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Dumping of wastes from industrial facilities and domestic sources indiscriminately have led to incessant and 
injurious pollution of environmental components with heavy metals and other pollutants. To a far greater 
extent heavy metal pollution of soils is eliciting global attention and public health concern. This study was 
undertaken to assess the levels of heavy metal pollution in soils from Utaewa dumpsite in Ikot Abasi, Niger 
Delta, Nigeria  , which few years ago was  the site for the dumping of industrial wastes from Aluminium 
Smelter Company of Nigeria Limited, Ikot Abasi , but now being used for farming. Five soil samples and three 
Manihot esculenta (cassava tubers) samples were taken from the dumpsite, for heavy metal analyses ( 
vanadium, copper, lead, cadmium, arsenic, zinc, iron, nickel , cobalt , aluminium, silver and selenium) , by 
inductively coupled plasma spectrometry.  The results indicated the levels of cadmium and silver were below 
detection limits. Other metals were below the maximum permissible limits in soils. All the values of the heavy 
metals were lower than the permissible limits in crops, except As (0.503 mg/kg) and Se (0.594 mg/kg) as 
regulated.  The pollution load index (PLI) of heavy metals in the soils during the rainy and dry seasons were 
0.047 and 0.048  respectively, and the difference in the pollution load index for the two seasons is not 
significant (p < 0.05). Transfer factors for all the metals were less than one, except vanadium which had a 
value of 144.8, during the rainy season and 48.28, during the dry season, indicating enhanced transfer of 
vanadium and other metals from soil to the Manihot esculenta in both seasons, raising human health concern. 
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1. INTRODUCTION 

Indiscriminate dumping of wastes with toxic materials from industrial 
facilities and domestic sources have led to iinjurious pollution of 
environmental components such as soil, water and air with heavy metals 
and organic pollutants (Etesin and Ogbonna, 2023). To a far greater extent 
heavy metals contamination of soils, sediments and underground waters 
is eliciting global attention and public health concerns (Giaccio et al., 
2012). Heavy metals are basically metals and metalloids that possess 
biological toxicity, such as cadmium, mercury, arsenic, lead, and chromium 
(Martínez-Graña et al., 2014). These toxic metals are ubiquitous in the 
environment, and they enter the ecosystem mainly as a fallout of 
anthropogenic activities (García Sánchez, 2008). Heavy metal 
contamination is a major threat to the health and well-being of organisms 
and human beings due to potential accumulation risk through the food 
chain. This constitute important factor in plants and human health 
concern with documented evidences of the adverse effects.  (Etesin et al., 
2015; Lwin et al., 2018; Ahmed et al., 2015; Ali et al., 2016).  

There are major impacts of heavy metal pollution on humans and other 
organisms such as, alteration of the diversity, population size and overall 
activity of the soil microbial communities which creates toxic effects on 
soil microorganisms (Ashraf and Ali, 2007). There has been reported cases 
of enhanced lead metal concentrations in soils, mostly at dumpsites, where 
both industrial and domestic wastes are discharged.  This enhancement 
likely led to decrease in soil productivity and uptake of the metal by the 
plants from soils which poses a great health risk to humans through the 

food chain (Jordao et al., 2006). Generally, uptake of soil heavy metals by 
plants is a potential health threat to humans that should be given serious 
attention by regular monitoring of the concentration levels of metals in the 
siol. (Nuralykyzy et al., 2021).  

Soil has been classified as the critical environmental medium, which is 
subject to various organic and inorganic pollutants resulting from 
different anthropogenic activities (Al-Khashman and Shawabkeh, 2006). 
The crave for rapid economic boost, with the increasing demands for 
metals during the course of industrialization and urbanization, has put a 
great burden on soil, resulting to more and more heavy metal pollutants 
becoming widespread (Yang et al., 2011). The general effects and dire 
consequences of environmental pollution in Ikot Abasi LGA and across the 
world have been well studied and documented, and are widely known 
(Olujide, 2006; Enemugwem, 2009; WHO, 2010; Ukpong et al., 2017; 
Chijioke et al., 2018; Atting et al., 2019; Doulgeridou et al., 2020; Lavenir 
et al., 2020). The concerns about the integrity and pollution status of agro- 
ecosystems worldwide has attracted much attention. 

Therefore, much attention has been focused worldwide on heavy metals 
pollution of environments within the past few decades due to 
indiscriminate dumping of wastes from anthropogenic sources. 
Researchers are generally of the views that it is a major global problem 
threatening the sustainability of agro environments, biota species and 
humans who ingest resources from the contaminated ecosystems (Barrera 
and Ariza, 2017; Naggar et al., 2018; Weissmannova et al., 2019; Alhjahdali 
and Alhassan, 2020; Liu et al., 2021; Hamid et al., 2022).  Published 
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information implicated heavy metals among the one hundred and twenty-
nine (129)  contaminants (including organics, pesticides etc) which are 
designated by the United States Environmental Protection Agency (US 
EPA) as priority pollutants, having been known or suspected to be the 
cause of  carcinogenicity, mutagenicity, teratogenicity, or high acute 
toxicity (Tchobonoglous  et al., 2004). Therefore, heavy metal presence 
and release into or removal from the environment are regulated in a global 
scale including Nigeria (Tchobonoglous et al., 2004; WHO, 2010; 
Weissmannova et al., 2019; Etesin et al., 2021).      

Contamination of soil by heavy metals is of a public health concern and 
most important apprehension throughout the industrialized world 
(Hinojosa et al., 2004). Heavy metal pollution not only result in adverse 
effects on various parameters relating to plant quality and yield but also 
cause changes in the size, composition and activity of the microbial 
community (Yao and Huang, 2003). Therefore, heavy metals are 
considered as one of the major sources of soil pollution. Heavy metal 
pollution of the soil is caused by various metals especially Cu, Ni, Cd, Zn, 
Cr, and Pb (Hinojosa et al., 2004). The adverse effects of heavy metals on 
soil biological and biochemical properties are well documented. The soil 
properties i.e. organic matter, clay contents and pH have major influences 
on the extent of the effects of metals on biological and biochemical 
properties (Speira et al., 1999). 

A group researchers reported that the application of waste materials from 
fish ponds in a farm may likely results in excessive accumulation of metals 
in the environment (Aladesanmi et al., 2014; Onuoha, 2017). A report by 
the United States Environmental Protection Agency (USEPA) highlighted 
that the utilization of organic wastes from refuse dumps as a source 
manure can aggravate  availability of toxic metals in soil (USEPA, 2022). 
According to a study, uptake of soil heavy metals by plants is a potential 
health threat to animals and humans through the food chain, that should 
be given serious consideration (Nuralykyzy et al., 2021). The consumption 
of heavy metal contaminated food can seriously deplete some essential 
nutrients in the body that are further responsible for decreasing 
immunological defences (Etesin and Ogbonna, 2023). 

Recently researchers inn their studies, reported that cadmium (Cd) is a 
well-known toxicant and the target organs for Cd toxicity have been 
identified as liver, placenta, kidneys, lungs, brain and  bones (Etesin and 
Ogbonna, 2023; Sobha et al., 2007). Depending on the extent of exposure, 
the causal effects of heavy metal toxicity include nausea, vomiting, 
abdominal cramps, dyspnea and muscular weakness. Severe exposure 
may result in pulmonary odema and death. Pulmonary effects 
(emphysema, bronchiolitis and alveolitis) and renal effects may occur 
following sub- chronic inhalation exposure to cadmium and its compounds 
(Hinojosa el al., 2004).  

