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ABSTRACT:The assessment of some trace metals in soils around a municipal solid waste dumpsite in Gombe, 

Nigeria was conducted. Pollution indices and health risk parameters were determined in order to evaluate the 

ecological and health risk to the local environment.  The soil samples were collected in dry and rainy seasons and 

analysed for (Fe, Cd, Pb, Mn, Zn, Cu, Cr, and Ni) using atomic absorption spectrometry. The content of trace metals 

(mg kg-1) at the dumpsite in dry season were: Pb (8.78), Zn (151.00), Ni (11.80), Cr (4.55), Cd (12.12) and Mn 

(92.05), while in rainy season, content of trace metals were Pb (8.80), Zn (148.00), Ni (11.63), Cr (4.20), Cd (10.03) 

and Mn (91.03). In both seasons, there was a significant increase (p<0.05) in levels of chromium, cadmium, zinc, 

nickel, lead, copper and iron in soil samples from the south (20 m) of the dumpsite and at the dumpsite compared to 

soil samples from the control site. Pollution indices studies showed that soil samples from south (20 m) of the 

dumpsite and at the dumpsite were highly polluted with cadmium, contributing 99% of the overall potential ecological 

risk. No potential health risk was detected, considering the fact that the hazard quotient and total hazard index of all 

the studied metals were less than one. However, children were found to be more vulnerable to heavy metal pollution 

than adults.  

 

                               INTRODUCTION 

Municipal solid wastes are discarded materials discharged 

as an outcome of human activity. Most commonly, they are 

semi solids, solids and liquids in containers discard out 

from industrial premises, markets or houses [1]. Solid 

waste management has been a major concern for most 

developing countries of the world. In Nigeria, for instance 

it is not strange to see heaps of trash in the main cities 

littering the vacant plots, streets, water bodies and dumped 

in drains, and this has resulted in spread of transmissible 

diseases in many areas. The situation appears to keep on 

unabated due to mostly the factors of population growth, 

improved life style, urbanization and insufficient funds to 

properly control solid waste. In Nigeria, management of 

waste generated from different sectors of the economy is 

the sole responsibility for agencies like the Federal 

Environmental Protection Agency (FEPA), Ministry of 
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Environment, Local Authorities and Environmental 

Sanitation Authorities. Gombe State Environmental 

Protection Agency (GOSEPA) is not an exception. The 

report that refuse dumps have caused traffic delays in some 

strategic parts of some urban center is an example of poor 

management of refuse dumps in most Nigerian towns and 

cities [2]. Most of these agencies do not possess relevant 

managerial ability, structure and funds to meet up with the 

challenges of waste management.  The inability of these 

agencies to function properly has led to the proliferation of 

open dumpsites across various city centers.  

Improper management of solid waste might result in 

serious ecological, environmental and health problems. 

Contamination of groundwater and nearby soil is one major 

problem related to open dumpsites. This is as result of 

leachate production which could permeate the underground 

aquifer as well as migrate to neighboring farmlands. This 

could lead to the deterioration of soil by some chemical 

toxicant like trace metals. Soils are generally regarded as 

the carrier of most toxic trace metals release into the 

environment [3].  Consequently, continual disposal of 

municipal solid waste on soil may increase its trace metal 

burden. In recent times, environmental problem due to soil 

contamination by trace metals has received great global 

attention [4]. Some trace metals are of great ecological 

concern due to their bioaccumulation tendencies, non-

biodegradable nature and toxicity [5]. Lead exposure has 

been associated with high blood pressure and hypertension 

[6], cadmium toxicity has been implicated in cases of 

prostate cancer and cancer in liver, kidney and stomach [7] 

while exposure to nickel can lead to reduced lung function, 

cancer of the lung, asthma and respiratory tract irritation 

[8]. The occurrence of these trace metals in municipal 

waste dumpsites in various parts of Nigeria has been 

reported, this includes relatively high content of lead, 

cadmium, mercury and arsenic in soil from an open solid 

waste dumpsite in Enugu, Nigeria. Also levels of 

chromium, copper, iron and lead found in soils near a  

 

dumpsite in Lagos, Nigeria  were reported to be above 

regulatory bodies limits, and high cadmium concentration 

were recorded in soil near an open dumpsite in Uyo, 

Nigeria [9-11]. It has been reported that cadmium 

contributed 98–99 % of the overall potential ecological risk 

related with dumpsite in Uyo, Nigeria, but with no feasible 

health risk [11]. Assessment of ecological risk of trace 

metals in polluted soil has been gaining more attention in 

recent years [12-13]. These risk assessment methods can 

serve as means for analyzing, processing, and conveying 

relevant information to help maintain a healthy 

environment. In the present study, the levels of some 

metals in soils within the surrounding area of a municipal 

solid waste dumpsite are determined; the results are used to 

provide information on the health and ecological risk 

associated with the dumpsite. 

