



Contamination indices and Ecological risk Assessment of Trace metals in soil from selected dumpsites in Uyo metropolis, Nigeria
Abstract
The contamination indices and ecological risk assessment of trace metals in soil from five different dumpsites in Uyo metropolis and their control site was assessed using models stipulated by Hakanson (1980) while the mean concentrations of some trace metals in soil from the investigated dumpsites were determines using Flame atomic absorption spectrophotometer.  The range for the result of trace metals in soil from the study locations in both seasons were as follows: Lead (Pb) (0.160-7.336), Cadmium (0.096-21.098), Zinc (Zn) (0.311-50.090), Iron (Fe) (0.100-62.150), Copper (Cu) (0.279-79.490). All the concentrations were reported in mg/kg. The range for the contamination indices in both seasons were as follows: Contamination factor (CF), (0.528-29.520), Degree of contamination (CD), (5.733-73.410), Pollution load index (PLI), (1.141-7.999), Enrichment factor (EF), (0.215-4.928). The risk grading for the ecological risk index (ERI) and potential ecological risk index (PERI) was from low ecological risk to high ecological risk. The result for the dry season was significantly higher than the result for the wet season (P < 0.05) and the concentrations in the dumpsite were also higher than the concentration from the control sites. The concentrations of all the investigated metals in both seasons were lower than the WHO and EU limit except Cadmium and Cu for at Idoro and Mbak Etoi dumpsites in the dry season. The pollution Load index (PLI) value for all the dumpsites were greater than one for both seasons indicating progressive deterioration of soil from the dumpsites.  The contribution of Lead and Cadmium to the contamination factor and the degree of contamination was higher than Cu, Fe and Zn. The degree of contamination for most of the dumpsites indicated high degree of contamination for most of the sites in both wet and dry seasons. The enrichment factor revealed that Cd and Pb from Idoro and Ifa Atai in the wet season and Zn, Cu at Ifa Atai were from anthropogenic sources while in the dry season; Cu, Cd, Fe and Zn were mostly from crustal sources except Pb at Idoro road and Ifa Atai village dumpsites. The result for ERI and PERI reveals that Cd and Pb were major contributors to the ecological risk of the soil ecosystem. Due to human health concern, dumping of municipal wastes at open waste dumpsites closed to agricultural farmland should be discouraged.
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Introduction
 Rapid population growth, urbanisation and improper waste management practices have resulted in increased amounts of trace metals in soil above the natural threshold. In open and abandoned waste dumpsites, high levels of trace metals are recorded compared to nearby farmlands or control sites (Ukpong et al., 2013). This variation is caused by high input of metal-laden domestic and municipal waste such as nickel-cadmium batteries, electronic wastes and industrial by-products. Other sources of trace metal contamination in soil include leaching and decomposition of metal scraps, waste incineration and agricultural practices. Open dumpsites habour
 rodents and mites, emit repulsive and offensive odours, generate methane and windblown litters, especially when the dumpsites are located close to a major market. 
In Nigeria, solid waste and municipal waste are disposed in landfills, unused agricultural soils, ravines and gullies created by erosion. These metals can be transmitted to water resources, plants and the atmosphere through diffusive means
. At dumpsites, organic and inorganic wastes mix with water and form leachates which, through
 the soil profile, thereby contaminating the ecosystem including underground water. Polluted leachates affect underground and surface water through percolation or by water flow runoff (Essien and Hanson, 2013; Awaka-Ama et al., 2024). 

Leachates arising
 from dumpsites are major sources of metal pollution in water and soil environments. Leachates from dumpsites can transfer trace metals 
to plants through run-offs and root uptake, contributing to the contamination of the environment and posing human health risks. Inadequate
 disposal of metal-laden waste on agricultural land can affect soil structure, plant growth and accumulate
 trace metals in edible vegetables which can be transferred to man through the food chain after possible translocation, bioaccumulation and biomagnifications (Etuk et al., 2020a). The consumption of these vegetables harvested from dumpsites has been linked with mutagenic, hemorrhagic and physical disorders in humans and animals (Essien and Hanson, 2013). 

