a 6.69±0.77b 

WEEK 4 1.10±0.11a 549.89±18.58a 14.33±0.46a 91.06±4.36a 0.33±0.03a 2.78±0.44a 7.84±1.62ab 

Mean values (± Standard Error) in the same column having the same superscripts are not significantly 

different (P > 0.05) 

Table 5. Mean concentrations of heavy metals (mg/kg) in organs of Cephalophus species  

Mean values (± Standard Error) in the same column having the same superscripts are not significantly 

different (P > 0.05) 

Generally, the concentration of heavy metals in Cephalophus spp was in descending order of 

Cd (0.29±0.02 - 0.92±0.01) < Pb (0.52±0.03-1.08±0.06) < Cr (0.78±0.05-2.47±0.19) < Cu 

(5.05±0.30-13.35±0.54) < Mn (7.30±0.49-14.20±1.06) < Zn (75.52±3.04-125.28±10.57) < Fe 

(381.52±14.25-761.40±5.76). Cephalophus Spp accumulated the metals in ascending order 

Fe > Zn > Mn > Cu > Cd > Cr > Pb for skin, Fe > Zn > Mn > Cu > Cr > Cd > Pb for liver, 

Fe > Zn > Mn > Cu > Cr > Pb > Cd for lung and Fe > Zn > Cu > Mn > Cr > Pb > Cd for 

kidney. Among all the metals tested for, concentrations of Fe and Zn were observed to be 

significantly higher (P < 0.05) than Pb, Cu, Cd, Cr and Mn in the animal (Figure 2).  

The concentration of the studied metals in the organs were in ascending order K > Lu > L > S 

for Pb and Cr, S > L > K > Lu for Zn and Mn, while Fe, Cu and Cd also accumulated in 

ascending order Lu > L > K > S, K > L > S > Lu and S > L > Lu > K respectively. Pb, Cr and 

Cu concentrations were significantly higher (P < 0.05) in the kidneys than the liver, skin and 

lungs. Similarly, concentrations of Zn, Mn and Cd were significantly higher (P < 0.05) in the 

skin than the other organs studied (Table 5). The variability and significant difference in all 

Organ/Metals Pb Fe Cu Zn Cd Cr Mn 

Skin 0.52±0.03d 381.52±14.25d 6.49±0.49c 125.28±10.57a 0.92±0.01a 0.78±0.05b 14.20±1.06a 

Liver 0.64±0.02c 637.22±15.65b 10.54±0.59b 118.37±10.47a 0.78±0.04b 1.20±0.16b 12.28±1.24a 

Lungs 0.80±0.02b 761.40±5.76a 5.05±0.30d 75.52±3.04b 0.76±0.05b 2.19±0.17a 7.30±0.49b 

Kidneys 1.08±0.06a 572.79±7.22c 13.35±0.54a 93.02±2.28b 0.29±0.02c 2.47±0.19a 8.40±0.74b 
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the metals across the organs of Cephalophus species may not be as a result of differences in 

the animal diet and habitat as opined by Kim et al. (2009), but rather as to the level of acute 

or chronic contamination of their diet and habitat. 

 

Figure 2. Heavy metals accumulation in Cephalophus species over the sampling periods 

References 

Agah, H., Leermakers, M., Elskens, M., Fatemi, S. M. R., & Baeyens, W. (2009). 

Accumulation of trace metals in the muscles and liver tissues of five fish species from the 

Persian Gulf. Environmental Monitoring Assessment, 157, 499-514. 

http://dx.doi.org/10.1007/s10661-008-0551-8 

Anadu, P. A., Elamah, P. O., & Oates, J. F. (1988). The bushmeat trade in southwestern 

Nigeria: a case study. Human Ecology, 16, 199-208. http://dx.doi.org/10.1007/BF00888092 

Blasco, J., Rubio, J. A., Forja J., Gomez-Parra, A., & Establier, R. (1998). Heavy metals in 

some fishes of the muglidae family from salt-pounds of Codiz Bay South Western Spain. 