MATERIALS AND METHODS 

Study Area 

The study area was Gombe metropolis,Gombe state capital, 

situated in the North-Eastern Nigeria.It is located between 

latitude 10°17′05.88''N and 11°10′36.78"E with an area 

coverage of about 52 km2 and about 399,531 estimated 

population based on 3.2% growth rate [14]. The studyarea 

has Sudan savanna climate, characterized by a tropical 

climate with two distinct seasons; a rainy season (May-

October) and a dry/harmattan season (November-April); 

with an average annual rainfall of 902 mm and temperature 

range from 18 oC to 39 oC [15]. Therelative humidity range 

from 70 to 80 % in August and decrease to 15 to 20% in 

December. Geologically, Gombe is part of the central 

highland with flat landscape [16]. The open dumpsite is 

located in the Herwagana Quarters very close a primary 

school (Figure 1).  
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Figure 1.Map of the Study area. 

 
 

Soil sample collection and processing 

Soil samples were collected from six different locations: at 

the dumpsite, 20 m south, north and east and west of the 

dumpsite; and control site, a virgin soil 500 m away from 

the dumpsite. Stones and extraneous materials were 

removed from the sampling sites; samples were collected 

from top soil 5-15 cm under the surface to avoid collection 

of decayed waste materials. Five subsamples were 

randomly collected at each sampling location to make a 

composite sample. Ten samples were collected in both 

rainy and dry season at each sampling location. A total of 

sixty different composite samples were collected for the 

study. 500g of each soil sample was placed in polyethylene 

bag, and taken to the laboratory, where they were stored 

under room temperature until analysis. 

Determination of soil physicochemical properties 

The parameters determined were pH, electrical 

conductivity; cation exchange capacity, soil moisture, 

organic matter, total nitrogen, available potassium, 

available phosphorus, available sulphate and particle size 

distribution. pH was determined using WTW pH Electrode, 

conductivity was determined using a CO150 conductivity 

meter, soil organic matter (OM) was determined by the 

potassium dichromate titrimetric method, soil total nitrogen 

(TN) was determined by the semi-micro Kjeldahl method, 

available phosphorus (PA) was determined by Bray’s 

extractant spectrophotometry method, available potassium 

(KA) was determined by the ammonium acetate 

spectrophotometry method, available sulphur (SA) was 

determined by spectrophotometry method, cation exchange 

capacity was determined by the neutral ammonium acetate 

method while the particle size was  determined by using 

hydrometer test [17]. 

Sample preparation and digestion of soil 

The soil samples were air dried and sieved through 2 mm 

mesh standard sieve.1.00 g of each prepared soil sample 

was put into 150 ml erlenmeyer flask, concentrated mixture 

of HNO3:HClO4:HF, (3:1:3) was added. The mixture was 

placed on a hot plate for three hours at 80 oC. The digest 

was filtered into 100 ml standard flask and made to mark 

with distilled water [18]. Cu, Cr, Fe, Ni, Cu, Mn, Cd and 
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Zn, were all determined using an atomic absorption 

spectrophotometer AAS (Unicam 969). 

Quality assurance protocol 

 Precision and accuracy of the analytical procedure was 

investigated by conducting recovery experiments. The 

quality assurance protocol was obtained by determining 

metal concentrations in triplicate samples of un-spiked and 

spiked soil samples. Spiking was performed by adding 1 ml 

of different concentrations of the metal standard solution to 

1 g of soil sample, prior to the digestion process. Mean of 

the metals recoveries were Fe:90 ± 6.60%; Pb:94±4.0%; 

Zn:92±6.0%; Ni:89±5.5%; Cr:95±3.0%; Cd:97±4.0%; 

Cu:86±5.6%; 91±4.3%. 

Data analysis 

The data obtained from the study were analysed with SPSS 

software version 20 for windows. The independent t-test 

was used to compare the mean values obtained during the 

rainy season with that of dry season, and also to compare 

mean values from soil at the dumpsite with soil outside the 

dumpsite at p <0.05. Pearson Correlation of different 

metals in soil samples was calculated. Cluster analysis of 

the eight heavy metals was performed to spot the 

connection among the heavy metals and to group them 

according to their probable sources. A dendrogram was 

constructed to show the cohesion of the observed clusters. 

Pollution indices 

Geo-accumulation Index 

Geo-accumulation Index is defined as enrichment of metal 

concentration above baseline concentrations, and it was 

calculated using literature method [19]. This method was 

used to assess the metal pollution in terms of seven (0 to 6) 

enrichment classes ranging from reference concentration to 

very heavily polluted, as follows:  

Igeo = Log2 [
  

      
] Eq.1 

Where Cn is the concentration of the examined trace metal 

in the soil sample, 1.5 is introduced to minimize 

background variations and Bn is the reference value of the 

metal n or geochemical background concentration. The 

reported world average elemental concentration in mg kg-1 

(Fe = 47200, Cr = 90, Cd = 0.30, Cu = 45, Ni = 68, Mn = 

850, Pd = 20 and Zn = 95) [20]. An approach which was 

reported in the literature [21] was used, seven classes 

contamination are used to define the degree of metal 

pollutants in soils [20]. The classes include (unpolluted) 

Igeo< 0, (unpolluted to moderately polluted) 0 ≤ Igeo< 1, 

(moderately polluted) 1 ≤ Igeo<2, (moderately to strongly 

polluted) 2 ≤ Igeo<3, (strongly polluted) 3 ≤ Igeo<4, 

(strongly to very strongly polluted) 4 ≤ Igeo<5 and (very 

strongly polluted) Igeo>5. 

