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ABSTRACT 
 

The study assessed the impact of solid waste on soil quality in Akure. Four (4) dumpsites and a 

control site were selected. In each dumpsite, three (3) sample collection points were established, 

including the base of the dumpsite; 20m and 50m away from the dumpsite. Using a soil auger, 

soil samples were collected at depths of 0-15cm (top soil) and 15-30m (sub-soil) from each 

sample collection point and the control site. A total of thirty (22) soil samples were collected and 

analyzed pH, Electrical Conductivity, SOM, Soil Organic Carbon, NO3-, Na+, K+, PO4
3-, Fe, Mn, 

Zn, Ca2+, ECEC. Concentration levels were generally highest in Igbatoro dumpsite, followed by 

Edema. Least concentrations were found in Ado dumpsite. For all the dumpsites, mean 

concentrations were higher than levels observed at control site. The pH of the soil was slightly 

acidic. Sodium, potassium, electrical conductivity, and manganese were also above FAO 

permissible limits. A one way analysis of variance was used to test for statistical difference in 

concentration level at difference distances from dumpsite, and the results showed that variation 

was not observed in the quality of soils at different distance across the dumpsites at p>0.05, d = 

0.826. With p>0.05, d = 0.079, p>0.05, d = 0.0.084, p>0.05, d = 0.071 and p>0.05, d = 0.072 at 

two-tail at Igbatoro, Edema, Orire and Ado dumpsites respectively, there was no significant 

difference in soil quality between the two depths. There is need for the siting of a standard waste 

management facility and better waste disposal measures in view of the fact that the study area is 

progressively expanding in size and human activities. 
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1.0. Introduction  

In developing countries of the world, the impact of solid waste disposal on soil quality in 

urban centers is generating a growing interest. Ferronato and Torretta (2019) observed that 

open dumping of municipal solid waste, is a common practice in most developing countries, 

of which Nigeria is a part. These dumpsites have become a base for environmental pollution 

through waste burning in the open, ground and surface water pollution through leaching and 

run-off and the breeding of disease carrying vectors. Physical, chemical and biological 

processes that occur concurrently at municipal dumpsites result in waste decomposition, 

mostly anaerobically, which consequently leads to the generation of leachates and landfill 

gases. Studies have shown that dumpsites, on the flipside, have become an ideal site for 

farming activities because of the high organic fraction of most of the solid waste deposited. 

Nevertheless, other toxic contaminants obviate the need for this since most dumpsites do not 

have a proper waste segregation policy. Significant among these toxic contaminants are 

heavy metals which are released from disused batteries and other electronic components. 

These metals and poisonous substances deposited in the soil are absorbed by the crops and 

become bio-accumulated in the roots, stems, fruits, grains and leaves of the crops which may 

finally be transferred to man in the food chain. The resultant effect of man’s exposure to such 

metals include health related disorders such as blood and bone disorders, kidney damage and 

decreased mental capacity and neurological damage (Jaishankar et al., 2014; Rahimzadeh et 

al., 2017, Vongdala et al., 2019; Engwa et al., 2019). In Nigeria, the preservation of soil 

quality to ensure sustainability of environmental and terrestrial resources has become a 

challenge and consequently the focus of environmental and scientific research. Ogbonna et 

al. (2007) observed that population explosion and urbanization have increased the quantities 

and types of solid wastes produced, thus many cities have developed without appropriate 

planning and this has led to the presence of illegal dumps in all areas in such cities including 

residential areas. Consequently, such waste dumps reduce the aesthetic value of the 

surrounding environment, result in deterioration of the urban environment as well as 

contaminate natural resources (Sall et al., 2020). 
 

Akure metropolis was selected as one of the eleven (11) cities targeted for the millennium 

development programme of the United Nations. A report published by the Federal 

Government of Nigeria (2013) on the progress of the programme identified several 

constraints to achieving environmental sustainability in the Millennium Development Cities. 

It admitted that progress in achieving the established goal of ensuring environmental 

sustainability was slow and that steps would be taken to strengthen existing national 

institution mechanisms and to improve environmental data collection and reporting for more 

efficient and objective future assessments and interventions. The specific areas of 

intervention identified were: land degradation, soil erosion and waste management. In this 

regard, the need for current data on the state of the quality of the soil resource in urban 

centers as a result of solid waste disposal practices can therefore not be overemphasized. 

Several studies have been carried out on the impact of solid waste on soil physico-chemical 

characteristics with the focus on heavy metal concentration in soils around waste dumpsites. 

These studies have provided information on the present conditions of soils in urban centres 
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with a view to raising awareness on the need to adopt better solid waste management 

strategies in urban centers to maintain soil quality, preserve ecosystem balance and ensure 

environmental quality (Afon, and  Okewole, 2007;  Adekola et al., 2018., Mbah  et al., 2019., 

Adekola et al., 2021). In addition, few studies have been carried out on the impact of solid 

waste on soil quality within the Akure municipality. They include Oviasogie et al. (2009); 

Anietie and Lajide, (2015), Ogundiran and Olanipekun, (2019); Igbinadolor et al., (2019); 

Jerumeh et al., (2022). These studies, however, recommended the need for periodic 

monitoring and evaluation of soil quality in Akure. Therefore, this study is focused on 

evaluating the impact of solid waste on soil quality by examining the variation in soil 

properties at selected waste dumpsites and a control site (relatively natural vegetation) in the 

Akure metropolis, using physico-chemical and heavy content analysis. 