Essential trace metals such as copper, zinc and iron are required as micronutrients for biochemical processes and as co-enzymes in plants, while non-essential metals such as lead, cadmium and arsenic are toxic even at very low concentrations, thereby affecting plant growth and human health (Etuk, 2016; Akpakpan, et al., 2012; Etuk et al., 2020b).  
Trace metals in soil above the natural limit can affect some physico-chemical parameters of soil such as pH, cation exchange capacity, reduce organic matter content, thereby disrupting plant nutrient availability and the yield of crops (Pendias and Mukherjee, 2002).  Alloway (2013) reported that copper and lead can bind with humic substances in soil and reduce their bioavailability, while the presence of organic acid can increase the mobility of metals such as zinc and nickel. 

Inorganic pollutants such as toxic metals are non-thermodegradable and non-biodegradable (Akpakpan et al., 2023), and they persist in soil forming chelates with organic matter. Generally high levels of metals in soil from open and abandoned waste dumpsites affect agricultural soil, groundwater and surface water causing contamination (Nsi et al., 2020; Yawo et al., 2025) and possible ecological risk on benthic organisms (Wuana and Okieimen, 2011). Polluted soils affect human health by direct contact or inhaling airborne dust and consumption of edible plants harvested from these dumpsites.
Several authors have researched on the level of some trace metals in dumpsites at Uyo (Essien and Hanson, 2013; Ebong et al., 2015; Ogbemedia and Mbong, 2013) and seasonal variation of the metal (Tommy et al., 2021). Few authors have worked on the contamination indices of these metals from dumpsites in Uyo (Ebong et al., 2021).

Apart from the analysis of the metals in soil from the dumpsites and the control site for both the dry and wet seasons. This study seeks to add to the gap in knowledge and scanty information on the contamination indices and ecological risk assessment of trace metals in soil from selected dumpsites in Uyo metropolis in both the dry and wet season.

Methodology 
Description of study area 
The study was conducted in Uyo, the capital city of Akwa Ibom State, Nigeria. The population of the city was reported as 305,961 twenty years ago (TWG, 2007). The geographical positioning system (GPS) of the city is 7o 49’ to 8o 031’north with longitude of 4o 52’ to 5o 08’ East. The temperature ranges in Uyo metropolis ranges between 27oC to 32oC with relative humidity that ranges from 70% to 80%. Its mean rainfall is between 2900mm to 3000mm (AKSEPA, 1999). The city has two distinct seasons, namely; dry and wet seasons.The dry season usually starts in November and ends in March while the wet season usually starts in April and end in October. The waste dumpsites and control sites under study are located at Idoro road, Mbak Etoi, Ikot Abasi street, Ifa Atai and Nung Oku.  Farmland (200m) far away from each dumpsite were used as control site.
List 1 : The GPS of sampling locations

	S/N
	Sampling Site
	Longitude
	Latitude

	SP1
	Idoro Road
	70.915” 77    
	50.038” 68

	SP2
	Mbak Etoi
	70.97” 42    
	40.329” 299

	SP3
	Ifa Atai
	70.915” 77    
	40.967” 78

	SP4
	Ikot  Abasi Street
	70.915” 77    
	50.014” 26

	SP5
	Nung Oku
	70.94” 58    
	50.001” 35


Explanation of Sampling Points (SPs)
The coordinates listed represent five strategically selected sampling points (SP 1–SP 5) used to assess waste pollution activities within the study area as shown in the map above. Each sampling point corresponds to a specific geographic location where waste-related activities and their environmental impacts were observed and recorded. The use of multiple sampling points allows for spatial comparison and improves the reliability of the findings.
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Figure 1: Map of study area showing sample locations