Enrichment factor 

The enrichment factor shows the level of accumulation of 

the metal to the natural background level. The enrichment 

factors of metals in soil were calculated based on the 

equation: 

EF = 
(
 

 
)      

(
 

 
)     

  Eq.2 

Where, EF enrichment factor, M is the metal, R is the 

reference metal, (M/R) sample is the metal ratio found in 

sample, and (M/R) shale is the metalreference ratio. It has 

been reported that Fe is essentiallylactogenic [22], and 

therefore not expected to be considerably enriched from 

anthropogenic source in estuarine soil [23]. Iron was used 

for normalization study to determine the heavy metal 

pollution. The classification of enrichment factor (EF) 

reported elsewhere [13] was adopted in this study; EF < 2 

(indicates no enrichment), EF = 2 to 3 (minor enrichment), 

EF = 3 to 5 (moderate enrichment), EF = 5 to 10 

(moderately severe enrichment), EF = 10 to 25 (severe 

enrichment), EF = 25 to 50 (very severe enrichment) and 

EF > 50 (extremely severe enrichment). 

Degree of Contamination (Cd) 

To express the contamination of toxic metals in this study, 

equations3 and 4 were used to define contamination factor 

(Cf) and degree of contamination (Cd) respectively; 
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Cf=
  

  
  Eq.3 

Cd =∑    Eq.4 

Where Cn is the metal content in the soil andCo is the 

geochemical background concentration or the background 

value of heavy metals in the uncontaminated soil or 

reference value of the metal [24]. The following 

terminology was used to express the contamination factor: 

low contamination Cf< 1; moderate contamination 1 <Cf< 

3; considerable contamination 3 <Cf< 6; very high 

contamination factor Cf> 6. Degree of contamination (Cd) 

is the sum of all contamination factors and is graded as 

follows: low degree of contamination Cd < 8; moderate 

degree of contamination 8 < Cd < 16; considerable degree 

of contamination 16 < Cd < 32; very high degree of 

contamination Cd > 32. 

Pollution load index (PLI) 

Pollution load index (PLI) was calculated based on 

literature procedure [24]  

PLI = (Cf1 ×Cf2× Cf3× Cf4….Cfn)
1/n Eq.5 

Where Cfis the contamination factor and n is the number of 

metals studied. The PLI gives an estimate of the metal 

concentration status. The values of PLI < 1 denotes 

perfection; PLI = 1 means that only baseline levels of 

pollutant are present and PLI > 1 indicates deterioration of 

site quality [25,26]. 

Ecological Risk Assessment 

United States Environmental Protection Agency (USEPA) 

in 1998 defined ecological risk assessment as a process that 

determines the likelihood that certain adverse ecological 

effects may occur. The assessment of ecological risks of 

heavy metals in the studied soil samples was done using the 

parameters; Ecological Risk Assessment Ei
r and Potential 

Ecological Risk Index (Ri) according to literature method 

[27]. The ecological risk index (Ri) was used to assess the 

degree of heavy metal pollution in soil, in accordance with 

the toxicity of metals and the response of the environment. 

The formulas for determining Ri and Ei
rare given as: 

Ri= ∑  
    Eq. 6 

Ei
r =   

  

  
  Eq. 7 

Where Riisthe sum of potential ecological risk factor for 

trace metals in soil , Ti is the toxic-response factor of a 

certain metal (e.g., Cd = 30, Cu = 5, As = 10, Pb = 5, Ni =5 

Zn = 1 and Cr = 2). Ei
ris the monomial potential ecological 

risk factor, Cnis the metal content in the soil and Co is a 

background value or reference value of metals in soil. 

To quantitatively describe the potential ecological risk (Ei
r) 

of contaminant in soil of the study area, the potential 

ecological risk factor was calculated using equation 7. The 

following terminology was used to described the potential 

ecological risk factor:Ei< 40 (low potential ecological risk), 

40 <Ei
r< 80 (moderate potential ecological risk), 80 <Ei

r< 

160, (considerable potential risk ecological risk), 160 <Ei
r< 

320 (high potential ecological risk),and Ei
r> 320 (very high 

potential ecological risk). 