 
 

2.0.Materials and Methods 

2.1. Study Area  
 

The study area is Akure metropolis, a medium-sized urban centre and capital of Ondo State, 

one of the thirty six states of Nigeria. It lies approximately between Latitude 7010’5.35”N and 

7018’56.77’’N and Longitude 507’23.21”E and 5022’35.48”E (Figure 1). The study area has 

an area of about 2,303km2 situated within the western upland area (Fasinmirin and 

Oguntuase, 2008).  Over the years, the population of Akure has been increasing tremendously 

since it started to enjoy the status of both state capital and local government headquarters. 

Since 1999, the study area has continued to experience significant population expansion as a 

result of rural-urban migration, and migration from the other parts of the country. While the 

2006 census puts the population of Akure at 324, 00000, it is projected that the population 

will increase to about 1.8 million people by 2015 (NPC, 2009).The projected figure was 

expected to result from the impact of industrial growth. Akure was an agrarian community 

before its status changed; many of its citizens were farmers producing cocoa, timber and 

rubber.  Nonetheless, the new status reduced the dominance of the city by its original 

indigenes who were predominantly farmers, with government officials, businessmen and 

artisans now holding influence (Oloruntade et al., 2013). A large proportion of people in 

Akure engage in secondary and tertiary activities such as administration, banking, teaching, 

farming, barbing, auto mechanics, transportation and saw milling etc. Quite a number of 

others are farmers growing cash and food crops. 
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Figure 1: Akure City showing location of the sampled dumpsites. 

 

2.2.  .Sample Collection and Preparation 

The soil samples used for this study were collected in the year 2015 from four (4) different 

dumpsites in Akure Town. A control site was also selected for the collection of control 

samples. Table 1 shows that description of sampled dumpsites, depths and their geographical 

coordinates.  

 

Table 1: Sample collection points of selected dumpsites in Akure. 
Distance Igbatoro 

dumpsite 

Sample points & 

depth (cm) 

Edema dumpsite 

Sample points & 

depth (cm) 

Orire dumpsite 

Sample points 

& depth (cm) 

Ado 

dumpsite 

Sample points 

& depth (cm) 

Control 

site(Federal 

College of 

Agriculture 

Akure) 

Sample points 

& depth (cm) 

Base of 

dumpsite 

0-15 

15-30 

0-15 

15-30 

0-15 

15-30 

0-15 

15-30 

0-15 

15-30 
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20m from base 0-15 

15-30 

0-15 

15-30 

0-15 

15-30  

0-15 

15-30 

 

50m from 

dumpsite 

0-15 

15-30 

0-15 

15-30 

0-15 

15-30 

0-15 

15-30 

 

GPS location 

for each 

dumpsite. 

N70.13.1451 

.E50.14.3203I 

 

N70. 15.3064I   , 

E50.12.5262I 

 

N70 .14.8761I  , 

E50.9.3991I 

 

-N70  .17.3313I  

,E50  .13.6I56I 

 

 

 

Soil samples were collected with the aid of a soil auger at a depth of 0-15cm (top soil) and 

15-30cm (sub-soil). Samples were collected from these depths because they provide the bulk 

of plant nutrients. They are also the zones of active changes in soil during cropping and root 

plants are concentrated within these depths (Ogidiolu, 1998). From each of the selected 

dumpsites, soil samples were collected at 3 sampling points i.e. at the base of the dumpsite, 

20m from the base (to determine the level of contamination within the dumpsite) and 50m 

away from the dumpsite (to determine the impact of soil contamination away from the 

dumpsite). Five (5) samples were collected from each dumpsite at different depths and 

distance and 2 samples from a control point (at different for each depth). The control site was 

established at the Federal college of Agriculture, Akure. Thus a total of 22 samples were 

collected for the study. The collected soil samples were carefully transferred into black high 

density polyethylene bags, properly labelled and transported to the laboratory. Samples were 

analyised for pH, Electrical Conductivity, SOM, Soil Organic Carbon, NO3-, Na+, K+, PO4
3-, 

Fe, Mn, Zn, Ca2+ and ECEC. 

2.3.  Laboratory Analysis 

Each soil sample was thoroughly mixed, air dried and sieved through a 2 mm sieve and 

stored in sealed polythene bags for analysis of physicochemical parameters and heavy metal 

content. The results of the analysis of the soil samples from the selected dumpsites were 

compared with the results of the samples from the control site to determine the variation and 

the level of contamination of the soil. 
 

2.3.1.  Determination of pH: 

The pH reading was obtained with the aid of an Hanna microprocessor pH multimeter   was 

earlier standardised with buffer 4.0, 7.0 and 9.0.Twenty (20) grams of the fresh soil sample 

was weighed into a 100 ml glass beaker. Twenty (20) milliliters of sterile distilled water was 

added and the suspension was stirred continuously for 30 minutes. The mixture was allowed 

to stand for another 30minutes undisturbed. A Hanna microprocessor pH meter was dipped 

into the solution and steady readings noted (Kalra and Maynard, 1991).  

2.3.2.  Electrical Conductivity: 

Twenty (20) grams of the fresh soil sample was weighed into a 100 ml glass beaker. Twenty 

(20) milliliters of sterile distilled water was added and the suspension was stirred 

continuously for 30 minutes. The mixture was allowed to stand for another 30minutes 

undisturbed. A Digital Conductivity Meter (Labtech) was used in determining soil 

conductivity by dipping the sensitive rod into the mixture and a steady reading taken. 