A group researcher in their study asserted that on a global scale, more than 
ten million soil sites are polluted, with more than fifty per cent (%) of these 
soil sites are contaminated with heavy metals (He et al., 2015). Pollution 
caused by heavy metals in soils may result from multiple sources, such as 
atmospheric deposition, waste disposal, waste incineration, urban 
effluents, traffic emission, fertilizer application, and the long-term 
application of wastewater in agriculture (Cachada et al., 2012; Lv et al., 
2015). 

In consideration of eco-toxicological studies,  the following metals have 
been associated with the toxic effects indicated in humans through the 
food chain (USEPA, 2023):  

• Arsenic, As breathing problems, death, decrease of intelligence, etc.

• Cadmium, Cd kidney damage, hypertension, cancer, ititi etc.

• Bismuth, Bi  implicated in renal failure

• Chromium, Cr -  implicated in renal failure, lung cancer, etc.

• Cobalt, Co  -  causes goiter

• Copper, Cu - causes shortage of blood, irritation, etc.

• Iron, Fe - causes vomiting, bleeding, heart failure,   stomach ulcer and 
may lead to eventual death. 

• Lead, Pb , high blood pressure, kidney damage, learning difficulty.

• Mercury, Hg , Blindness, death, brain damage, genetic mutation,
mental retardation. 

• Manganese, Mn - Parkinson-like syndrome, respiratory diseases etc

• Nickel, Ni - Dermatitis, eczema, reduced sperm, lung diseases, etc

• Silver, Ag - bone marrow depression,  pulmonary diseases, blue-grey 
skin,nail discoloration. 

• Thallium, Th - vomiting, diarrhea, pain and coma etc 

• Zinc, Zn - vomiting, cholera, abdominal pain, anemia etc

• Aluminum, Al - muscular condition, alzheimer’s disease Parkinson’s 
disease, cancer, dementia, senility etc (Ansari et al, 2004; 

Many studies have indicated bioaccumulation of heavy metals which are 
highly influenced by the prevailing physico-chemical condition of the 
environment, speciation, biota metabolism, uptake and excretion rates 
and the plant species concerned (Ansari et al., 2004; Maher et al., 2016; US 
EPA, 2023). Environmental bioindicators or biomonitors of heavy metals 
pollution are organisms whose bioaccumulated heavy metals 
concentration is used to assess the pollution status or ecological and/or 
health risk due to specific metal concentration (Maher et al., 2016; 
Simpson and Kumar, 2016; Barrera and Ariza, 2017; US EPA, 2007; 2023). 
Sedentary organisms are preferred to migratory organism for use as 
bioindicators, like plantsand animals in a given study area. 

The aims of this study include: 

• determination of the distribution of heavy metals namely ; cadmium, 
lead, zinc, copper, iron, manganese, arsenic, mercury, in the soils and 
Manihot esculenta planted and harvested in soils of Utaewa dumpsite, 
Ikot Abasi as to create awareness of  their  pollution status in the 
ecosystems. 

• to estimate the ecological and health risks associated with  heavy 
metals data obtained with a view to safeguarding the ecosystem and 
human health . 

2. MATERIALS AND METHODS 

2.1 The Study Area 

The dumpsite is located in Ikot Abasi , which lies within the Southeast of 
the Niger Delta  in Nigeria (Figure 1). Ikot Abasi Local Government Area is  
located between latitude 4.3111 o and 4.4512 o North and between 
longitude 7.5213 o and 8.0219 o East (Etesin and Inim, 2021). Ikot Abasi is 
a local government in Akwa Ibom State that hosts facilities of  Exxon Mobil,  
Aluminium Smelter Company of Nigeria (ALSCON), SEPTA gas station, 
Ibom Power Company Limited, Ikot Abasi . The dumpsite has received 
both industrial and domestic wastes from these facilities for more than 
fifteen years. With the discontinuation of wastes disposal at the dumpsite, 
there is presently some farming activities going on within the dumpsite 
and the environs. 

The study area, Ikot Abasi, being part of the Niger Delta is underlain by the 
sedimentary formation of the Late Tertiary and Holocene ages (Udo et al., 
2013). Deposits of recent alluvium and beach ridge sands occurred along 
the coast and the estuaries of the Imo and flood plains of Uta Ewa creek 
(Magnus et al., 2012). The study area is made up of matured, coarse and 
moderately sorted coastal plain sands which overlies the Bende-Ameki 
formation and dips south westward (Enemugwem, 2009). The landscape 
of the study area comprises of a low-lying plain and riverine areas with no 
portion exceeding 175 meters above mean sea level. The physiography of 
the area is that of a beach ridge complex characterized by a succession of 
sub-parallel sand ridges (Kumer, 2013). The physical relief of the study 
area is flat, though with some marshy river-washed soils around the banks 
of the Utaewa River (Etesin et al., 2013). 

Ikot Abasi Local Government Area falls within the tropical zone and her 
vegetation is the green foliage of trees/shrubs and the oil palm tree belt. 
The Local Government Area has two seasons: the wet season and the dry 
season. There are abundant deposits of crude oil and clay in the study area. 
Forest resources include mangroves, nipa palm, timber, palm produce 
while the area is also noted for seafood production. Farm crops range from 
yam, cassava, cocoyam, plantain to maize and vegetables (Akankpo and 
Igbokwe, 2011). 
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Figure 1: Map of Ikot Abasi showing the sampling locations at the dumpsite (DS) 

2.2   Materials and Reagents      

The materials and reagents required for the research projects were: 

• Soil Auger , for sampling of soil samples

• Analar grade hydrochloric acid  ( 37 % )

• Analar grade nitric acid ( 98 % )

• Analar grade perchloric acid 

• Demineralised water 

• Distilled water 

• Polyethylene bags 

• Volumetric flasks ( 100 mls 

• Beakers ( 250 ml )

• Filter papers 

• Sample bottles 

• Erlenmeyer flask ( 250 ml )

2.3  Collection of soil samples and Preparations 

The soil samples were collected from strategic locations around the 
dumpsite (S1-S5) according to the method of APHA, 2005, whereby sub-
surface soil samples (10–15 cm) were sampled from five locations using 
soil Auger sampler and stored in black polyethylene bags. Heavy metals 
are more enriched, according to studies, within the surface 0 - 10.0 cm 
depth sediment profile (Batley and Simpson, 2016; Benson et al., 2016).

The soil samples were transported to the Laboratory, air –dried 
and sieved to about 63 microns particle  size. Soil samples were 
collected from the study area to cover April and May, 2023 during the 
rainy season, October and November, 2023 during the dry season.  

2.4  Collection of samples of Manihot esculenta  and preparation 

The samples of Manihot esculenta roots were harvested from three 
locations around the dumpsite (C1-C3) and transported to the Laboratory 
for further processing for heavy metal analysis. The samples were 
harvested from the study area to cover April and June, 2023 during the 
rainy season, October and November, 2023 during the dry season. The 

root tubers of Manihot esculenta were processed by removing the outer 
cover, the tubers were grated  and air-dried for few days before digestion. 