Health Risk Assessment 

Human health risk assessment is the method of estimating 

the probability of adverse health effects of toxic elements 

in humans. Risk assessment of heavy metals are usually 

estimated oral ingestion (food, water etc), dermal contact 

(soil) and inhalation (dust), but assessment carried out in 

the study is based on accidental oral ingestion of soil 

medium [28,29]. The model for estimatingnon-

carcinogenic risk is as follows: 

ADDing= 
               

      
x 10-6  Eq.8 

Where ADDingisaverage daily dose of ingestion,  

C = concentration of the contaminant in the medium 

(mg/kg); IR = ingestion rate is 200 mg day−1for children 

and 100 mg day−1 for adults [30] EF = exposure frequency 

is 250 daysyear−1 [31]; ED = exposure period (6 years for 

children and 25 years for adult) (USEPA, 2001); AT = 

average time for non-carcinogensis ED×365 days and BW 

= body weight; 15 kg for children and 70 kg for adults [29]. 

The non-carcinogenic hazard or systemic toxicity for each 

metal is expressed as the hazard quotient: 
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Non-cancer Hazard Quotient (HQ) = 
      

   
 Eq.9 

Rfd is reference dose for the metal [32]. 

The cumulative non-carcinogenic hazard is expressed as 

the total hazard index (THI) and it is the summation of all 

the individual hazard quotients;  

Total Hazard Index (THI) = ∑n
i-1HQ     Eq.10 

If values of HQ and HI are above 1, it calls for a greater 

level of concern [28]. The possibility of experiencing long-

term health hazard effects increases with the increasing 

THI value [33], THI = 1.1-10 refers to moderate hazard 

while THI >10 refers to high hazard [34]. 

RESULTS AND DISCUSSION 

Physico-chemical properties 

Table 1 presents the physico-chemical properties of the soil 

at the dumpsite and around the dumpsite. The pH values 

recorded in all soil samples during the wet season range 

from 8.06 to 8.63 whereas during the dry, the values range 

from to 7.45 to 8.0.The electrical conductivity of soil 

samples at the dumpsite was higher than values recorded 

for the other sites while lower values was observed at 20m 

south of the dumpsitein both seasons compared to the other 

sites. The soil samples recorded organic carbon percentage 

which range between 0.84 to 1.20 % during thewet season 

and 0.87 to 1.22 % during the dry season. The dumpsite 

recorded a higher organic carbon compared to other sites. 

This could be attributed to presence of decayed organic 

waste residues in the dumpsite. The percentage of nitrogen 

in all soil samples range from 0.063 to 0.147 % during the 

wet season whereas during the dryseason, the values range 

from 0.063 to 0.163 %, these values are lower than those 

reported for refuse dump soils and plants in Ghana [35], 

which range from 0.22 to 0.42 %. The concentration of 

available phosphorus in the dumpsite during wet season 

range from 12.86 to 55.62 mg kg-1 whereas during dry 

season the values range from 14.76 to 61.68 mg kg-1. These 

values were relatively higher than those reported elsewhere 

[36], with values range of 11.00 to 46.00 ppm. The 

available potassiumrecorded for the studied soils, range 

from 10.09 to 23.64 mg kg-1 during wet season and 13.70 to 

28.28mg kg-1 during dry season, the concentrations of 

available potassium in the dumpsite were higherthan (2.34 

to 8.31 mg kg-1) reported for the soil dumpsite in Bonoua, 

Ivory Coast [37], but lower than (15169 to 22680 mg kg-1) 

reported for the soil in some dumpsites located in 

IkotEkpene, Nigeria [36]. The available sulphur recorded 

for the dumpsite soil in the present study area during wet 

season range from 8.11 to 23.19 mg kg-1 whereas during 

dry season the values range from 8.22 to 28.36 mg kg-1, 

these values were lower than 3.72 to 102.64 mg kg-1 

reported for dumpsites in Zaria Metropolis, Nigeria [38]. 
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Table 1. Physicochemical properties of soils sampled along wastes and non-waste dumpsites in Gombe 

Location 

Dry season   (n = 30) 

pH EC(µS/cm) CEC(cmol(+)/kg) Sandy % Silt % Clay % % Moisture % Org C NT (%) Pava  (mg/kg) 

SSC 7.60 ± 0.14 240±29.15 7.25 ± 0.575 68.40±1.57 19.28±1.02 16.32±3.41 0.235±0.08 0.65 ± 0.028 0.63 ± 0.014 19.30 ± 1.71 

SSD 8.00 ± 0.28 1360±62.45 18.63 ± 1.25 64.40±1.298 20.84±1.66 14.76±2.71 0.376±0.06 1.22±0.014 0.163±0.025 61.68 ± 2.36 

SSE 7.60 ± 0.14 780±40.00 9.86 ± 0.823 72.40±2.50 11.38±1.47 16.32±3.41 0.25±0.107 0.94 ± 0.028 0.084±0.010 24.59 ± 1.42 

SSW 7.45 ± 0.07 630±35.36 12.75 ± 1.09 58.40±1.59 19.28±1.10 22.32±2.05 0.294±0.12 0.89 ± 0.014 0.084±0.018 27.6 2± 1.10 

SSN 7.55 ± 0.07 280±26.08 12.75 ± 1.09 62.40±2.50 21.84±1.47 20.32±3.21 0.235±0.75 0.87 ± 0.140 0.084±0.056 15.89 ± 1.77 

SSS 7.50 ± 0.14 240±50.00 8.09 ± 1.300 56.40±2.45 21.28±2.26 22.32±4.04 0.338±0.07 0.92 ± 0.042 0.063±0.014 14.76 ± 1.60 

Rainy season      (n=30)   