Ecotoxicology Environmental Research, 1, 71-77 

Christian, E. S., María, O. B., & Carlos, D. A. (2010). Folia Zool. Vol. 59(2). Pp, 108-114 

Davies, G., Heydon, H., Leader-Williams, N., MacKinnon, J. R., & Newing, H. S. (2001). 

The effects of logging on tropical forest ungulates. In: The Cutting Edge: Conserving 

Wildlife in Logged Tropical Forests, (Eds) R. A. Fimbel, A. Grajal and J.G. Robinson, 

Columbia University Press, New York. Pp. 93-124 



Journal of Biology and Life Science 

ISSN 2157-6076 

2015, Vol. 6, No. 2 

www.macrothink.org/jbls 127 

Dural, M., Goksu, L. M., & Ozak, A. A. (2007). Investigation of heavy metal levels in 

economically important fish species captured from the Tuzla lagoon. Food Chemistry, 102, 

415-421. http://dx.doi.org/10.1016/j.foodchem.2006.03.001 

Eves, H. E., Stein, J. T., & BCTF. (2002). BCTF Fact Sheet: Duikers and the African 

bushmeat trade. Bushmeat crisis task force. Washington, DC. Pp. 21 

Gautier-Hion, A., Emmons, L. H., & Dubost, G. (1980). A comparison of the diet of three 

major groups of primary consumers of Gabon (primates, squirrels and ruminants) Oecologia 

(Berlin), 45, 182-189. http://dx.doi.org/10.1007/BF00346458 

Gupta, A., Rai, D. K., Pandey, R. S., & Sharma, B. (2009). Analysis of some heavy metals in 

the riverine water, sediments and fish from River Ganges at Allahabad. Environmental 

Monitoring Assessment, 157(1 - 4), 449-458. 

International Union of Conservation and Nature, (2012). Cephalophus adersi. IUCN Red List 

of Threatened Species. 

Jachmann, H. (2008). Illegal wildlife use and protected area management in Ghana. Biology 

Conservation, 141, 1906 – 1918. http://dx.doi.org/10.1016/j.biocon.2008.05.009 

Kim, J., & Koo, T. H. (2008a). Heavy metal concentrations in feathers of Korean shorebirds. 

Arch Environ Contam Toxicol, 55(1), 122-128. http://dx.doi.org/10.1007/s00244-007-9089-y 

Kim, J., & Koo, T. H. (2008b). Heavy metal distribution in chicks of two heron species from 

Korea. Arch Environ Contam Toxicol, 54(4), 740 – 747. 

http://dx.doi.org/10.1007/s00244-007-9056-7 

Kim, J., Shin, J. R., & Koo, T. H. (2009). Heavy metal distribution in some wild birds from 

Korea. Arch Environ Contam Toxicol, 56(2), 317-324. 

http://dx.doi.org/10.1007/s00244-008-9180-z 

Kim, J., Koo, T. H., & Oh, J. M. (2010). Monitoring of heavy metal contamination using 

tissues of two ardeids chicks, Korea. Bull Environ Contam Toxicol. 84(6), 754-758. 

http://dx.doi.org/10.1007/s00128-010-0015-z 

Kingdon, J. (1997). The Kingdon Field Guide to African Mammals. AP Natural World 

Academic press, Great Britain. Pp. 464 

Köck, M., Schaffler, R., Sixl, W., Pichler-Semmelrock, F., Kosmus, W., & Marth, E. (1989a). 

Accumulation of heavy metals in animals. Part 3: Heavy metal contamination in small 

mammals at a waste disposal site. J Hyg Epidemiol Microbiol Immunol, 33(4), 536-541 

Köck, M., Kosmus, W., Pichler-Semmelrock, F.P., & Sixl, W. (1989b). Accumulation of 

heavy metals in animals. Part 1: Lead and cadmium contamination in some wild animals. J 

Hyg Epidemiol Microbiol Immunol, 33(4), 521 - 528 

Lannoy, L., Gaidet, N., Chardonnet, P., & Fanguinoveny, M. (2003). Abundance estimates of 

duikers through direct counts in a rain forest, Gabon. African Journal of Ecology, 41, 108-110. 