Sample collection 
Soil samples were collected from the five waste dumpsites and sampling was done every two weeks for the month of June and July to represent the wet season and the month of November and December to represent the dry season using standard procedures. Four grab samples were
collected at each sampling site using acid cleaned Dutch auger at the soil depth of 0-15cm At each location, samples were collected from the north, south, east and west and was pooled together to form a composite sample for that site (Ebong, et al., 2015). The control sample was collected 200m from the investigated dumpsite.  The soil samples were packed in plastic bags, labelled appropriately and taken to laboratory for the analysis. 
Sample preparation 
The soil samples were air-dried, grinded and sieved through a 2.00mm mesh sieve. 1g of each sample was weighed into a digestion flask, followed by the addition of analytical grade acid, concentrated trioxonitrate (V) acid and hydrochloric acid in the ratio of 2:1. This was covered with watch glass. The flasks and the contents were placed in a standing position on an electric hot plate in a fume cupboard and gently heated to evaporate until the colour changed to white. The content was allowed to cool before leaching the residue with 5ml of 20% HNO3. The filtration was done using an acid filter paper, finally made up to 50ml with de-ionised water. A blank determination was also carried out with all reagents used for the digestion except the sample of interest. The aliquots were used for the determination of lead (Pb), Cadmium (Cd), Copper (Cu), Iron (Fe), Zinc (Zn), using a Unicam atomic absorption spectrophotometer, (AAS) model 939 (Udoh et al., 2009).

Contamination indices and ecological risk assessment models 
The contamination indices and ecological risk assessment of trace metals in soil will be calculated using models stipulated by the following authors Hakanson (1980); Rubio et al., (2000). 
Contamination factor 
This will be used to assess the relationship between metals in the dumpsite and the control site 

CF = 𝐶𝑜/𝐶𝑛
CF = contamination factor 

Co = Concentration of the metal in the soil from the dumpsite 

Cn = Concentration of the metals on the control site 

Hakanson (1980) classified CF values into four grades as follows; CF < 1 in class 1 with low CF, 1< CF < 3 in class 2 with moderate CF; 3 < CF < 6 under class 3 with considerable CF and Cf > 6 under class 4 as very high CF
Degree of contamination 
This is the sum of the contamination factors for all metals at a particular dumpsite or location. It will be used to estimate the overall contamination in the soil. 𝐶𝑑𝑒𝑔=Σ𝐶𝑓
Where CD is the degree of contamination 
Ahdy and Khaled (2009) classified CD in terms of four grades as follows: CD < 6 is class 1 which shows low CD,  6 < CD < 12 is class 2 which shows moderate CD, 12 < CD < 24 is class 3, it shows moderate CD and CD > 24 is class 4 with very high CD.
Enrichment factor 
This model will be used to identify the source of trace metals in soil from the dumpsite. 𝐸F=𝑀/𝐹𝑒𝑑𝑢𝑚𝑝𝑠𝑖𝑡𝑒/𝑀/𝐹𝑒𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖𝑡𝑒
M/Fe Dumpsite = The ratio of a metal and iron at the dumpsite 

M/Fe control = The ratio of a metal and iron at the control 

In this study Fe is used as the reference metal because it was the most abundant element with low occurrence variability in the area. Several authors have previously used Fe as the reference metal in their study. The classification of enrichment factor reported by Bashir et al. (2019) was adopted in this study; EF < 2 (No enrichment), EF 2-3 (minor enrichment), EF 3- 5 (Moderate enrichment), EF 5-10 (Moderately sever enrichment), EF 10-25  (Severe enrichment), EF 25-50 ( Very sever enrichment and EF > 50 ( Extremely sever enrichment). 

Pollution load index (PLI) 
This parameter will be used to compare the pollution loads between locations at different periods (Ekere et al., 2020). The PLI for a single site is the nth root of n number multiplying the contamination factor (CF)
𝑃𝐿𝐼= n√𝐶F1 𝑥𝐶F2 𝑥𝐶F3 𝑥……….𝐶F𝑛𝑛
Where PLI = pollution load index and CF is the contamination factor.

According to Mohiuddin et al (2010), PLI = 0 indicates a perfect state of pollution; PLI = 1 indicate baseline levels of pollution and PLI > 1 indicate progressive deterioration of sites. 

Ecological Risk index (ERI)
This index will be used to express the potential ecological risk for a particular metal at the dumpsite soil and the control soil. 

𝐸𝑟=𝑇𝑟𝑥𝐶F 

Where Tr = toxic –response factor for a particular metal. The toxic response factor for all the determined as reported by Hakanson (1980) are: Pb (5.00), Cd (30.00), Fe (1.00), Zn (1.00), Cu (5.00). 