SSC 7.73 ±0.06 220±33.91 6.31 ± 0.520 70.40±1.25 17.28±0.86 12.32±1.17 0.338±0.07 0.65 ± 0.280 0.063±0.018 16.65±1.853 

SSD 8.63 ±0.05 1640±71.06 16.17±0.828 66.40±1.77 15.28±1.08 18.31±1.43 0.842±0.13 1.20±0.0280 0.147±0.023 55.62 ±0.092 

SSE 8.25 ±0.08 670±48.48 8.14 ± 0.890 74.40±1.465 13.28±0.842 12.76±2.01 0.482±0.72 0.92± 0.42 0.084±0.056 20.05±0.871 

SSW 8.53 ±0.09 560±62.45 9.46 ± 0.792 64.40±1.77 15.28±1.08 15.67±3.41 0.475±0.10 0.87 ± 0.014 0.63±0.017 23.46±1.611 

SSN 8.06 ±0.04 320±43.01 9.45 ± 0.792 64.40±2.163 17.28±1.57 18.32±1.21 0.338±0.11 0.84 ± 0.015 0.084±0.018 14.38±1.454 

SSS 8.46 ±0.05 280±35.36 6.92 ± 0.830 60.40±2.50 19.28±0.86 20.32±3.21 0.4960.14 0.89 ± 0.014 0.63±0.018 12.86±1.420 

                   SSC=Soil sample from control site, SSD=Soil sample from dumpsite,SSE=Soil sample from east of dumpsite ,SSW Soil sample from west of dumpsite =, 

                   SSN= Soil sample from north of dumpsite,SSS= Soil sample from south of dumpsite
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Trace metals content in the soil 

Table 2 shows the mean concentrations of trace metals in 

soil around the dumpsite. The highest concentrations of 

iron (2440.00mg kg-1), cadmium (12.22 mg kg-1), 

manganese (92.05mg kg-1), lead (8.80 mg kg-1), chromium 

(4.55 mg kg-1), nickel (11.85 mg kg-1), copper (2.15 mg kg-

1) and zinc (151.00 mg kg-1) were recorded in the soil 

samples from the dumpsite in both seasons. Copper (0.23 

mg kg-1) recorded lowest concentration from soil sample 

east of the dumpsite, while soil sample north of the 

dumpsite recorded low concentration of cadmium (4.55 mg 

kg-1) during the wet season. The high iron concentrations in 

the soil samples could not be from anthropogenic sources 

alone, lithogenic origin is amajor source of iron in soil [36]. 

Moreover, reports have shown that iron is one of the 

abundant metals in Nigeria soils[39].There is an increase in 

zinc content of soil samples from west of the dumpsite, 

which could be ascribed to leachate from the dumpsite. 

Low concentration of iron was recorded for soil sample 20 

m west of the dumpsite while soil samples from 20m north 

of the dumpsite recorded low zinc content. The increase in 

heavy metal levels of soil samples from 20 m south of the 

dumpsite as well as the dumpsite gave an indication of the 

proportion of waste dumped in study area. The general 

trend for the trace metals in the soil samples is Fe > Zn 

>Mn>Pb> Ni > Cd > Cr > Cu. The mean metal 

concentrations (Cr, Fe, Cu, Mn, Zn, Ni, and Pb) in all the 

soil samples were lower than the target limit (Cu = 36. Mn 

= 476, Fe = 5000, Pb = 85, Zn = 140, Ni = 35 and Cr = 100 

mg kg-1) [40]. However, the Cd concentration in all the soil 

samples from control site, 20 m south, north, west and east, 

and the dumpsite were above 0.80 mg kg-1 limit set by a 

regulatory body [40]. Similar observation of metal levels 

above regulatory body’s stipulations [40] was reported for 

soils around a dumpsite in Uyo, Nigeria [11] and dumpsite 

soil in Bonoua, Ivory Coast [37]. Cadmium is frequently 

discharged from anthropogenic sources. Cadmium is used 

as an anticorrosion coating in electroplating, stabilizer in 

plastics, it is also a component of nickel-cadmium batteries, 

it is used as alloying metal in solders, as component of 

phosphate fertilizers, and as pigments; all these constitute 

potential sources of cadmium at dumpsites, where there are 

accumulation of discarded wastes. The Cd levels in the 

present study was higher than 0.73mg kg-1 reported for 

dumpsite soil in Ghana [41], 0.84 mg kg-1obtained for 

dumpsite soil from Ibadan, Nigeria [42]  and 9.05 mg kg-1 

observed in dumpsite soil from Uyo, Nigeria [11]. 