2.5  Digestion of soil samples  

Digestion of the soil samples were carried out according to the methods 
adopted, whereby, one gram of < 63 micron soil samples were extracted 
in a 250 ml borosilicate beaker using 3: 1 ratio, HCl : HNO3  mixed acid 
solution and  heated to near dryness on a hot plate (Etesin et al., 2015; 
Etesin and  ogbonna, 2023).The digest was removed from heat and 20 ml 
deionised water added and allowed to cool. The digests were filtered 
through Whatman Grade A filter paper into 100 ml volumetric flask and 
made up to the mark with deionized water. The coloured digests were 
decolourised by adding some grams of activated charcoal and filtered 
through Whatman Grade A filter paper (APHA, 2021) 

2.6  Digestion of roots tubers of Manihot esculenta 

Digestion of the prepared root tubers of Manihot esculenta samples was 
carried out according to the methods adopted by (Shiraishi et al., 1990; 
Etesin and ogbonna, 2023). Five (5)  grams of the prepared samples were 
digested in a 250 ml borosilicate beaker using 4: 1 ratio, HNO3 : HClO4 
mixed acid solution and heated to near dryness on a hot plate, with 
formation of white fumes.  20 ml of 0. 5 M HNO3 solution was added and 
filtered through grade A Whatman filter paper. The filtrate was 
transferred to 100 ml volumetric flask and make up to the mark with 0.5 
M HNO3. 

2.7   Determination of heavy metals in soil digests 

Inductively coupled plasma-optical emission spectrophotometer (Model: 
Agilent 720 ICP-OES) was used to analyze the total metal content in each 
100 ml soil digests.  Prior to the ICP-OES analysis, the samples of the soil 
matrix had been prepared as described in the proceeding sections 
(Simpson et al., 2016; Tuo et al., 2019; US EPA, 2023). The instrumental 
procedure used for the ICP-OES analysis is presented in detail in Appendix 
A. The ICP-OES method was chosen because of its very low detection limits 
(ppb), simultaneous multielement analysis and high linear dynamic range
(Morais et al., 2014; US EPA, 2023). 

2.8   Determination of heavy metals in Manihot esculenta digests  

 Inductively coupled plasma-optical emission spectrophotometer (Model: 
Agilent 720 ICP-OES) was used to analyze the total metal content in each 
100 ml  digest of Manihot esculenta.  Prior to the ICP-OES analysis, the 
samples of the Manihot esculenta matrix had been prepared as described 
in the proceeding section (Simpson et al., 2016; Tuo et al., 2019; US EPA, 
2023). The instrumental procedure used for the ICP-OES analysis is 
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presented in detail in Appendix A. The ICP-OES method was chosen 
because of its very low detection limits (ppb), simultaneous multielement 
analysis and high linear dynamic range (Morais et al., 2014; US EPA, 2023). 

2.9   Determination of contamination factor (CF) and pollution load 
index (PLI) 

The contamination factor (CF) is an index method for calculating the 
degree of contamination by heavy metals relative to the average 
continental or crustal background composition of the metal concerned 
(Pandey et al., 2015). The reference composition could otherwise be a 
measured local or regional background concentration from a geologically 
similar, but uncontaminated area (Benson et al., 2016; Onjefu et al., 2020). 

The equation for contamination factor (CF) is: 

CF   =    CM / CB   (1) 

Where,  

CM is the measured concentration of a given heavy metal in a soil sample, 

CB is the standard preindustrial (uncontaminated) reference level of the 
metal in mg/kg. 

The contamination factor categorizes soil / sediment quality into four 
classes namely: 

C F < 1; indicates low contamination status: 

1 < CF <3;  moderate contamination status; 

3 < CF <5; considerable contamination status; and  

6 < CF; very high contamination status (Benson et al., 2016; Onjefu et al., 
2016, 2020). 

Pollution load index (PLI) is calculated by the modified formula. (Islam et 
al., 2015b; Ali et al., 2016): 

PLI= (CF1 x CF2 x CF3 ------ CFn )1/n                 (2)  

PLI = 0 ;  soil or sediment is excellent ,  

PLI = 1; no pollution of the soil 

PLI  >  1 ;  baseline pollution of the soil level, which indicates progressive 
deterioration of soil quality.   

3.0  Data analysis  

All data obtained in the study were subjected to analysis of variance 
(ANOVA) for spatial and seasonal variations, with the level of significance 
set at p < 0.05. The statistical analysis of the data was performed using 
SPSS, Version 25 software, including determinations of mean, standard 
deviation and other calculations for the data acquired. 

3. RESULTS AND DISCUSSION 

3.1 Results of Heavy metals determination in Soils 

The results of heavy metal analyses in soils from Utaewa dumpsite during 
rainy season are presented in Table 1. The mean results (mg/kg ) obtained 
were as follows : V ( 0.005 ± 0.008  ); Cr ( 3.713 ± 0.638 ) ; Mn (6.546 ± 
1.442) ; Fe ( 3517 ± 374) ; Co (0.01 ±0.001) ; Ni (1.853 ± 0.377) ; Cu ( 3.169 
± 0.726) ; Ag ( < 0.001) ; Zn (16.93 ± 1.147 ) ; Cd ( < 0.001 ) ; Al ( 4394 ± 
758 ); Pb ( 3.355 ± 0.58 ) As (1.638 ± 0.414 ). The values of the heavy 
metals were below their background values, except Arsenic (1.638 mg/kg) 
with a background value of 1.5 mg/kg . The results of the heavy metals 
were in the following order during the rainy season; Al > Fe > Zn > Mn > 
Cu > Cr > Pb > Ni > As > Co > V > Ag , Cd. 

The results of heavy metal analyses in soils from Utaewa dumpsite during 
dry season are presented in Table 2 . The mean results (mg/kg) obtained 
were as follows : V ( 0.015 ± 0.007  ); Cr ( 3.296 ± 0.99 ) ; Mn (4.666 ± 1.26) 
; Fe ( 3029 ± 260) ; Co (0.02 ±0.001) ; Ni (1.486 ± 0.38) ; Cu ( 3.499 ± 1.06) 
; Ag ( < 0.001) ; Zn (14.03 ± 1.06 ) ; Cd ( < 0.001 ) ; Al ( 3803 ± 590 ); Pb ( 
2.012 ± 0.31 ) As (1.243 ± 0.32 ). The values of the heavy metals were 
below their background values. 