CF = the contamination factor

ERI was classified as follows: low ecological risk (ERI < 40), moderate ecological risk ( 40 < ERI < 80), Appreciable ecological risk (160 <  ERI < 320), High contamination (ERI > 320). 
Potential Ecological Risk index (PERI): 
This parameter will be used to estimate the sum of the potential risk of individual metals. The environmental pollution status of the dump site will be graded based on the calculated ERI and PERI values.

𝑃𝐸𝑅𝐼= Σ𝐸𝑟
According to Hakanson (1980) PERI are classified as follows: (PERI < 150) Low ecological risk, (150 < PERI < 300) Moderate ecological risk, (300 < PERI < 600) High ecological risk and (PERI > 600) Significantly high ecological risk.

Statistical Analysis

The data obtained from the study were analyzed with SPSS software version 20 for windows. the independent t-test was used to compare the mean values obtained during the wet and dry seasons at P < 0.05.   Pearson correlation of different metals in soil samples was carried out to show the connection among the metals. 
3.0
RESULT AND DISCUSSION

The result for the mean concentration of some trace metals in soil from selected dumpsites in Uyo metropolis during the wet season and the dry seasons are presented in Table 1 and Table 2 below:

The concentrations of the trace metals in the dumpsites were higher than of the control in both wet and dry seasons. This observation is similar to the findings of other researchers (Ebong et al., 2015; Tommy et al., 2021; Bashir et al., 2019). Also the mean values for the dry season was significantly higher than that of the wet season (P < 0-05). This variation might be due to leaching and run-off by rain water. The range for the values in this study are lower than that reported by Ebong et al., 2015 and Shittu et al.( 2018). However, Tommy et al. (2021) recorded higher values for some dumpsites in Uyo metropolis. 

The values of all the investigated metals in this study were lower than the standards of Pb (85mg/kg), Cd (0.80mg/kg), Fe (425 mg/kg), Zn (50mg/kg), Cu (36mg/kg) stipulated by WHO  (1996) except cadmium in all the sites in both seasons and copper at idoro and Ifa Atai dumpsites  during the dry season. in the wet season, Cd was higher than the standard at all the sites except at Idoro dumpsite and control sites at Nung Oku, Ifa Atai and Mbak Etoi, Ebong et al (2015) also reported higher results for Cd compared to other metals at different waste impacted soil within Akwa  Ibom State including Uyo. sources of Cadmium in a dumpsite include nickel-cadmium batteries, electronic wastes, pigments, stabilizers and alloys, Aneze (2019) reported that acute and chronic Cd poisoning affect the bone, liver, kidney, vascular and immune systems. Cd is sever gastrointestinal and pulmonary irritant and its ingestion results in muscle cramp, vomiting and salivation (Basset, 1995; Akpakpan et al., 2024). The high level of Cd in soils from dumpsite in Nigeria was reported by other authors (Basir et al., 2019; Ebong et al., 2015).
Sources of copper in the waste dumpsite include copper laden waste such as electrical wires, electronic gadgets and automobile spare part. Copper plays an important role in biochemical processes such as synthesis of haemoglobin and collagen, but at elevated concentration in the dumpsites they can be taken up by plants and pass to humans through the food chain. copper toxicity includes skin discoloration, dermatitis and respiratory tract diseases in humans. (Khan et al., 2008).  
Table 1: Mean concentration of some trace metals in soil from selected dumpsites and control in Uyo metropolis during the wet season

	Location
	Pb
	Cd
	Zn
	Fe
	Cu

	Idoro (Dumpsite)
	2.568±0.010
	0.662±0.004
	1.184±0.03
	0.937±0.011
	0.468±0.005

	Idoro (Control)
	0.435±0.005
	0.096±0.003
	0.311±0.005
	0.466±0.015
	0.279±0.004

	Mbak  (Dumpsite)
	4.566±0.005
	3.684±0.015
	0.737±0.020
	2.688±0.005
	3.941±0.04

	Mbak (Control)
	0.363±0.004
	0.300±0.00
	0.647±0.010
	0.416±0.005
	1.334±0.003

	IFa Atai(Dumpsite)
	2.751±0.06
	1.148±0.05
	0.837±0.011
	2.775±0.03
	7.834±0.004

	Ifa Atai (Control)
	0.426±0.010
	0.10±0.000
	0.056±o.o66
	0.914±0.002
	0.711±0.003