Calculation: 



Ezemonye, M.N; Ogbomida, E.T; Emeribe C.N; Egharegbemi, O.O; and Emeribe, O.F, Journal of Engineering 

for Development, Vol. 14(3), September (2022) pp. 19-38 

24 
 

Oven dry soil (g)  =  W3 –  W1 

Moisture (g)  =  W2 –  W3 

Water content (% by weight) = moisture×100%

Oven dried soil (g)
      (1) 

2.3.3.  Total Organic Carbon Content: 
 

Air dried soil was passed through a 2 mm sieve in other to remove large particles, roots, 

organic debris and ensure for consistency. These soil samples were used for both carbon and 

nitrogen analyses. A weighed amount (1.0g) of prepared soil sample was dispensed into a 250 

ml conical flask. Ten (10) mls of Normal Potassium dichromate was added to the flask 

followed by the addition of 20 ml of concentrated tetraoxosulphate (VI) acid. The flask was 

shaken for 1 minute and allowed to cool. Distilled water was then added to the cold solution 

to make the volume up to 150 ml. This solution was shaken and allowed to cool. Ten (10) ml 

of phosphoric acid was added to the solution followed by the pipetting of 1ml of 1% 

diphenylamine solution (indicator). Titration with 0.5 Ferrous Ammonium Sulphate solutions 

was done until there was colour change from dark violet to green. A blank determination was 

done for each soil sample (Onyeonwu, 2000). 

Calculation 

Blank − Sample × Normality of Ferrous Ammonium Sulphate × 0.03 × 1.3 × 100

Weight of Sample
   (2) 

 

2.3.4.  Determination of Organic Matter: 

5g of the processed soil was further ground using a mortar and pestle to pass a 0.5mm sieve. 

0.50g soil samples from this portion were weighed in duplicates and transferred to 250ml 

Erlenmeyer flask. 10ml of 0.166M K2Cr2O7 solution was pipetted into each flask and swirled 

gently to disperse the soil. 2ml of concentrated H2SO4 was rapidly added using an automatic 

pipette, directing the stream into the suspension. The flasks were immediately swirled gently 

until soil and reagents were mixed and later allowed to stand on asbestos sheets for 30 

minutes, after which 100ml of distilled water was introduced into the flasks. Three drops of 

ortho-phenanthroline-ferous sulphate (0.025 M) indicator was added and content titrated with 

0.5M Iron (II) tetraoxosulphate (IV). As the end point was approached, the solution took on a 

greenish cast and then changed to dark green. At this point, the FeSO4 was added drop-wise 

until the colour changed sharply from blue to red (maroon colour) in reflected light against a 

white background. 

The blank titration was carried out in the same manner but without the soil samples, to 

standardize the K2Cr2O7. 

Calculation: 

%C in soil = M × 𝑉1 − 𝑉2         (3) 

Wt. of soil sample (g) 

Where, M = Molarity of the FeSO4 

                Vi        = Volume of FeSO4 required for the blank (ml) 
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                 V2        = Volume of FeSO4 required for the sample (ml)  

                 0.39     = 3x10-3 x 100x1.3, 

Where 3 is the equivalent weight of C and 1.3 is the factor based on the assumption that there 

is 77% recovery. 

Organic matter (%)  =  Organic C (%) x 1.724. 
 

2.3.5.  Available Phosphorus Content: 

Five (5) grams of the soil sample was weighed and dispensed into plastic bottle. Forty (40) 

milliliters of the extracting solution (0.03M NH4F in 0.025 M HCl) was added and the bottle 

was shaken for 1 minute. The solution was filtered with the aid of a Whatman filter paper No 

42. The clear supernatant was used for determining the phosphorus content of the respective 

soil samples. Five (5) milliliters of the supernatant was pipetted into a 100 ml flask. The pH 

of the supernatant was adjusted to 5 respectively by the addition of 3 drops of p-nitrophenol, 

and upon the development of yellow colour, some drops of 2 M NH4OH were added until a 

deep yellow colour was developed. Also, 2 M HCl was added drop wise until the supernatant 

became colourless. (The resultant pH was between 3 and 5). Thirty (3) milliliters of water 

was added, followed by the addition of 10 ml of ascorbic acid reagent. The absorbance of the 

solution was read at 660 nm using a spectrophotometer (Onyeonwu, 2000). 

Calculation;  

P (mg/kg) = Instrument reading × Colour volume × Extract volume

Weight of sample × aliquot taken
       (4) 

2.3.6.  Determination of Na, Mg, K, Ca:  

Five (5) grams of air dried soil was weighed into a plastic bottle. One hundred (100) 

milliliters of neutral 1 M ammonium acetate was then added to the soil and the mixture was 

shaken with the aid of a mechanical shaker for 30 minutes. The mixture was filtered using a 

No 42 Whatman filter paper into a 100 ml volumetric flask. The filtrate was made up to mark 

with the acetate. Stock working standards 0,2,4,6,8 and 10 ppm were prepared for sodium, 

potassium, calcium  and magnesium using 2.54g of oven dried sodium chloride, 100 ml of 

ammonium acetate, 1.9067 g oven dried potassium chloride, 0.5004g of calcium carbonate (at 

1050C) in 5 ml of hydrochloric acid and 0.1216 g of magnesium turning in volume of 6 M 

hydrochloric acid.  