Table 1: Results of heavy metals in soils during rainy season 

Sam
ple 

V Cr Mn Fe Co Ni Cu Ag Zn Cd Al Pb As 

(mg/kg) (mg/kg ) (mg/kg) (mg/kg) (mg/kg ) (mg/kg ) (mg/kg ) (mg/kg) (mg/kg) (mg/kg ) (mg/kg) (mg/kg ) (mg/kg ) 

Soil 
1 

0.02 3.662 6.722 3554 < 0.001 1.614 3.558 < 0.001 16.36 
< 

0.001 
4888 3.866 1.824 

Soil 
2 

< 
0.001 

2.986 5.186 3712 < 0.001 2.054 3.337 < 0.001 18.9 
< 

0.001 
5108 2.896 1.534 

Soil 
3 

0.001 4.613 8.221 4015 0.01 1.901 4.901 < 0.001 16.86 
< 

0.001 
4612 3.175 0.975 

Soil 
4 

0.003 3.277 4.975 3218 0.02 2.332 2.995 < 0.001 15.98 
< 

0.001 
3189 4.065 2.065 

Soil 
5 

0.02 4.026 7.624 3088 < 0.001 1.864 3.553 < 0.001 16.54 
< 

0.001 
4175 2.775 1.772 

Mea
n 

0.005 
± 008 

3.713 ± 
0.638 

6.546  ± 
1.442 

3517± 
374 

0.01 ± 
0.001 

1.853 ± 
0.377 

3.669 ± 
0.726 

< 0.001 
16.93 

± 
1.147 

< 
0.001 

4394 ± 
758 

3.355 ± 
0.58 

1.634 ± 
0.414 

3.2   Results of Heavy metals determination in Manihot esculenta. 

The results of heavy metal analyses in Manihot esculenta from Utaewa 
dumpsite are presented in Table 3. The mean results (mg/kg) obtained 
were as follows : V ( 0.724 ± 0.033); Cr ( 0.012 ± 0.002 ) ; Mn (0.025 ± 
0.004) ; Fe (38.71 ± 0.41) ; Co ( < 0.001) ; Ni (0.029 ± 0.005) ; Cu ( 2.88 ± 
0.035) ; Ag ( < 0.001) ; Zn (7.469 ± 0.022 ) ; Cd ( < 0.001 ) ; Al ( 51.10 ± 0.45 
); Pb ( 0.19 ± 0.02 );  As (0.503 ± 0.01); Se (0.594 ± 0.025 ). All the values 
of the heavy metals were lower than the permissible limits in crops , except 
As (0.503 mg/kg)  and Se ( 0.594 mg/kg ) , as regulated ( FAO/WHO, 2011; 
SEPA, 2005 ) .  

3.3   Contamination factors of heavy metals in soils 

The contamination factors of heavy metals in the soils of Utaewa dumpsite 
during the rainy season are presented in Table 4.  The contamination 
factors obtained were V (0.000057), Cr (0.169) , Mn (0.012) , Fe (0.248) , 
Co ( 0.001 ),  Ni ( 0.124 ), Cu ( 0.122), Zn ( 0.282) ,  Al ( 0.061), Pb ( 0.224), 
As (1. 089). The lowest CF was in V metal while As had the highest value 
of 1.089.  All the metals except As had CF of less than one, which indicates 

uncontaminated status, while the CF value for As was greater than one, 
which indicates moderate contamination status of the soil, which is also 
depicted in Figure 2. 

The contamination factors of heavy metals in the soils of Utaewa dumpsite 
during the dry season are presented in Table 5. The contamination factors 
obtained were V (0.00017), Cr (0.150) , Mn (0.009) , Fe (0.213) , Co 
(0.003),  Ni (0.099), Cu (0.117), Zn (0.234) ,  Al (0.053), Pb (0.134), As 
(0.829). The lowest CF was in V metal while as had the highest value of 
0.829.  All the metals had CF of less than one, which indicates 
uncontaminated status, which is also depicted in Figure 3. The difference 
in the contamination factors of the metals in the soil from the dumpsite 
during the rainy and the wet seasons was not significant (p < 0.05). 

3.4   Pollution load index (PLI) of heavy metals in soils 

The pollution load index (PLI) of heavy metals in the soils during the rainy 
and dry seasons calculated were 0.047 and 0.048 respectively (Table 4 and 
Table 5). The difference in the pollution load index for the rainy and dry 
seasons is not significant (p <0.05) 
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Table 2: Results of heavy metals in soils during rainy season 

Sample V Cr Mn Fe Co Ni Cu Ag Zn Cd Al Pb As 

(mg/kg) (mg/kg ) (mg/kg) (mg/kg) (mg/kg ) (mg/kg ) (mg/kg ) (mg/kg) (mg/kg) (mg/kg ) (mg/kg) (mg/kg ) (mg/kg ) 

Soil 1 0.04 3.826 5.962 3419 < 0.001 1.275 4.905 < 0.001 14.99 < 0.001 4174 1.854 1.574 

Soil 2 < 0.001 1.875 3.781 2894 < 0.001 1.934 2.075 < 0.001 16.22 < 0.001 3877 2.066 1.117 

Soil 3 0.004 4.171 4.964 3119 0.03 0.971 4.055 < 0.001 12.54 < 0.001 4186 1.721 0.762 

Soil 4 0.001 2.641 2.972 2977 0.01 1.704 3.145 < 0.001 11.96 < 0.001 2763 2.515 1.442 

Soil 5 0.03 3.966 5.653 2739 < 0.001 1.544 3.315 < 0.001 14.42 < 0.001 4016 1.903 1.322 

Mean 0.015 ± 0.007 3.296  ±  0.99 4.666 ±  1.26 3029 ± 260 0.02 ±  0.001 1.486 ± 0.38 3.499 ± 1.06 < 0.001 14.03 ±  1.76 < 0.001 3803 ± 59 2.012 ± 0.31 1.243 ± 0.32 

Table 3: Results of heavy metals in  Manihot esculenta (Cassava) 

Cassava V Cr Mn Fe Co Ni Cu Ag Zn Cd Al Pb As Se 

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

C 1 0.701 ± 0.02 < 0.001 
0.003 ± 
0.001 

35.81 ± 
0.056 

< 
0.001 

0.02 ±  0.005 1.63 ±  0.05 
< 

0.001 
6.466 ±  
0.025 

<0.00
1 

55.21 ± 
1.077 

0.164 ±  
0.031 

0.615 ± 
0.011 

0.848 ± 
0.024 

C 2 0.518 ± 0.012 0.02 ± 0.002 
0.052 ±  
0.005 

41.09 ± 
0.042 

< 
0.001 

0.05 ± 0.002 
3.99 ± 
0.021 

< 
0.001 

9.011 ± 
0.025 

< 
0.001 

46.09 ± 
0.051 

0.315 ± 
0.017 

0.523 ± 
0.006 

0.619  ± 
0.032 

C 3 
0.954  ± 

0.051 
0.016   ± 

0.042 
0.019  ±  

0.006 
39.87  ±  

0.019 
< 

0.001 
0.018  ±  

0.007 
3.01  ±  

0.03 
< 

0.001 
7.011  ±  

0.016 
< 

0.001 
51.99  ±  

0.215 
0.092  ±  

0.008 
0.37 1 ±  

0.009 
0.314  ±  

0.015 

Mean 
0.724   ±  

0.033 
0.012  ± 

0.002 
0.025   ± 

0.004 
38.71  ±  

0.04 
< 

0.001 
0.029  ±  

0.005 
2.88  ±  
0.035 

< 
0.001 

7.469   ± 
0.022 

< 
0.001 

51.10  ±  
0.45 

0.19   ±  0.02 0.503  ± 0.01 
0.594  ±  

0.025 

Permissible 

Limits in crops 5.0 5.0 10.0 100.0 0.01 10.0 20.0 NA 100.0 < 0.1 10.0 9.0 < 0.1 < 0.1 

( SEPA, 2005 

FAO/WHO, 
2011 ) 

NA     =     not available 

The results of the heavy metals were in the following order during the dry season ; Al > Fe > Zn > Mn > Cu > Cr > Pb > Ni > As >  Co > V > Ag , Cd . 