However, the Pblevels were lower than 9.90 mg kg-1, 41.82 

mg kg-1and 149.67mg kg-1reported for dumpsite soils in 

Uyo[11], Ghana [41]and Nigeria [43] respectively. Most of 

the other metals such as Zn,Mn, Cr, and Fe levels in this 

study were higher than values reported in related studies 

[11, 41, 42]. It was found that in the rainy season, the metal 

content declined. This might be ascribed to heavy rainfall, 

dilution and run-off during the rainy season.There was a 

significant increase (p<0.05) in levels (in both seasons) of 

lead, iron, cadmium, zinc, nickel, copper and chromium in 

soils from south of the dumpsite and in the dumpsite as 

compared to the soil from the control site. However, in both 

seasons, soil samples from 20 m north, and east of the 

dumpsite as well as the dumpsite recorded 

significantincrease in manganese (p<0.05) content 

compared to samples from the control site. 
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Table 2.Trace metal concentrations (mg kg
-1

) of soils sampled along wastes and non-waste dumpsites in Gombe 

Location 

Dry season   (n = 30) 

Cd Cu Mn Fe Pb Zn Ni Cr 

SSC 1.09±0.03 0.28±0.08 44.17±0.50 1797.56±2.00 3.78±0.05 50.90±3.00 2.19±0.03 1.06±0.02 

SSD 12.22±0.19 2.15±0.61 92.05±1.92 2440.00±3.0 8.78±0.5 151.0±1.0 11.85±1.00 4.55±0.05 

SSE 1.70±0.10 0.83±0.25 46.60±0.50 1899.50±4.0 6.90±0.2 72.25±1.05 2.50±0.30 1.95±0.12 

SSW 1.92±0.10 0.68±0.38 54.50±0.50 1814.00±4.0 5.6±0.33 147±2.0 2.85±0.05 1.7± 0.02 

SSN 1.75±0.01 0.25±0.20 61.75±0.46 1989.50±3.0 4.10±0.1 66.55±0.45 3.75±0.05 1.65±0.03 

SSS 6.60±010 1.34±0.60 81.20±0.80 1865.00±4.0 7.83±0.4 61.57±0.27 9.55±0.65 3.25±0.14 

Rainy season      (n=30) 

SSC 1.09±0.03 0.26±0.09 44.27±0.50 1797.5±2.000 3.78±0.05 50.90±3.00 2.190±0.03 1.06±0.02 

SSD 10.03±0.15 1.34±0.60 91.03±1.0 1998.80±0.53 8.80±0.2 148.0±0.5 11.63±0.59 4.20±0.25 

SSE 1.61±0.05 0.23±0.09 44.27±0.5 1865.00±\2.0 6.35±0.25 70.05±1.15 2.00±0.10 1.74±0.15 

SSW 1.80±0.09 0.52±0.41 49.45±0.65 1797.60±2.0 5.30±0.2 137.0±3.0 2.50±0.10 1.72±0.14 

SSN 1.60±0.05 0.25±0.09 55.50±0.5 1946.00±3.0 4.00±0.1 60.33±0.5 3.10±0.11 1.60±0.10 

SSS 6.73±0.10 0.82±0.28 62.80±0.5 1845.00±3.0 6.90±0.5 50.90±2.0 7.50±0.40 2.90±0.10 

DPR  target values 0.8 36 476 5000 85 140 35 100 

                      SSC=Soil sample from control site, SSD=Soil sample from dumpsite, SSE=Soil sample from east of dumpsite, SSW Soil sample from west of dumpsite =,SSN= Soil sample  

                      from north of  dumpsite, SSS= Soil sample from south of dumpsite 
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Correlation and Cluster analysis 

Pearson correlation analysis was performed for metal 

contents in all the sites at levels of significance (p < 0.05 

and p<0.01) and the results are presented in Table 3. The 

results indicated that most metal pairs have strong and 

positive correlations (r>0.6) except Zn pairs that had r ≤ 

0.4. Some metal pairs showed strong significant (p< 0.05 

and p<0.01) indicating their simultaneous release from the 

dumpsite. Cluster analysis was used to recognize the link 

among the analysed metals and group their likely sources. 

The distance cluster portrays the extent of association 

between the metals. A low distance cluster value indicates a 

more significant relationship. The results of the cluster 

analysis in both seasons were illustrated in a dendrogram 

that grouped the eight metals into two distinct clusters 

(Figure 2). The first cluster in both dry and rainy seasons 

includes Cu, Cr, Cd, Ni, Pb, Mn and Zn. These metals draw 

attention to the anthropogenic sources which are associated 

with the dumpsite. The second cluster varied in the two 

seasons. In dry season, it was with Ni and Fe while in rainy 

season, it was Cu and Fe. However, the degree of 

difference in second clusters was very great. The non-

association of Fe indicates that iron is mainly lithogenic 

and could not have been discharged from the dumpsite. 