Calculation 

Ca (Meq/100g) =  Instrument reading  × 100

Weight of sample ×  Eq.wt.
       (5) 

K (Meq/ 100g) = Instrument reading × 100

Weight of sample ×  Eq.wt.
       (6) 

Mg (Meq/ 100 g) = Instrument reading × 100

Weight of sample ×  Eq.wt.
       (7) 

Na (Meq/ 100 g) = Instrument reading × 100

Weight of sample ×  Eq.wt.
       (8) 
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2.3.7.  Nitrate Determination: 

Ten milliliter of digest was transfer into fifty milliliter flask, two milliliter of brucine and ten 

milliliter of concentrated sulphuric acid were added. The mixture was mixed and allowed to 

stand for ten minutes. Stock working standards of 0, 2, 4, 6, 8 and 10 ppm were prepared and 

treated in similar way. The optical density (OD) of the samples and standard were taken at 

470nm (Onyeonwu 2000). 

Calculation; 

NO3 (mg/kg) =   OD x SR x Colour Vol x Ext.vol

Weight of sample x Vol.taken
       (9) 

2.4. Minerals (Metals) Analyses: 

The soil sample was spread on a clean plastic sheet placed on a flat surface and air dried 

under room condition for 72hrs. The soil was sieved and 5g sample was taken from the 

sieved soil and put in a beaker. Ten (10) ml of nitric perchloric acid, ratio 2:1 was added to 

the sample. The sample was digested at 105oC. 5ml of HCl was added to the digester again 

and digested for 30mins. The digest was then removed from the digester and allowed to cool 

to room temperature. The cooled digest was washed into a 100ml standard volumetric flask 

and was made up to 100ml mark with distilled water. Determination of Iron (Fe), Manganese 

(Mn) and Zinc (Zn) were done by aspirating the solution for (analyzed) each metal analysis 

into the Atomic Absorption Spectrometer (ASS) PG 550 model (Adelekan and Abegunde, 

2011).  

2.5. Statistical Analysis 

Descriptive and analysis of variance statistics were employed to compute descriptive 

statistics and statistical differences in concentration levels of physicochemical parameters at 

difference distances from the dumpsites. Charts were used to present the results of the 

laboratory analysis of the soil samples collected. Specifically, a One-way Analysis of 

Variance (ANOVA) was used to determine significant variation of soil quality among the 

selected dumpsites at depths of 0-15cm and 15-30cm. The pair wise t-test was used to 

examine the significant difference of soil quality between 0-15cm and 15-30cm depths in 

each of the selected dumpsites.  

3.0.  Results and Discussion  

Mean results of soil quality around sampled dumpsites are presented beblow. Mean values 

were computed as sum of samples collected at the base of the dumpsite, 20m from the base  

and 50m away from the dumpsite. The pH of the soil is slightly acidic with average ranging 

from 5.16 – 5.53 which was observed across the sampled location at depth 0 – 15cm and 15 – 

30cm respectively, although a value of 5.93 and 5.14 was recorded in the control at depth 0 – 

15cm and 15 – 30cm (Fig 2). The study showed that the pH level recorded from all the 

dumpsite were in tandem with the Federal Environmental Protection Agency (FEPA) and 

World Health Organization (WHO) regulatory standards of 7.00 respectively. In this work, 

the pH values of soil samples investigated fall within the moderately acidic region which is 
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different from a similar study carried out in Addis Ababa city of Ethiopia (Hunachew and 

Sandip, 2011) where the pH values fall within the basic region. Moreover, there is no definite 

trend for the parameters analyzed for the soil samples from the surface downward. It is 

expected that the concentrations of heavy metals will decrease downward in the soil profile if 

sorption, natural attenuation, dilution and chemical transformation occur (Okoronkwo et al. 

2006). However, the pH values as seen in Figure 2 for both surface and subsurface soils in all 

the dumpsites indicate that the soils are generally or moderately acidic as their values are less 

than 5.5 and these ranges are not within the pH value (6.5 – 8.5) required for most crop 

production (Offord et al., 2014; Jiang, et al., 2017). The major effect of soil acidification on 

plants include the reduction in nutrient supply, increased concentration of metal ions in 

solution, especially of aluminum, copper and manganese, which maybe toxic while nitrogen 

fixation by legumes may be reduced unless the Rhizobium strain is acid tolerant  (Dorraji 

et.al., 2010; Jiang, et al., 2017). However, the pH value range suggests the soil’s suitability as 

landfill for wastes rich in heavy metal given their mobility would not be supported by pH 

range. This is because most of them will be in insoluble form and as a result are unavailable 

to the environment. This pH range is adequate for the growth of a wide range of plants as 

only at about pH values below 4.2 that the H+ ions in the soil can stop or even reverse cation 

uptake by roots (Gentili et al., 2018). Furthermore, Gebeyaw (2007) reports that the high 

acidic status in the different land uses may be due to their highest microbial oxidation that 

produces organic acids, which provides H+ ions to the soil and thereby lowers soil pH. 

According to Tan (2005), some available nutrients are deficient if soil pH is below 6.0.  