Table 4: Contamination Factor of Soils (CF) during rainy season 

V Cr Mn Fe Co Ni Cu Zn Al Pb As 

CF 0.000057 0.169 0.012 0.248 0.001 0.124 0.122 0.282 0.061 0.224 1.089 

PLI 0.047 
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Table 5: Contamination Factor of  Soils ( CF ) during dry season 

V Cr Mn Fe Co Ni Cu Zn Al Pb As 

CF 0.00017 0.150 0.009 0.213 0.003 0.099 0.117 0.234 0.053 0.134 0.829 

PLI 0.048 

Figure 2: Contamination Factor of Soils in  Utaewa  Dumpsite during rainy season 

Figure 3: Contamination Factor of Soils in Utaewa  Dumpsite during dry season 

3.5  Transfer Factor (TF) of heavy metals in Manihot esculenta  

The transfer factor (TF) of heavy metals in Manihot esculenta from Utaewa 
dumpsite is presented in Table 6.  Transfer factors for all the metals were 
less than one, except vanadium which had a value of 144.8, during the 

rainy season.  Comparatively, the transfer factors  of heavy metals 
during the dry season were less than one, except vanadium which had a 
value of 48.28, indicating the enhanced transfer of vanadium from soil to 
the Manihot esculenta in both seasons (Figure 4) 

Table 6: Transfer Factor (Accumulation Factor) of heavy metals in Manihot esculenta 

V Cr Mn Fe Co Ni Cu Zn Al Pb As 

TF ( R) 144.8 0.003 0.004 0.011 0.1 0.016 0.78 0.44 0.012 0.057 0.308 

TF ( D) 48.28 0.004 0.005 0.013 0.05 0.02 0.82 0.53 0.013 0.094 0.405 
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Figure 4: Transfer factor of heavy metals in Manihot esculenta 

4. DISCUSSION

In the soils of the Utaewa dumpsite sampled during the rainy season, 
heavy metals, such as As, Pb , Al, Fe exceeded their respective maximum  
permissible limits in soils (WHO, 2016).  The same trend was observed 
during the dry season, with these metals, As, Pb, Al, and Fe, exceeding their 
respective maximum permissible limits in soils.  However, in the same 
soils in both the rainy and dry seasons, Co, Ag and Cd were below the 
detection limits of less than 0.001mg/kg. All other heavy metals namely, 
V, Cr , Mn, Ni, Cu, and Zn , in both rainy and dry seasons were below their  
maximum permissible limits in soils. 

In a similar study of metal contaminations in Luoyang, Booji, and Spain 
Urban soils that receive industrial wastes , contaminations with Pb, As, 
was reported as a serious health concern, due to enhanced concentrations 
that exceeded the maximum permissible limits in soils,  which is 
comparable to the contaminations of Pb and As in this study (Chao et al., 
2014;  Zang et al., 2011).  

Heavy metals concentrations determined in Manihot esculenta tubers 
harvested from Utaewa dumpsite had As, Se and Al  values (Table 3), which 
exceeded  the permissible limits in crops according to the FAO/WHO 
regulations (SEPA, 2005; FAO/WHO, 2011). Other metals, Vanadium, 
chromium, manganese, iron, nickel, copper and zinc determined in the 
crop were below their respective  permissible limits in crops (Emurotu 
and Onianwa, 2017). However, cadmium, cobalt and silver were below the 
detection limits and seem to pose no health concern to humans through 
the food chain.  In a similar study of metal contaminations of some crops, 
including cassava, in Kogi , Nigeria, all the heavy metals studied, such as 
lead, cadmium , arsenic , iron, copper, zinc, nickel and manganese  were 
below the permissible limits in crops , except in cassava and maize , in 
which nickel metal had a significant higher value (Emurotu and Onianwa, 
2017). 

The transfer factors (TF) of metals into crops are shown in Table 6.  
Transfer factor observed for determined metals were V (48.28 – 144.8), 
Co (0.05– 0.1), Cu (0.78– 0.82), Ni (0.016 –0.021), Pb (0.057–0.094), Zn 
(0.44– 0.53), Cr (0.003 – 0.004), Mn (0.004 – 0.005), Fe (0.011 – 0.013), Al 
(0.012 - 0.013) and As (0.308 – 0.405). The sequence of TF for these metals 
in Manihot esculenta food crop determined is V > Cu > Zn > As > Pb > Ni > 
Co > Al > Fe > Mn > Cr. The order of transfer factors indicates that 
vanadium was the most bio-available and chromium was the least of the 
bio-available.  

A group researcher have reported that organic carbon content and pH are 
soil parameters having infuence on transfer factor of metals from soil to 
crop, with the net influence of decreasing or increasing metal mobility (Xu 
et al., 2013). Their study further reported of significant correlation 
between TF of Cd and clay content.  According to the study, positive 
correlations were observed among soil Ni, Cd, Co and Cu., in which 
significant negative correlation was established between Pb and pH, 
whereas with organic carbon it was positive. A group researcher also 
reported similar correlation result, whereby total organic carbon showed 
positive correlation with Ni, Cd and Cu and negative correlation with Pb 
and Co (Ying et al., 2014). Metal -soil parameters relationship has been 

reported to indicate binding nature of metal ions to organic substances 
and its absorption to soil particles (Mayuri et al., 2016). Numerous 
researches have revealed the exposure of humans to heavy metals via the 
food chain and has been well documented (Hu et al., 2013; Huang et al., 
2014; Oliver, 1997). 

The pollution load index (PLI) calculated (Table 4) was 0.047 during the 
rainy season and 0.048 during the dry season (Table 5), which indicated 
no pollution to baseline pollutant level in the soils of the study area and 
falls within the category of PLI of zero, which is excellence with no metal 
pollutant contamination. Thus, the seasonal variation was not significant 
(P < 0.05). The PLI calculated in this study are comparatively higher than 
the values reported in agro soils of Ikot Abasi, Nigeria (Etesin et al., 2023). 
The higher PLI values in this study could be attributed to metal 
enrichments from industrial wastes and urban wastes from the study area, 
play host to many industrial facilities. 

5. CONCLUSION 

Heavy metals (Cr, Fe, V, Ni, Cu, Zn, As, Al, Mn, Cd, Pb) were determined in 
the surface (0 – 15 cm) and sub-surface soils (15 – 30 cm) from Utaewa 
dumpsite in Ikot Abasi LGA of Akwa Ibom State, Nigeria,  during the dry 
and wet seasons. The mean concentrations of heavy metals during the dry 
and rainy seasons were in the order: Al > Fe > Zn > Mn > Cu > Cr > Pb > Ni 
> As >  Co > V > Ag , Cd. There was no significant variation of metal 
concentrations in the dry and rainy seasons (P < 0.05) in the study area . 
However, there was significant (P < 0.05 ) spatial variations of  heavy 
metal concentrations in the study area with different metals and locations.