Table 3. Pearson correlation matrix for the trace metals in the soils in both seasons 

Metals Cd Cu Mn Fe Pb Zn Ni Cr 

Dry season 

Cd 1        

Cu .956(*) 1       

Mn .935(*) .817 1      

Fe .833 .738 .707 1     

Pb .820 .942(*) .657 .522 1    

Zn .433 .459 .259 .481 .277 1   

Ni .962(**) .893(*) .982(**) .699 .782 .237 1  

Cr .992(**) .972(**) .919(*) .793 .874 .360 .965(**) 1 

Rainy season 

Cd 1        

Cu .967(**) 1       

Mn .937(*) .933(*) 1      

Fe .530 .451 .735 1     

Pb .880(*) .858 .754 .357 1    

Zn .359 .566 .487 .173 .434 1   

Ni .994(**) .963(**) .967(**) .603 .836 .371 1  

Cr .992(**) .972(**) .952(*) .573 .906(*) .437 .988(**) 1 

*  Correlation is significant at the 0.05 level (2-tailed). 

**  Correlation is significant at the 0.01 level (2-tailed). 
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Figure 2. Dendrograms produced by hierarchical clustering 

Pollution indices 

The results of the geo-accumulation index of the soil 

samples from the various sites in both seasons are 

presented in Figure 3. In both seasons, the dumpsite soil 

had Cd Igeo of 4.7 and 4.5which implies that the site range 

from strongly to very strongly polluted while the other sites 

had Igeo ranging from moderately to strongly polluted with 

cadmium. The other metals (Cu, Mn, Pb, Zn, Ni, Cr and 

Fe) had Igeo values ranged from unpolluted to moderately 

polluted in both seasons. The Igeo values in this study were 

similar to values reported in a related study [11], butlower 

than values of Ni and Pb reported for dumpsite soils in 

Khamees-Mushait, Saudi Arabia [44]. The results of 

enrichment factor in both seasons (Figure 4) show that Cu 

and Cr (EF < 2 ) recorded no enrichment, Mn and Ni 

recorded a range of no to minor (EF = 2 to 3), while  Pb 

recorded moderate enrichment (EF = 5 to 10) in all the 

sites. However, severe enrichment (EF = 10-25) was 

recorded for Zn, while extremely severe enrichment was 

recorded for Cd (EF > 50) in all the sites. Extremely high 

enrichment for Cd and Zn was reported in similar study 

[11], while minimal enrichment has been reported for Cd in 

soil from a waste dumpsite in Ghana [41]. Results of 

enrichment factors may vary for different studies 

depending on the reference values used in the assessment. 

Some studies use the background levels, average crust 

levels, pre industrial reference levels or the average shale 

levels of the various metals. The present study used the 

average shale level as the heavy metal reference values in 

soil. The results of the contamination factor in both seasons 

(Figure 5) indicated low contamination for all the metals in 

the different sites except Cd. Very high contamination (Cf> 

6) was recorded for Cd at the dumpsite and 20m south of 

the dumpsite, while the other sites recorded moderate 

contamination (1 <Cf< 3) in both seasons. Considerable 

degree of contamination (16 < Cd< 32) was recorded for Cd 

at the dumpsite, moderate contamination (8 < Cd< 16) at 

south of the dump (20 m) while low degree of 

contamination was recorded in all the other sites. The 

pollution load index values (Figure 5) of each of the metals 

were less than 1 at the different sites of the dumpsite. This 

is an indication that the studied sites have not been severely 

contaminated, and consequently there may beno need for 

immediate intervention to ameliorate hazardous pollution. 

Similar contamination factor ranging from moderate to 

severe pollution and PLI less than 1 for Cd has been 

reported elsewhere [11]. The results of the ecological risk 

assessment are summarized in Table 4for rainy and dry 

seasons. It was observed that the value of Er
i for lead, 

copper, zinc, nickel and chromium were below 40 in both 

seasons indicating low potential ecological risk. However, 

moderate ecological risk (Er
i = 63 to72) was recorded for 

Cd in soil samples 20m north, east and west of the 

dumpsite while the soil 20m south of dump with Er
i= 214 

to 248 fell under high potential ecological risk. The 
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dumpsite soil had Er
i= 375 to 458 which depicts very high 

potential ecological risk. The risk grade for the various sites 

was evaluated and it was found that Cd contributed to 99% 

of the overall potential ecological risk in the studied sites. 

This is an indication that cadmium may pose a potential 

risk to the surrounding biota. Most of the municipal 

dumpsites in Nigeria have agricultural farms close to them. 

Most of these metals especially Cd could be leached into 

these farmlands and contaminate agricultural produce. 

Most pollution studies at dumpsite in some Nigerian cities 

have shown that Cd may pose a high ecological risk, the 

values of potential ecological risk for the studied waste 

dumpsites range from 91-99% [11, 42-46]. This might be 

attributed to appreciable cadmium levels in the Nigerian 

environment. Several studies have reported high cadmium 

in various matrixes. For instance high levels of Cd have 

been observed in muscles and offals of cow reared in 

Nigeria [47], some goat meats in Nigeria have been 

reported to be impaired with high levels of Cd [48], 

likewise, Cd levels in all rice samples from seven states in 

Nigeria have been reported to be above the Codex standard 

[49]. Nigeria is a densely populated country with little or 

no waste management policies. These toxic metals, if not 

properly managed could be discharge into the environment 

thereby affecting the food chain.   