	Ikot Abasi Street (Dumpsite)
	5.903±0.005
	3.627±0.016
	3.053±0.009
	2.010±0.001
	12.215±0.005

	Ikot Abasi Street(Control)
	2.175±0.011
	1.297±0.014
	0.552±0.011
	0.155±0.001
	2.01±0.006

	Nung Oku (Dumpsite)
	4.722±0.015
	1.515±0.012
	25.114±0.010
	0.655±0.005
	3.127±0.003

	NungOku (control)
	0.791±0.01
	0.983±0.004
	2.343±0.004
	0.100±0.000
	0.350±0.004

	EU Limit
	85
	0.80
	50
	--
	36

	WHO standard
	85
	0.80
	50
	425
	36


Table 2: Mean concentration of some trace metals in soil from selected dumpsites and control in Uyo metropolisduring the dry season

	Location
	Pb
	Cd
	Zn
	Fe
	Cu

	Idoro (Dumpsite)
	7.336±0.015
	3.204±0.003
	50.090±0.022
	62.150±0.011
	79.491±0.008

	Idoro (Control)
	0.610±0.008
	1.24±0.015
	17.070±0.009
	12.050±0.002
	15.410±0.021

	Mbak  (Dumpsite)
	11.286±0.003
	21.098±0.003
	34.065±0.002
	14.353±0.003
	17.261±0.040

	Mbak (Control)
	1.515±0.020
	2.251±0.001
	4.108±0.004
	1.923±0.002
	8.216±0.033

	IFa Atai(Dumpsite)
	1.832±0.045
	2.633±0.132
	11.610±0.016
	39.231±0.014
	55.071±0.034

	Ifa Atai (Control)
	0.160±0.080
	0.607±0.001
	21.979±0.018
	14.049±0.022
	24.051±0.029

	Ikot Abasi Street (Dumpsite)
	1.195±0.060
	1.643±0.006
	44.346±0.009
	41.642±0.061
	1.191±0.009

	Ikot Abasi Street(Control)
	1.075±0.060
	1.521±0.023
	40.350±0.011
	30.565±0.102
	1.100±0.001

	Nung Oku (Dumpsite)
	1.265±0.020
	1.805±0.007
	29.032±0.027
	45.876±0.037
	1.319±0.008

	NungOku (control)
	0.331±0.016
	1.080±0.014
	17.470±0.027
	27.665±0.020
	0.768±0.004