To investigate the contamination degree, ecological risk, and human 
health risk of heavy metals in the soil of the study area, contamination 
factor (CF), pollution load index (PLI) and transfer factor (TF) were 
determined based on the data obtained from the soil  and crop analyses. 
The results of heavy metals in the soils from Utaewa dumpsite showed that 
the degree of heavy metals contamination decreased in the following 
order of contamination factor during the rainy season :  As > Zn > Fe > Pb 
> Cr > Ni > Cu > Al > Mn > Co > V . Comparatively, the results of heavy 
metals in the soils from Utaewa dumpsite showed that the degree of heavy 
metals contamination decreased in the following order of contamination 
factor during the dry season :  As > Zn > Fe > Cr > Pb > Cu > Ni > Al > Mn > 
Co > V. There was an enhanced concentration of Cu durng the dry season. 
In both seasons arsenic had the highest  contamination factor (0.829 – 
1.089), with the possibility of its toxicity to humans,  thus raising a serious 
health concern in the study area. 

Transfer factor of heavy metals from soil to food crop studied indicated 
vanadium as having the highest values (44.48 – 144.8), followed by copper 
(0.78 – 0.82) and arsenic (0.308 – 0.405), with the high rate of passing the 
metals through the food chain to humans due to bioavailability of the 
metals. 

RECOMMENDATIONS 

The physicochemical characteristics of the soils in the study area were not 
tested in this study, as such there is a strong recommendation for the 
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physicochemical properties of the dumpsite to be studied, due to a strong 
influence of soil types, porosity, density, conductivity, total organic carbon 
on the bioavalability of heavy metals. Though, the study indicated that 
most metals determined like Cr, Cd, Mn Fe , Co, and Ni  were below the 
maximum permissible limits,  there is gradual build up of Cu, Pb , As and  
Zn , which requires close monitoring. 

Therefore, there is a strong recommendation for constant monitoring of 
the levels of these heavy metals, in order to have a red alert once the toxic 
level is reached. Average concentration of determined metals (Pb, Cu, Zn , 
V , Ni, Fe , Mn, Cr and Cd) in food crop ( Manihot esculenta ) did not exceed 
permissible limits except the mean concentration of  Arsenic . In this study 
only one food crop was studied, which does not give a general picture of 
heavy metal contamination, therefore, there is a strong recommendation 
for other food crops like pumkin, cucumber, maize and okra prevalent in 
the study area to be determined in subsequent study. 

FUNDING  

The authors declare that no funds, grants, or other support were received 
during the preparation of this manuscript 

AUTHOR CONTRIBUTIONS  

All authors contributed to the study conception and design. Material 
preparation, data collection and analysis were performed by Etesin, Usoro 
Monday and Benson, Emediong Abasiama. The first draft of the 
manuscript was written by Etesin, Usoro Monday and all authors 
commented on previous versions of the manuscript. All authors read and 
approved the final manuscript. 

REFERENCES 

Ahmed, M.K., Shaheen, N., Islam, M.S., Habibullah-al-Mamum, M., Islam, S., 
Mohiduzzaman, M., Bhattacharjee. 2015. Dietary intake of trace 
elements from highly consumed cultured fish (Labeo rohita, Pangasius 
pangasius and Oreochromis mossambicus) and human health risk 
implications in Bangladesh. Chemosphere, 128, Pp. 284-292. 

Akankpo, A.O., Igbokwe, M.U., 2011. Monitoring Ground-water 
contamination using surface electrical resistivity and geochemical 
methods. Journals of water resources prof, 3 (5), Pp. 318-324.  

Aladesanmi, O.T., Adeniyi, I.F., Adesiyan, I.M., 2014. Comparative 
assessment and source identification of heavy metals is elected 
fishpond water, sediment  and fish tissues/organs in Osun 

State,  Nigeria. Journal of Health Pollution, 4 (7), Pp. 42-53. 
https://doi.org/10.5696/2156-9614-4-7.42 

Ali, M.M., Ali, M.L., Islam, M.S., and Rahman, M.Z., 2016. Preliminary 
assessment of haevy  metals in water and sediment of 
Karnaphuli  River, Bangladesh. Environmental Nanotechnology, 
Monitoring and Management, 5, Pp. 27 - 35. 

Aljahdali, M.O., and Alhassan, A.B., 2020. Ecological risk assessment of 
heavy metal contamination in mangrove habitats using biochemical 
markers and pollution indices: A case study of Avicennia marina L, in 
Rabigh Lagoon, Red Sea. Saudi Journal of Biological Sciences, 27, Pp. 
1174-1184. 

Al-Khashman, O.A., Shawabkeh, R.A., 2006. Metals distribution in soils 
around the cement factory in southern Jordan. Environ Pollut., 140, 
Pp. 387-394. 

Ansari, T.M., Marr, I.L., and Tariq, N., 2004. Heavy metals in marine 
pollution: A mini review. Journal of Applied Sciences, 4 (1), Pp. 1-20. 

APHA, AWCF, APHA. 2005. Standard methods for the examination of water 
and wastewater. American Public Health Association. 21st Edition. 
New York;  

APHA, AWCF, APHA., 2021. Standard methods for the examination of 
water and wastewater. American Public Health Association. 
Centenary Edition. New York; 

Ashraf, R., and Ali, T.A., 2007. Effect of heavy metals on soil microbial 
community and mung beans seed germination. Pakistan Journals of 
Botany, 39 (2), Pp. 629-636. 

Atting, I., Akpan I.., Umoh, G., and Bassey, E., 2019. Prevalence of common 
diseases in a perturbed wetland community of Okorombokho in the 

Niger Delta region, Nigeria. Journal of Quality Healthcare and 
Economics 2 (2).  

Barrera, T.G., and Ariza, J.L.G. (Eds), 2017. Environmental problems in 
marine biology: Methodological aspects and applications. CRC Press, 
Baca Raton. 

Benson, N.U., Anake, W.U., Essien, J.P., Enyong, P., and Olajire, A.A., 2016. 
Distribution and risk assessment of trace metals in Leptodius exarata, 
surface water and sediments from Douglas Greek in the  Qua Iboe 
estuary. Journal of Taibah University of Science.  Availableat 
www.sciencedirect.com 

Cachada, A., Pereira, M.E., Da Silva, E.F., Duarte, A.C., 2012. Sources of 
potentially toxic elements and organic pollutants in an urban  area 
subjected to an industrial impact. Environ. Monit. Assess, 184, 15–32.  

Chijioke, B.O., Ebong, I.B., and Henry, U., 2018. The impact of oil 
exploration and environmental degradation in the Niger Delta Region 
of Nigeria: A study of oil producing communities in Akwa Ibom State. 
Global Journal of Human Social Science (F) Political Science, 18 (3) ver 
1.0.      

Doulgeridou, A., Amlund, H., Sloth, J.J., and Hansen, M., 2020. Review of 
potentially toxic rare earth elements, thallium and tellurium in plant-
based foods. EFSA J. 18 (Suppl. 1). Emurotu ,J. E. and P. C. Onianwa  ( 
2017 ) Bioaccumulation of heavy metals in soil and selected food crops 
cultivated in Kogi State, north central Nigeria. Environ Syst Res., 6:21: 
1 – 9.  

Emurotu, J.E., and Onianwa, P.C., 2017. Bioaccumulation of heavy metals in 
soil and selected food crops cultivated in Kogi State, north central 
Nigeria.  Environmental System Research. 6 (21), Pp. 1 - 9. 

Enemugwem, J.H., 2009. Oil pollution and Eastern Obolo human ecology, 
1957-2007: African Research Review: International Multidisciplinary 
Journal, 3 (1), Pp. 136- 151. 