 

 

 

 

 

 

Electrical conductivity (μs/cm) had mean values of 771 μs/cm, 442 μs/cm, 359.33 μs/cm, 

317.33 μs/cm respectively in 0 – 15cm surface soil level for Igbatoro, Edema, Orire, and Ado 

dumpsite as against 248μS/cm recorded in the control. While for subsurface soil depth 15 – 

30cm the values recorded were 503.66 μs/cm, 365.66 μs/cm, 453.66μs/cm as against 

232μs/cm recorded in the control site as represented in Figure 3. There was no regular 

progression with depth and these values are higher than the values obtained in the control 

samples. Similar range of values has been reported (Osakwe, 2012; Badejo et al. 2013). 

However these values are higher than the values reported by Obasi, et al. 2013. The 

0

200

400

600

800

Igbatoro Edema Orire Ado Control

EC
 (

u
S/

cm
)

0-15cm 15-30cm

4.6

4.8

5

5.2

5.4

5.6

5.8

6

Igbatoro Edema Orire Ado Control

p
H

0-15cm 15-30cm

Figure 2: Mean Soil pH at dumpsites and Control in 

Akure at 0 – 15cm and 15 – 30cm depth 

 

Figure 3: Mean Electrical Conductivity at dumpsites 

and Control in Akure at 0 – 15cm and 15 – 30cm depth. 
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implication of high electrical conductivity in soils is that there is reasonable or significant 

presence of ions (Ortiz et al., 2009). The observed electrical conductivity values could be 

attributed to the reactions between some spilled acids from batteries and some metals from 

vehicle scraps leading to formation of some soluble and ionizable inorganic salts in the soil. 

Figure 4 shows variation in organic matter with mean concentration varying from high values 

of 11.82 to 9.69% at the Igbatoro dumpsite at 0 – 15cm and 15 – 30cm to lowest values at 

Ado dumpsite with mean levels of 4.47and 6.40%  for 0 – 15cm and 15 – 30cm  respectively.   

Mean concentration of 6.23 and 5.15% Edema dumpsite was recorded. The Orire dumpsite 

had mean level of 5.96% and 10.2 % at both surface and subsurface levels respectively, 

suggesting an increase in soil organic matter at both depths in the two dumpsites. The 

percentage Organic Matter (% OM) values for all the sampling points including the control 

site are above the average level of 3% for tropical soil according to FAO (2004) standard. A 

high content of organic matter within the landfill favors an increase in moisture content, 

water holding capacity and permeability (Ibitoye, 2001). This observation was somewhat 

higher than the mean concentration recorded at the control site at both surface and subsurface 

soil level.  

   

 

 

 

 

 

 

The values observed in the surface and subsurface soil in both control and the various 

sampled dumpsite were generally low as Agbeshie et al., (2020) stated that the best 

availability of soil organic matter in the soil is 10% and above. According to Gbadegesin et 

al. (2011), such soils with high sand content will indeed have weak surface aggregation and 

may lack absorptive capacity for basic soil nutrients. This study conforms to earlier reports of 

Gebayaw (2007) for sandy loam in Maybar, North Ethiopia. Tiessen et al. (2003) observes 

that rapid decline in soil organic matter content, cation exchange capacity and exchangeable 

cations was related to accelerated soil erosion in relation to soil type. High organic matter 

discovered around wastes dump favours increased MC, WHC and permeability (Ibitoye, 

2001). The frequent addition of easily decomposable organic residues caused the synthesis of 

complex organic compounds that bind soil particles into structural units called aggregates. 

These aggregates help to maintain a loose open, granular condition (Akinbile et. al 2016). 

Water is then able to enter and percolatedownward through the soil with pollutant (Shepherd 
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Figure 5: Mean Soil Organic Carbon contents at 

dumpsites and Control in Akure at 0 – 15cm and 15 – 

30cm depth 
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et al., 2002 and Ibitoye, 2001). In Fig 5.,  the mean values for organic carbon present in the 

dumpsites and the control location is shown.The organic carbon was relatively low,although a 

value of 6.88% was recorded at Igbatoro dumpsite with depth 0-15cm and 5.92 % at Orire 

dumpsite (15-30cm) respectively as against 2.03% and 1.90% recorded in the control site at 

depth of 0-15cm and 15-30cm,and this may  be attributed to low riding factors in genesis of 

soil organic matters and partly due to the sandy nature of the soil. Figs. 6, 7 and 8 shows the 

mean values for Nitrate, Sodium and Potasium content both in the control site and the various 

sampled dumpsites at surface and subsurface soil (0 – 15cm and 15 – 30cm). Nitrate was 

highest in Igbatoro dumpsite with mean levels of 16.96 and 11.07mg/kg at 0 – 15cm and 15 – 

30cm depths. Edema dumpsite had mean concentration of 9.72 and 8.04mg/kg. For the entire 

dumpsite, concentrations were higher than levels at the control point (Figure 6). 
 