	WHO standard
	85
	0.800
	50.00
	……….
	36

	EU Limit
	85
	0.800
	50.00
	425
	36


 3.2
Contamination indices
Table 3 gives the result for the contamination factor, degree of contamination and pollution load index for the wet season while Table 4 gives the result for the contamination factor, degree of contamination and pollution load index during the dry season. The highest value for the contamination factor (CF) was recorded for Fe at Ikot Abasi street while the least value was recorded for Cd at Nung Oku street. Based on the classification of Hakanson (1980), soils at dumpsites during the wet season recorded high contaminationwith CF > 6 for Fe at Ikot Abasi street,(12.96), Pb and Cd at Mbak Etoi (CF= 12.6 and 12.00), Cd, Zn and Fe at Ifa (11.48,14.941 and 29.52), Cu at Ifa Atai and Nung Oku (CF= 11.01 and 8.934)respectively, and Zn at Nung Oku (10.71). For the dry seasons, the values of Pb for Idoro, Mbak Etoi and Ifa Atai were 12.026, 7.449 and 11.450, CF values > 6 was recorded for Cd, Zn and Fe at Mbak Etoi while other the contamination factor for sites ranged between low to moderate contamination.
High degree of contamination (CD) with values greater than 24 was observed for all the sites in the wet season except Idoro with considerable degree of contamination. In the dry season low to considerable degree of contamination was recorded for all the dumpsites apart from Mbak Etoi (CD =34). the range for the contamination factor and the degree of contamination in this study were higher than values reported by Nnaji and Chukwu( 2020) and Ebong et al (2021). The observed variation may be due to urban migration, population growth and the volume of waste disposed at the investigated dumpsites. the dumpsites at Ifa Atai and Mbak Etoi recorded the highest degree of contamination for both seasons because that part of Uyo metropolis is thickly populated.  According to Ebong et al. (2007) the difference in age (time of usage), size and location affects the contamination factor and degree of contamination of a dumpsite.
The PLIfor the dumpsite ranged from 3.494- 7.999 in the wet season and 1.141-6.188 for the dry season. Shittu et al (2018) reported values of 1.50-4.21 for the wet season and values of 7.98-12.00 for the dry season. The PLI values for all the investigated sites were greater than 1 suggesting that the trace metals input in the dumpsites might be from man-made sources. According to Mohiuddin et al (2016), PLI =1 indicates baseline level of pollution while PLI > 1 indicate progressive deterioration of sites.Tomilson et al. (1980) reported that PLI provides information about the quality of a component of the environment like soil and water and indicate the possible trend in this environmental matrix over time and area. Ekere et al. (2020), confirmed that PLI gives a composite value to ascertain the overall pollution status of the soil environment. In this study, the trend for the pollution status of the investigated dumpsite during the wet season was Ifa Atai > Nung Oku > Ikot Abasi > Mbak Etoi > Idoro while the trend for the pollution status during the dry season was Mbak Etoi >Idoro > Ifa Atai > Nung Oku > Ikot Abasi Street.  Pollution load index and GIS technique was used in modeling of some trace metals in water, sediment and Lutjanus dentatus from Qua Iboe River Estuary, South-South Nigeria (Etuk et al., 2017).
Table 3: Contamination factor, degree of contamination (CD) and pollution load index(PLI) of trace metals insoil from the investigated dumpsites in the wet season
	Location
	Pb
	Cd
	Zn
	Fe
	Cu
	CD
	PLI

	Idoro
	5.89
	6.89
	3.81
	2.01
	1.67
	20.27
	3.49

	Mbak Etoi
	12.60
	12.00
	1.13
	6.46
	2.95
	35.15
	5.05

	Ifa Atai
	6.47
	11.48
	14.94
	29.52
	11.01
	73.41
	7.99

	Ikot Abasi
	2.71
	2.83
	5.53
	12.96
	6.07
	30.12
	5.07

	Nung Oku
	5.96
	1.54
	10.71
	6.55
	8.93
	33.70
	5.15


Table 4: Contamination factor, degree of contamination (CD) and pollution load index(PLI) of trace metals in     soil from the investigated dumpsites in the dry season
	Location
	Pb
	Cd
	Zn
	Fe
	Cu
	CD
	PLI

	Idoro
	12.06
	2.58
	2.93
	5.15
	5.15
	27.84
	4.74

	Mbak Etoi
	7.44
	9.37
	8.29
	7.46
	2.10
	34.67
	6.18

	Ifa Atai
	11.45
	4.34
	0.52
	2.79
	2.28
	21.40
	2.78

	Ikot Abasi
	1.11
	1.08
	1.09
	1.36
	1.08
	5.73
	1.14

	Nung Oku
	3.82
	1.67
	1.661
	1.65
	1.71
	10.52
	1.92


Table 5: Enrichment factor (EF) of trace metals in soil from the investigated dumpsites during the wet  season
	Location
	Pb
	Cd
	Zn
	Fe
	Cu

	Idoro
	2.936
	3.429
	1.873
	1
	0.834

	Mbak Etoi
	1.951
	1.900
	0.177
	1
	0.461

	Ifa Atai
	2.126
	3.788
	4.928
	1
	3.633

	Ikot Abasi
	0.209
	0.215
	0.426
	1
	0.468

	Nung Oku
	0.911
	0.235
	1.636
	1
	1.364


Table 6: Enrichment factor (EF) of trace metals in soil from the investigated dumpsites during the dry season