Etesin, U., Udoinyang, E., Harry, T., 2013. Seasonal variation of 
physicochemical parameters of water and sediments from Iko River, 
Nigeria. Journal of Environment and Earth Science, 3 (8), Pp. 96-110.  

Etesin, U.M., and Iniemem, J.I., 2021. Hydrochemical study of   shallow 
ground waters  in Ikot  Abasi Coastal Aquifer. Communication in 
Physical Sciences, 7 (3), Pp. 218-228. Nsukka, Nigeria 

Etesin, U.M., and Iniobong, J.O., 2023. Determination Of Heavy Metals and 
Environmental Health  Status of Agro Soils in Ikot Abasi, Niger Delta, 
Nigeria. Journal CleanWAS, 7 (2), Pp. 48-53. 

Etesin, U.M., Harry, T.A., and Isotuk, U.G., 2021. Assessment of the quality 
of water samples from private boreholes in Eket Local Government 
Area, Akwa Ibom State, Nigeria. Researchers Journal of Science and 
Technology (REJOST), 1, Pp. 72-88. 

Etesin, U.M., Ite, A.E., Harry, T.A., Bassey, C.E., Nsi, E.W., 2015. Assessment 
of cadmium and lead distribution in the outcrop Rocks of Abakaliki 
Anticlinorium in the southern Benue Trough, Nigeria. Journal of 
Environmental pollution and Human Health, 3 (3), Pp. 62 – 69. 

FAO/WHO, 2011. Joint FAO/WHO food standards programme codex 
committee on contaminants in foods ffth session. The Hague, The 
NetherlandsMarch 2011 

García, S.A., Contreras, F., Adams, M.Y., Santos, F.F., 2008. Mercury 
contamination of surface water and fish in a gold mining region 
(Cuyuni river basin,Venezuela). International Journal of 
Environmental Pollution, 33, Pp. 260–274.  

Giaccio, L., Cicchella, D., De Vivo, B., Lombardi, G., De Rosa, M., 2012. Does 
heavy metals pollution affects semen quality in men? A case of study 
in the metropolitan area of Naples (Italy) J. Geochem. Explor., 112, Pp. 
218–225. 

He, Z., Shentu, J., Yang, X., Baligar, V.C., Zhang, T., Stoffella, P.J., 2015. Heavy 
Metal Contamination of Soils: Sources, Indicators, and Assessment. J. 
Environ. Indic., 9, Pp. 17–18. 

Hinojosa, M.B., Carreira, J.A., Ruız, R.G., and Dick R.P., 2004. Soil moisture 
pre-treatment effects on enzyme activities as indicators of heavy 
metal contaminated and reclaimed soils. Soil Biology and 
Biochemistry, 36, Pp. 1559–1568. 

https://doi.org/10.5696/2156-9614-4-7.42
http://www.sciencedirect.com/


Environmental Contaminants Reviews (ECR) 7(2) (2024) 108-117 

Cite The Article: Etesin Usoro M., Benson Emediong A (2024). Health Risk Assessment Of Heavy Metals Contamination Of Soils And Manihot 
Esculenta In Utaewa Dumpsite, Ikot Abasi, Nigeria. Environmental Contaminants Reviews, 7(2): 108-117.

Hu, W.Y., Huang, B., Shi, X.Z., Chen, W.P., Zhao, Y.C., Jiao, W.T., 2013. 
Accumulation and health risk of heavy metals in a plot-scale vegetable 
production system in a pen-urban vegetable farm near Nanjing, China. 
Ecotoxicol Environ Saf., 98, Pp. 303–309. 

Huang, Y., Chen, Q., Deng, M., Japenga, J., Li, T., Yang, X., He, Z., 2014. Heavy 
metal pollution and health risk assessment of agricultural soils in a 
typical peri-urban area in southeast China. J. Environ. Manag., 207, Pp. 
159–168. 

Jordao, C.P., Nascentes, C.C., Cecon, P.R., Fontes, R.L.F., and Pereira, J.L., 
2006. Heavy metal availability in soil amended with composted urban 
solid wastes. Environmental Monitoring and Assessment, 112, Pp. 
309–326.  

Kumar, S.P.J., 2013. Interpretation of ground water chemistry using Piper 
and Chadha diagrams. A comparative study from Perambalur Talnk. 
Elixir Geosciences, 54, Pp. 12208 – 12211.  

Lavenir, N.M.J., Junior, E.E.M., and Monesperance, M.M., 2020. Assessment 
of vanadium in Stream Sediments from River Mbete, Loum Area (Pan-
African Fold Belt, Cameroon): Implications for vanadium exploration. 
International Journal of innovative Science and Research Technology, 
5 (1). 

Liu, D., Wang, J., Yu, H., Gao, H., and Xu, W., 2021. Evaluating  ecological 
risks and tracking potential factors influencing heavy metals in 
sediments in an urban river. Environ. Science Europe, 33 (42). 

Lv, J., Liu, Y., Zhang, Z., Zhou, R., Zhu, Y., 2015. Distinguishing anthropogenic 
and natural sources of trace elements in soils undergoing recent 10-
year rapid urbanization: A case of  Donggang, Eastern China. Environ. 
Sci. Pollut. Res. Int., 22, Pp. 10539–10550.  

Lwin, C.S., Seo, B.H., Kim, H.U., Owens, G., Kim, K.R., 2018. Application of 
soil amendments to contaminated soils for heavy metal 
immobilization and improved soil quality—A critical review. Soil Sci. 
Plant Nutr., 64, Pp. 156–167.  

Magnus, U.I., Efurumibe, E.L., Akaninyene, O.A., 2012. Determination of 
aquifer characteristics in Eket, Akwa Ibom State, Nigeria, using the 
vertical electrical sounding method. International Journal of Water 
Resources and Engineering, 4 (1), Pp. 1– 7.  

Maher, W.A., Taylor, A.M., Batley, G.E., and Simpson, S.L., 2016. Bio-
accumulation. In: Simpson, S.L., and Batley, G.E. (Eds). Sediment 
quality assessment: a practical guide, 2nd ed. CSIRO Publishing, 
Australia, Pp. 123-156. 

Martínez-Graña, A.M., Goy, J.L., De Bustamante, I., Zazo, C., 2014. 
Characterisation of environmental impact on resources, using 
strategic assessment of environmental impact  and management of 
natural spaces of “Las Batuecas-Sierra de Francia” and 
“Quilamas”Salamanca, Spain) Environ. Earth Sci., 71, Pp. 39–51. doi: 
10.1007/s12665-013-2692-5. 

Mayuri, C., Amit, M., Arvind, K.N., Sanjay, K.G., Rajendra, K.K., 2016. Heavy 
metal contamination in vegetables grown around periurban and 
urban-industrial clusters in Ghaziabad, India. Hum Ecol Risk Assess., 
22 (3), Pp. 736–752. 