Sodium levels were 54.74 mg/kg, 31.36 mg/kg, 25.50 mg/kg and 22.52 mg/kg at Igbatoro, 

Edema, Orire and Ado respectively at soil depth 0 – 15cm and 35.74 mg/kg, 25.93 mg/kg, 

37.73 mg/kg and 32.22 mg/kg at 15 – 30cm depth respectively. Sodium level was generally 

above level observed at the control point (Figure 7).  Bada et al. (2008) reported that abandoned 

waste dumpsites were high in soil nutrient. The OC, exchangeable cations; Na, K, Mg and Ca were 

also present in large quantities, which might be attributed to why we have variable nutrients within 

the soil in this study; even though they were within the permissible WHO standard. In a similar study, 

Anikwe and Nwobodo (2002) reported high levels of soil organic matter, nitrogen, Na, Ca, Mg and 

Kin an Abaliki dumpsite in relation to those of control. According to Imran et al., , (2010) and 

Ehsan et al., (2010) high sodium levels are not considerable suitable for both plants and 

animals. High concentration of sodium in soil detrimental effects on plants as it causes ionic 

toxicity and imbalance in the Na+/K+, Na+/Ca2+, Na+/Mg2+ and may cause salt injury to 

plants. Physiologically, it also helps osmo-regulations, heat expansion and may act as 

potassium constituent (Muhammed et al. 2010).  Potassium was highest at Igbatoro dumpsite 

with mean value 33.9 mg/kg (0-15cm) and 22.15 mg/kg (15cm -30cm). All the dumpsites 

recorded values higher than levels in the control site (Fig 8).  Potassium is an essential 

nutrient for plant growth and low potassium concentration might be due to the competition 

with calcium and magnesium on the sites with relevance to the cation exchange and this 

affects plant growth (Xu et al., 2020). Potassium is an enzyme activator that increases 

photosynthesis; its availability and leaching have become a limiting factor for crop 

production (Chen et al., 2015).  
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Figure6: Mean NO3- mg/kg at dumpsites and Control in 

Akure at 0 – 15cm and 15 – 30cm depth 

 

Figure7: Mean Na+ mg/kg at dumpsites and Control in 

Akure at 0 – 15cm and 15 – 30cm depth 
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Mean Phosphate of soils at sampled dumspites were 23.13 mg/kg, 13.25 mg/kg, 10.78 mg/kg 

and 9.52 mg/kg in Igbatoro, Edema, Orire and Ado dumpsites respectively with a control of 

7.44mg/kg at surface soil (depth 0 – 15cm) and 15.107 mg/kg, 10.967 mg/kg, 15.943 mg/kg 

and 13.617 mg/kg at the stated dumpsite with a control of 6.95mg/kg at subsurface soil 

(depth 15 – 30cm) (Fig 9). 

 

 

 

 

 

 

 

 

 

 

Mean concentrations of Fe was highest at Igbotoro dumpsite with mean values of 161.9 

mg/kg  (0-15cm) and 105.73 (15 – 30cm) Lowest levels were found at Ado dumpsite. These 

results, although are within the natural limit, were significantly higher than value of 4.96 and 

4.63 mg/kg that was determined in the control point. The natural range for Fe in soil is 

between 3000 – 500,000 mg/kg (Eddy et al. 2006). This finding is in line with Fe ranges 

suggested by Amarcher et al.(2007), for the soils of Okodobo, in which the control and the 

sampled site are moderate (0.1 – 10 mg/kg) in Fe content. The moderate level in soil 

according to Amarche et al. (2007) may be due to the acidic levels of the soils. Furthermore, 

he noted that Fe is more available at low pH. This is also true in this study. The Igbatoro 

Dumpsite has the least pH at both surface soil (0 – 15cm) and subsurface soil (15 – 30cm) 

and also had the highest mean value of Fe in both soil depths (Figure 10). Eddy et al. (2004) 

suggested that the pollution of the environment by iron cannot be conclusively linked to 

waste materials alone but other natural sources of iron must be taken into consideration. Mn 

levels were highest at 15cm – 30cm depths Igbatoro and Edema dumpsites with highest levels 

in Igbatoro as 16.19 mg/kg (0-15cm) and 10.6 mg/kg (15cm -30cm). The values obtained for 

all the dumpsites at different levels were higher than levels in the control (Figure 11). These 

values are high according to the classification of soil Mn as per the ranges (1 – 10 mg/kg) 

suggested by Amarcher et al, (2007). Akaeze (2001) in Akwa Ibom presented results that 

were relatively higher compared to the one obtained in this study. These variations may be 

attributed to the nature and compositions of wastes in the study area.  
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Figure 8: Mean K+ mg/kg at dumpsites and Control in Akure at 

0 – 15cm and 15 – 30cm depth 
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At 0-15cm depth mean Zn levels were 22.7 mg/kg, 18.9 mg/kg, 15.4 mg/kg and 13.6 mg/kg 

at Igbatoro, Edema, Orire and Ado dumpsites respectively. At 15cm -30cm depth 

concentration levels were 11.1 mg/kg, 8.0 mg/kg, 11.7 mg/kg and 9.9 mg/kg at Igbatoro, 

Edema, Orire and Ado dumpsites respectively (Fig 12). The concentrations of Zn2+ in the 

sampled dumpsite were all higher than levels at the control point. The natural range of zinc is 

10 – 300mg/kg as reported by Eddy et al. (2004). Thus, for most part of the study area, the 

concentrations of zinc were within the natural range of zinc. Aluko et al. (2003) reported that 

the mean concentration of zinc in soils at some dumpsites in Ibadan ranged from 1.423 - 

2.428 mg/kg. According to the work done by Amarcher et al., (2007), the levels of Zn of the 

sampled location between the 0 – 15cm surface and 15 – 30cm subsurface soil levels did not 

qualify for the low range (<1 mg.kg). Brady and Weil (2007) noted that this trace element 

deficiency is due to the parent materials of the soils, erosion and leaching in sandy soils. 
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Figure 10: Mean Fe concentration at dumpsites and 