	Location
	Pb
	Cd
	Zn
	Fe
	Cu

	Idoro
	2.332
	0.500
	0.568
	1
	1.000

	Mbak Etoi
	0.998
	1.255
	1.111
	1
	0.281

	Ifa Atai
	4.123
	1.583
	0.189
	1
	0.819

	Ikot Abasi
	0.814
	0.792
	0.806
	1
	0.796

	Nung Oku
	2.293
	1.007
	1.002
	1
	1.010


The result for the enrichment factor is presented in Tables 6 and 7 for both the wet and dry seasons respectively.Enrichment factor (EF) is used to differentiate between metals originating from anthropgenic sources and geogenic or crustal sources (Uwah et al., 2013; Etuk, 2016) Nnaji and Chukwu(2020) reported that EF is used to assess the degree of antropogenic influence on element load in the soil.  According to Hernadez et al (), Ef ranging between 0.5 and 2
indicate that the occurrence of the metal may be due to natural processes of weathering while values greater than 2 indicate are considered anthropogenic. The result for the wet season revealedthat Cd and Pb at Ifa Atai and Idoro were from anthropogenis sources while Zn was found to be greater than 2 indicating anthropogenic pollution at Ifa Atai. In the dry season, the EF value for Pb was greater than than 2 for three dumpsites namely; Idoro, Nung Oku and Ifa Atai.  

The result for the wet season was higher than that of the dry season indicating that the level of trace metals introduced into the dumpsite during the wet season was more than what was lost through leaching, run-off or infiltration. the result for EF obtained in this study ranged from 0.179-4.928 while Nnaji and Chukwu (2020) reported values that ranged from 0.860-10.000 for five dumpsites at Umuahia, Abia state Nigeria.
Table 7: Ecological risk factor and potential ecological risk factor for trace metals in soil from selected dumpsites in Uyo metropolis during the wet season

	Location
	Pb
	Cd
	Zn
	Fe
	Cu
	PERI
	Risk Grading

	Idoro
	29.450
	206.85
	3.807
	2.010
	8.385
	250.502
	Moderate ecological risk

	Mbak
	63.000
	360.000
	1.139
	6.461
	14.770
	445.370
	High ecological risk

	Ifa Atai
	32.355
	344.400
	14.941
	29.520
	55.090
	476.306
	High ecological risk

	Ikot Abasi
	13.570
	85.050
	5.536
	12.960
	30.385
	147.501
	Low ecological risk

	Nung Oku
	29.825
	46.230
	10.710
	6.55
	44.670
	137.985
	Low ecological risk


Table 8: Ecological risk factor and potential ecological risk factor for trace metals in soil from selected dumpsites in Uyo metropolis during the dry season

	Location
	Pb
	Cd
	Zn
	Fe
	Cu
	PERI
	Risk Grading

	Idoro
	60.125
	77.400
	2.934
	5.157
	25.750
	171.366
	Moderate ecological risk

	Mbak
	37.246
	281.160
	8.292
	7.463
	10.505
	344.665
	High ecological risk

	Ifa Atai
	57.250
	130.350
	0.528
	2.792
	11.445
	202.395
	Moderate  ecological risk