http://dx.doi.org/10.1046/j.0141-6707.2002.00415.x 



Journal of Biology and Life Science 

ISSN 2157-6076 

2015, Vol. 6, No. 2 

www.macrothink.org/jbls 128 

Linnik, P. M., & Zubenko, I. B. (2000). Role of bottom sediments in the secondary pollution 

of aquatic environments by heavy metal compounds. Lakes and Reservoirs Research 

Management, 5(1), 11-21. http://dx.doi.org/10.1046/j.1440-1770.2000.00094.x 

Lunt, N., & Mhlanga, M. R. (2011). Defecation rate variability in the common duiker: 

importance of food quality, season, sex and age. South African Journal of Wildlife Research, 

41(1), 29-35. http://dx.doi.org/10.3957/056.041.0113 

Muchaal, P. K., & Ngandjui, G. (1999). Impact of village hunting on wildlife populations in 

the western Dja Reserve, Cameroon. Conservation Biology, 13(2), 385-396. 

http://dx.doi.org/10.1046/j.1523-1739.1999.013002385.x 

Newing, H. (2000). Bushmeat hunting and management: implications of duiker ecology and 

Inter-specific competition. Biodiversity and Conservation, 10, 99-118. 

http://dx.doi.org/10.1023/A:1016671524034 

NPC, (2006). Population distribution by sex, state, LGAs and senatorial district; 2006 census 

priority tables. National population commission, Volume 3 

Ogunfowokan, A. O., Oyekunle, J. A. O., Durosinmi, L. M., Akinjokun, A. I., & Gabriel, O. 

D. (2009). Specialization study of lead and manganese in road side dusts from major roads in 

Ile - Ife, Nigeria. Chemistry and Ecology, 25(6), 405-415. 

http://dx.doi.org/10.1080/02757540903325112 

Opaluwa, O. D., & Umar, M. A. (2010). Level of heavy metals in vegetables grown on 

irrigated farmland. Bulletin of Pure and Applied Sciences, 29C (1), 39-55 

Orebiyi, E. O., Awomeso, J. A., Idowu, O. A., Martins, O., & Taiwo, A. M. (2010). 

Assessment of pollution hazards of shallow well in Abeokuta and Environs South West, 

Nigeria. American Journal of Environmental Sciences, 6(1), 50-56. 

http://dx.doi.org/10.3844/ajessp.2010.50.56 

Rist, J., Milner-Gulland, E. J., Cowlishaw, G., & Rowcliffe, J. M. (2009). The importance of 

hunting and habitat in determining the abundance of tropical forest species in Equatorial 

Guinea. Biotropica, 41, 700-710. http://dx.doi.org/10.1111/j.1744-7429.2009.00527.x 

Soewu, D. A., Bakare, O. K., & Ayodele, I. A. (2012). Trade in Wild Mammalian Species for 

Traditional Medicine in Ogun State, Nigeria. Global Journal of medical Research, 12(3), 

6-21. 

Soewu, D. A., Agbolade, O. M., Oladunjoye, R. Y., & Ayodele, I. A. (2014). Bioaccumulation 

of heavy metals in (Thyonomys swinderianus) cane rat in Ogun State, Nigeria. Journal of 

Toxicology and Environmental Health Sciences, 6(8), 154-160. 

http://dx.doi.org/10.5897/JTEHS2014.0310 

Wilson, V. J. (2005). Duikers of Africa; Masters of the African Forest Floor. A Study of 

Duikers- people-hunting and Bushmeat. Zimbi Books, Pretoria, South Africa. 

Yousuf, M. H., & El-Shahawi, A. (1999). Trace metals in fish from Arabian Gulf; Metal 



Journal of Biology and Life Science 

ISSN 2157-6076 

2015, Vol. 6, No. 2 

www.macrothink.org/jbls 129 

accumulation in Kidney and Heart tissues. Bulletin of Environmental Contamination and 

Toxicology, 62(3), 293-300. http://dx.doi.org/10.1007/s001289900873 

 

Copyright Disclaimer 

Copyright for this article is retained by the author(s), with first publication rights granted to 

the journal. 

This is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution license (http://creativecommons.org/licenses/by/3.0/). 