Control in Akure at 0 – 15cm and 15 – 30cm depth 

 

Figure 11: Mean Manganese concentration at dumpsites and 

Control in Akure at 0 – 15cm and 15 – 30cm depth 

 

Figure 12: Mean Zinc concentration at dumpsites and 

Control in Akure at 0 – 15cm and 15 – 30cm depth 

 

Figure 13: Mean Ca2+concentration at dumpsites and 

Control in Akure at 0 – 15cm and 15 – 30cm depth 
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Mean levels of calcium was highest at 0-15cm depth at Igbatoro dumpsite with mean value of 

16.9 mg/kg. This was followed by mean level at Edeme dumpsite, 9.7 mg/kg (surface level). 

Lowest level was found at Ado dumpsite 6.9 mg/kg (0-15cm). At subsurface level, Orire 

recorded highest mean level of 11.7 mg/kg, followed by Igbatoro with meanl value of 11.1 

mg/kg. All values reported were higher than the mean value determined in the control as 

shown in figure 13. Ca deposit in the study area may be associated with calcium rich parent 

material of the study area. Similarly, Agbeshie et al., (2020) reports that the low values of 

ECEC and pH values in the study area is also responsible for calcium (Ca) deficiency in soils. 

The mean values of effective cation exchange capacity (ECEC) observed in surface and 

subsurface soil showed that across the dumpsite ECEC values range from 10.35 meg/100g to 

25.18 meg/100g observed in Ado and Igbatoro dumpsite respectively as against 8.10 

meg/100g observed in the control site (Fig 14). At subsurface soil level mean concentration 

ranged from 11.93 meg/100g to 17.36 meg/100g at the Edema and Orire dumpsite 

respectively. The values were observed to be higher than 7.56 meg/100g mean concentration 

recorded at the control site. Olsson et al., (2005) in his study indicated that ECEC is limited 

in acidic soils.  Similarly, Copper (1997) suggested that soils with high clay or organic matter 

content will have higher ECEC than soils with low organic matter or sandy soils. Amarcher et 

al. (2007) in his findings concluded that ECEC depends on pH, since the number of variable 

negative charges increases with pH. It is without doubt that both clay and colloidal SOM 

have the ability to absorb and hold positively charged ions. Thus, the high clay and soil 

organic matter contents of soil in the study area may be responsible for the value of ECEC. 

Cation Exchange Capacity (CEC) being a measure of nutrient retention in soil is primarily 

determined by soil texture. The soil in the various dumpsites as observed in the study are 

predominantly sandy soils which according to Sam-Uroupa, and Ogbeibu (2020) tend to have 

a lower CEC. However, significant higher concentration of exchangeable cations associated 

with organic wastes in agricultural and urban soils was reported by Anikwe and Nwobodo 

(2002). Long et al., (2011) observed that losses of soil nutrients by leaching appear to be 

more serious on soil whose surface is almost devoid of under-growths. 

 
Figure 14: ECEC at dumpsites and Control in Akure at 0 – 15cm and 15 – 30cm depth 

 

Table 2 – 3 present the descriptive statistics of mean soil quality parameters at different 

depths across the sampled dumpsites and in comparison with FAO permissible limits for soil. 
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It can be seen that some of the chemical parameters were above FAO permissible limits for a 

polluted soil. Similarly, variation was not observed in the quality of soils at different distance 

from the dumpsites at p>0.05, d = 0.826 (Table 4). This finding can be attributed to the nature 

of waste generated in the city which is largely domestic with similar physico chemical 

compositions and characteristics. The fact that soil quality at different distance did not show 

statistical variation may be attributed to the nature of waste generated in the city which is 

largely domestic with similar physico chemical compositions and characteristics and coupled 

with the topography and soil properties such as water holding capacity and permeability of 

soils around the dumpsite. For example Schoonover and Crim (2015) found that soils with a 

higher amount of organic matter and/or a large percentage of micropores (e.g., fine-textured 

soils like clays) generally have a higher water holding capacity and encourage movement of 

elements and nutrients.  This is a typical of the soil nature of the study area with organic 

contents above the average level of 3% for tropical soil FAO (2004). According to Vogel 

(2008) such soil increases the rate of water flow and the ease with which water is transmitted 

through soil, termed saturated hydraulic conductivity, which is governed by pore size 

distribution and tortuosity of flow paths. 

Table 2: Descriptive statistics of mean soil parameters at 0-15cm depth across sampled 

dumpsites and FAO standard 
 Mean of all 

sample 

dumpsites  

FAO 

 
SD SE Sample 

variance 

No of 

locations 

pH 5.5 6.5-8.5 0.23 0.10 0.055 5 

EC(uS/cm) 427.5 300-500 204.5 91.4 41801.5 5 

NO3
-(mg/kg) 9.40 - 4.49 2.01 20.23 5 

PO4
3-(mg/kg) 12.8 10-20 6.13 2.74 37.6 5 

Na+(mg/kg) 30.34 0.3-0.5 14.52 6.49 210.7 5 

K+(mg/kg) 18.80 0.3-0.5 8.99 4.02 80.9 5 

Ca2+(mg/kg) 9.4 10-50 4.49 2.01 20.23 5 

Fe3+(mg/kg) 48.35 - 65.03 29.08 422.9 5 

Zn2+(mg/kg) 16.29 - 4.69 2.10 22.06 5 

Mn2+(mg/kg) 8.97 <5 4.29 1.92 18.4 5 

Org. Carbon (%) 3.72 - 1.88 0.84 3.54 5 

Org. Matter (%) 6.39 3 3.23 1.44 10.44 5 

ECEC(meg/100g) 13.96 - 6.67 2.98 44.6 5 
 

Table 3: Descriptive statistics of mean soil parameters at 15-30cm depth across sampled 