	Ikot Abasi
	5.555
	32.400
	1.098
	1.362
	5.410
	45.825
	Low ecological risk

	Nung Oku
	19.105
	50.130
	1.660
	1.658
	8.585
	81.138
	Low ecological risk


3.3
Ecological Risk assessment
The result for the ecological risk index (ERI) and potential ecological risk index (PERI) of trace metals in soil from the investigated sites in both wet and dry seasons are presented in Table 8 and Table 9. The ERI for all the investigated trace metals in soil at the dumpsites during the wet seasons ranged between 1.139-32.355 which indicate low ecological risk. However, Pb was 63 at Mbak Etoi, copper was 44.67 and 55.90 at Nung Oku and Ifa Atai respectively. The result for Cd varied from 46.23 to 360 indicating low ecological risk to serious ecological risk.  In the dry season, ERI values for the investigated metals at the different sites were less than 40 except Pb and Cd at Idoro, Ifa Atai and Mbak Etoi. For both season the variation of ERI was as follows: Cd > Pb > Cu > Fe > Zn.
PERI values for both season varied from low ecological risk to moderate ecological and high ecological risks for the investigate dumpsites.  The result for PERI reveals that Cd and Pb were the major contributors to high PERI values at all the investigated sited in both seasons. The toxicity of Cd and Pb on human is well documented (Dara, 1993; Sabine and Wendy; c/o umoh and Etim.  The high ERI and PERI values contributed by toxic metals (Pb and Cd) may affect the soil ecosystem of the dumpsites and may leach to farmlands close to them, thereby affecting human through the consumption of plants.
3.4
Correlation Matrix
The result for the Pearson’s correlation coefficients between the various metals investigated are presented in Table 9 and Table 10 respectively. This statistical technique is used to predict the interrelationship between the trace metals and identify possible source (Etuk et al., 2020b). 

During the wet season, the correlation matrix revealed the following metals pairs: Cd-Pb ( r = 0.819), Cu-Pb( r = 0.588(, Cu-Cd ( r = 0.543),and Cu-Fe ( 0.522). Strong negative correlation was observed for Fe-Zn (r = -0.764). During the dry season, strong positive correlation was observed for the following metal pairs: Cd-Pb (r = 0.858), while a strong negative correlation was observed for Fe-Cd (r = -0.825). Metals with strong positive correlations may be from a common source or origin (Mustapha and Aris, 2011) while metals with strong negative correlation observed in both seasons suggest inputs from a non-point source (Shittu et al., 2018).
Table 9: Pearson correlation matrix for trace metals in soil from dumpsites the wet season

	
	Pb
	Cd
	Zn
	Fe
	Cu

	Pb
	1
	
	
	
	

	Cd
	0.819
	1
	
	
	

	Zn
	0.305
	-0.201
	1
	
	

	Fe
	0.018
	0.484
	-0.674
	1
	

	Cu
	0.558
	0.543
	-0.230
	0.522
	1


Table 10: Pearson correlation matrix for trace metals in soil from dumpsites the wet season

	
	Pb
	Cd
	Zn
	Fe
	Cu

	Pb
	1
	
	
	
	

	Cd
	0.819
	1
	
	
	

	Zn
	0.305
	-0.201
	1
	
	

	Fe
	0.018
	0.484
	-0.674
	1
	

	Cu
	0.558
	0.543
	-0.230
	0.522
	1


4.0 Conclusion
This study was conducted to determine the seasonal variation in the level of some trace metals in soil from five different dumpsites and control in Uyo metropolis, Nigeria. The pollution of these dumpsites was assessed using contamination indices like contamination factor, degree of contamination, pollution load index, enrichment factor and potential ecological risk index. In both seasons, the level of trace metals in soil from the dumpsite was higher than the level at the control. Also, result for the dry season was significantly higher than that of the wet season (P < 0.05). 

 In the dry and wet seasons, the levels of the investigated metals were lower than the WHO and EU limit except Cd for both seasons and Cu for two dumpsites during the dry season. The contamination indices for the wet and dry seasons revealed that Cd and Pb from the soil at the dumpsites contributed more to the pollution of the investigated sites and Pollution load index was greater than one for all the dumpsites indicating progressive deterioration of the sites. The enrichment factor suggested anthropogenic sources of pollution by cadmium and lead laden wastes. In both seasons, Cadmium was a major contributor to the ecological risk of benthic organisms in the soil ecosystem followed by lead. This calls for concern since Pb and Cd are toxic even at low concentration and can be transferred to humans through the food chain. Therefore, consumption of edible plants harvested from dumpsite soil and farmlands within the vicinity of dumpsites should be discouraged.
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�Check spelling


�Mention the diffusive means. Consider using ‘leaching’, ‘bioaccumulation/biomagnification’ and ‘diffusion’.


�‘Which percolates through’ the …….


�You may delete. Not necessary


�‘Trace metals can be transferred from leachates’


�Please review this ‘inadequate’. Consider using ‘Improper’


�‘accumulation of’