Morais, S., Costa, F.G., and Pereira, M.L., 2014. Heavy metals and Human 
Health. In: Oosthuizen, J. (Ed). Environmental health - Emerging issues 
and Practice. IntechOpen. doi:10.5772/29869  

Naggar, Y.A., Khalil, M.S., and Gharab, M.A., 2018. Environmental Pollution 
by heavy metals in the aquatic ecosystem of Egypt. Open Access 
journal of Toxicology (Review article), 3 (1). Doi: 10.1980/OAJT. 2018. 
03.555603 

Nuralykyzy, B., Wang, P., Deng, X., An, S., Huang, Y., 2021. Heavy Metal 
Contents and Assessment of Soil Contamination in Different Land-Use 
Types in the Qaidam Basin Sustenabilty, 13, Pp. 12020.  
https://doi.org/10.3390/ 

Nuralykyzy, B., Wang, P., Deng, X., An, S., Huang, Y., 2021. Heavy 
Metal Contents and  Assessment of Soil Contamination in 

Different LandUse Types in the Qaidam Basin.  Sustainability, 13, 
Pp. 12020. https://doi.org/10.3390/ su132112020  

Oliver, M.A., 1997. Soil and human health: a review. Eur J Soil Sci., 48, Pp. 
573–592. 

Olujide, M.G., 2006. Perceived effects of Oil spillage on the livelihood 
activities of women in Eastern Obolo Local Government Area of  Akwa 
Ibom State.  Journal of Human Ecology 19 (4), Pp. 259 – 266.   

Onjefu, S.A., Anna, K.N., and Halahala, T.S., 2016. Heavy metal Seasonal 
distribution in shore sediment samples along the coastline of Erongo 
Region, West Namibia. European Journal of Scientific Research, 139 
(1) 

Onjefu, S.A., Shaningwa, F., Lusilao, J., Abah, J., Hess, E., and Kwaambwa, 
H.M., 2020. Assessment of heavy metals pollution in sediment at the 
Omaruru River basin in Erongo region, Namibia. Environmental 
Pollutants and Bioavailability, 32 (1), Pp. 187-193. 

Onuoha, S.C., 2017. Assessment of metal contamination in aquaculture fish 
ponds south eastern, Nigeria. World Applied Sciences Journal, 35 (1), 
Pp. 124-127. https://doi.org/10.5829/idosi.wasj..124.127 

Pandey, B., Agrawal, M., Singh, S., 2015. Ecological risk assessment of soil 
contamination by trace elements around coal mining area. Journal of 
soil sediments, 16, Pp. 159–168. 

SEPA (State Environmental Protection Administration) of China. 2005. 
Environmental Yearbook. China Environmental Sciences Press, 
Beijing  

Shiraishi, K., McInroy, J.F., and Igarashi, Y., 1990. Simultaneous 
Multielement Analysis of Diet Samples by Inductively Coupled Plasma 
Mass Spectrometry and Inductively Coupled Plasma Atomic Emission 
Spectrometry. J. Nutr. Sci. Vitaminol., 36, Pp. 81-86. 

Sobha, K., Poornima, A., Harini, P., and Veeraiah, K., 2007. A study on 
biochemical changes in the fresh water fish, catla catla (hamilton) 
exposed to the heavy metal toxicant  cadmium chloride. Kathmandu 
University Journal of Science, Engineering and Technology, 1 (4), Pp. 
1-11.

Speira, T.W., Kettlesb, H.A., Percivalc, H.J., and Parshotam, A., 1999. Is soil 
acidification the cause of biochemical responses when soils are 
amended with heavy metal salts? Soil Biology and Biochemistry, 31, 
Pp. 1953-1961. 

Tchobonoglous, G., Burton, F.L., and Stensel, H.D., 2004. Wastewater 
engineering, treatment and reuse 4th ed. McGraw Hill, Boston. 

Tuo, A.D., Soro, M.B., Trokourey, A., and Bora, Y., 2019. Bioaccumulation of 
trace metals in oyster (Crassostrea gasar) from the Milliaridaires Bay 
(Ebrie lagoon, Cote d’Ivoire). J. Chem. Bio. Phy. Sci. Sec. B., 10 (1), Pp. 
012-020. 

Udoh, J., Ukpatu, J., and Otoh, A., 2013. Spatial variation of physicochemical 
parameters of Eastern Obolo estuary, Nigeria Delta, Nigeria. Journal of 
Environment and Earth Science, 3 (12), Pp. 161-171.  

Ukpong, E., Nsi, E., Etesin, U., Ekanem, A., Ikpe, E., Nyoyoko, I., 2017. 
Assessment of water quality from bore holes in Ikot Akpaden and 
some surrounding villages of Mkpat Enin Local Government Area of 
Akwa Ibom Sate, Nigeria. Chemistry and Material Research, 9 (2), Pp. 
24-29 

United States Environmental Protection Agency, 2022. Recent 
Developments for In Situ Treatment of Metal Contaminated Soils. 
https://www.epa.gov/remedytech/recentdevelopments- situ-
treatment- metal contaminated soils  

US EPA, 2007. Framework for metals assessment. EPA 120/R-07/001, 
March. United States Environmental Protection Agency, office of the 
Science Advisor Risk Assessment Forum. Washington DC. 20460 

US EPA, 2013. A review of health impact assessment in the U. S.: Current-
state-of-Science, best practices, and areas for improvement. United 
States Environmental Protection Agency, Washington, DC. 
EPA/600/R-13/354 

US EPA, 2023. EPA Expobox: Exposure assessment tools by media - aquatic 
biota. United States Environ Protection Agency. 

Weissmannova, H.D., Mihocova, S., Chovanec, P., and Pavlovsky, J., 2019. 
Potential ecological risk and human health risk assessment of heavy 
metals pollution in industrial affected soils by coal mining and 
metallurgy in Ostrava, Czech Republic. Int. J. Environ. Res. Public 
Health, 16 (22), Pp. 4495. 

https://doi.org/10.3390/
https://doi.org/10.5829/idosi.wasj..124.127
https://www.epa.gov/remedytech/recentdevelopments-situ-treatment-
https://www.epa.gov/remedytech/recentdevelopments-situ-treatment-


Environmental Contaminants Reviews (ECR) 7(2) (2024) 108-117 

Cite The Article: Etesin Usoro M., Benson Emediong A (2024). Health Risk Assessment Of Heavy Metals Contamination Of Soils And Manihot 
Esculenta In Utaewa Dumpsite, Ikot Abasi, Nigeria. Environmental Contaminants Reviews, 7(2): 108-117.

WHO (World Health Organisation), 2010. Human health risk assessment 
toolkits: Chemical Hazard: WHO/IPCS Harmonization project 
document, Pp. 8. 

Xu, D.C., Zhou, P., Zhan, J., Gao, Y., Dou, C.M., Sun, Q.Y., 2013. Assessment of 
trace metal bioavailability in garden soils and health risks via 
consumption of vegetables in the vicinity of Tongling mining area, 
China. Ecotoxicol Environ Saf., 90, Pp. 103–11. 

Yang, Z., Lu, W., Long, Y., Bao, X., Yang, Q., 2011. Assessment of heavy 
metals contamination in urban topsoil from Changchun City, China. 
Journal of  Geochemical Exploration, 108, Pp. 27-38. 

Yao, H., Xu, J., and Huang, C., 2003.  Substrate utilization pattern, biomass 
and activity  of microbial communities in a sequence of heavy 
metal polluted paddy soils.  Geoderma, 115, Pp. 139– 148. 

Ying, C., Pingping, W., Yufang, S., Yibin, Y., 2014. Health risk assessment of 
heavy metals. Sci. Agric., 71 (2), Pp. 126–132. 