dumpsites and FAO standard 

 Mean of all 

sample 

dumpsites  

FAO 

 
SD SE Sample 

variance 

No of 

locations 

pH 5.32 6.5-8.5 0.17 0.077 0.029 5 

EC(uS/cm) 417.3 300-500 121.2 54.2 14696.8 5 

NO3
-(mg/kg) 9.17 - 2.66 1.19 7.12 5 

PO4
3-(mg/kg) 12.51 10-20 3.64 1.62 13.26 5 

Na+(mg/kg) 29.61 0.3-0.5 8.62 3.85 74.32 5 

K+(mg/kg) 18.35 0.3-0.5 5.34 2.38 28.53 5 

Ca2+(mg/kg) 9.17 10-50 2.66 1.19 7.12 5 

Fe3+(mg/kg) 48.8 - 39.38 17.61 1558.0 5 
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Zn2+(mg/kg) 17.94 - 5.22 2.33 27.25 5 

Mn2+(mg/kg) 8.76 <5 2.55 1.44 6.51 5 

Org. Carbon (%) 4.03 - 1.72 0.77 2.97 5 

Org. Matter (%) 6.94 3 2.96 1.32 8.78 5 

ECEC(meg/100g) 13.6 - 3.96 1.77 15.74 5 
 

Table 4: Single Factor ANOVA for variation in mean soil parameters at distance across 

sampled dumpsites (Igbatoro, Edema, Orire and Ado dumpsites) 

Distance from 

dumpsite  

Mean of 

dumpsites 

SD SE No of 

parameters  

ANOVA p-

value 

Base of dumpsite 74.6 172.4 47.8 13 

0.826 

20 m from 

dumpsite 

43.5 108.6 30.12 13 

50 m from 

dumpsite  

49.4 119.7 33.18 13 

 

The pair wise t-test analysis was used to show the significant difference in soil quality 

between 0-15cm and 15-30csm depth in each of the selected dumpsite at the different 

sampling points. With p>0.05, d = 0.079, p>0.05, d = 0.0.084, p>0.05, d = 0.071 and p>0.05, 

d = 0.072 at two-tail, there is no significant difference in soil quality between the two depths 

in each of the selected dumpsites (Table 5).The negligible difference in soil quality observed 

between the two depths can be to the normal soil stratification of the study area which is 

principally sedimentary in nature, with the topmost layer being humus. Brady and Weil 

(2007) states that for many unplowed soils, nutrients are stratified in contrasting layers and 

this statement is corroborated by the finding of Olotu (2014) which showed that in unplowed 

soils, soil texture is basically uniform within the first two hundred centimeters (200 cm). This 

also agreed with the findings of Moura et al., (2009); Zhang et al., (2007). 

Table 5: Students’-test comparing the variation in soil physico-chemical quality between 0-15cm 

and 15cm-30cm 
dumpsite Depth  Mean Obs df t Stat P(T<=t) 

one-tail 

t Crit 

one-tail 

P(T<=t) 

two-tail 

t Critical 

two-tail 

Igbatoro 0-15cm 89.3 13 
12 1.49 0.079 1.78 0.159 2.17 

15-30cm 59.5 13 

Edema 0-15cm 47.7 13 
12 1.46 0.084 1.78 0.16 2.17 

15-30cm 39.34 13 

Orire 0-15cm 39.2 13 
12 1.57 0.071 1.78 0.14 2.17 

15-30cm 59.5 13 

Ado 0-15cm 48.9 13 
12 1.56 0.072 1.78 0.14 2.17 

 15-30cm 47.7 13 

 

4.0 Conclusion and Recommendations  

The study was conducted to ascertain the impacts of solid waste dumpsites on the 

physicochemical quality of soil in Akure; Ondo State. Sampled dumpsites were Igbatoro, 

Edema, Orire and Ado dumpsites.  For all the dumpsites, mean concentrations pH, Electrical 

Conductivity, SOM, Soil Organic Carbon, NO3-, Na+, K+, PO4
3-, Fe, Mn, Zn, Ca2+, ECEC were 

higher than levels observed at control site, an indication of potential impact of dumpsite on 

soil quality. This effect was observed mostly at Igbatoro dumpsite with highest concentration 
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levels of samples physico-chemical parameters, followed by Edema. The pH of the soil was 

slightly acidic. Sodium, potassium, electrical conductivity, and Manganese were also above 

FAO permissible limits for agricultural crops. The fact that soil quality at different distance 

and between depths did not show statistical variation may be attributed to the nature of solid 

waste in the study area which is essentially domestic, coupled with topography and soil 

properties such as water holding capacity and permeability of soils around the dumpsite. 

There is need for the siting of a standard waste management facility and better waste disposal 

measures in view of the fact that the study area is progressively expanding in size and human 

activities. 
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