 

 

Figure 3. Geo-accumulation index (Igeo) of the metals in soil for rainy and dry seasons 
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Figure 4. Enrichment factor (EF) of the metals in soil from rainy and dry seasons 
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Figure 5.Contamination factor/Degree of contamination/Pollution load index of the metals  in soils for rainy and dry seasons 

Table 4.Potential ecological risk factor (E
i
r) and ecological risk index (Ri) values of soil sampled along wastes and non-waste dumpsites in Gombe 

Location 

Dry season 

Er 

Ri Risk grade 

Cd Cu Pb Zn Cr Ni 

SSD 458.22 0.295 0.515 1.078 1.69 0.090 461.8 Considerable 

SSE 63.75 0.115 0.405 0.516 0.355 0.038 65.17 Low 

SSW 72.00 0.180 0.330 1.050 0.405 0.034 73.99 Low 

SSN 65.61 0.030 0.240 0.475 0.535 0.032 66.92 Low 

SSS 247.5 0.185 0.460 0.439 1.360 0.064 250.0 Moderate 

Potential ecological risk Moderate to very high Low Low Low Low Low   
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Rainy season 

SSD 375.9 0.185 0.515 1.057 1.515 0.084 379.25 Considerable 

SSE 60.3 0.031 0.074 0.500 0.285 0.034 61.22 Low 

SSW 67.5 0.070 0.310 0.978 0.335 0.034 69.24 Low 

SSN 60.0 0.034 0.235 0.430 0.440 0.032 61.17 Low 

SSS 214.8 0.110 0.405 0.363 1.070 0.058 216.80 Moderate 

Potential ecological risk Moderate to very high Low Low Low Low Low   

SSC=Soil sample from control site, SSD=Soil sample from dumpsite, SSE=Soil sample from east of dumpsite ,SSW Soil sample from west of dumpsite 

=,SSN= Soil sample from north of dumpsite, SSS= Soil sample from south of dumpsite 

Health risk assessment 

Table 5 presents the results of ADD, HQ and THI of heavy 

metals ingestion for both child and adult. It was found that 

child health risk for each metal in the dumpsite and other 

sites were consistently higher than adult health risk. 

Children may take in more heavy metals from soils than 

adults during their outside play activities, and this could 

result to children being more exposed to soil toxic metals 

[50]. The total hazard indexes (THI) of all the metals were 

less than 1, this indicate that there was little or no likely 

adverse health risk. Although, ecological risk results have 

shown that the study area is polluted with cadmium, THI 

showed no adverse health effect. This is attributed to the 

fact that THI was carried out only on oral ingestion of soil. 

Other exposure routes like inhalation, dermal contact and 

even ingestion of food crops and water around the study 

area were not carried out in this study. THI reported in this 

study is similar to values observed in related study [11]. 

Table 5. Health risk assessment of the trace metals in soil from a dumpsite in Gombe, Nigeria 

Metals 
Mean metal 

conc(mg/kg) 
Age group ADD RfD HQ 

Cd 4.60±4.02 
Child 4.20E-05 

1.00E-03 
4.2E-02 

Adult 4.50E-06 4.5E-03 

Cu 0.84±0.62 
Child 7.68E-06 

4.00E-02 
1.92E-04 

Adult 8.24E-07 2.06E-05 

Mn 63.92±17.91 
Child 2.92E-04 

1.40E-01 
2.08E-03 

Adult 6.25E-05 4.47E-04 

Fe 1946.04±186.68 
Child 6.66E-03 

7.00E-01 
9.52E-03 

Adult 1.89E-03 2.70E-03 

Pb 6.46±1.72 
Child 5.88E-05 

4.00E-03 
1.47E-02 

Adult 6.32E-06 1.58E-03 

Zn 96.47±42.95 
Child 8.82E-04 

3.00E-01 
2.94E-03 

Adult 9.44E-05 3.15E-04 

Ni 5.72±3.99 
Child 5.22E-05 

2.00E-02 
2.61E-03 

Adult 5.58E-06 2.74E-04 

Cr 2.53±1.13 
Child 1.03E-05 

1.5E+00 
1.54E-05 

Adult 2.48E-06 1.65E-06 

 

THI 

Child 
 

7.41E-02 

Adult 9.84E-03 

 

 

Table 4. Continued. 
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                               CONCLUSIONS 

Assessment of pollution by some trace metals is soils 

within a municipal solid waste dumpsite in Gombe, Nigeria 

was determined using pollution indices like enrichment 

factor, contamination factor, degree of contamination, 

pollution load index, geo-accumulation index and 

ecological risks. Cadmium levels in the soil from the 

various sites were above the DPR target values. The other 

metals were within the stipulated limit set by DPR. All the 

pollution indices carried out show that Cd was the only 

metal posing an ecological risk to the local ecosystem. The 

human health risk carried out using the hazard quotient and 

total hazard index gave values less than 1, this indicate no 

probable health risk for children and adult living in the area 

of the dumpsite. 
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