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Abstract- Characterization of physical and chemical properties 

of soil from three municipal solid waste dump sites was 

conducted in Bayelsa State, Nigeria. Soil samples were collected  

from three (3) municipal solid waste dumpsites; Opolo (L1), 

Mechanic village (L2), and  Kpansia (L3), along side natural soil 

(control-P0) in triplicates. Physico-chemical properties and 

heavy metal contents of the experimental sites were examined. 

This study revealed that soil pH, total nitrogen, available 

phosphorus, organic carbon, magnesium, potassium, calcium, 

and electrical conductivity recorded higher contents (P< 0.05) at 

the dumpsites than the natural soil (control). Exchangeable 

acidity were lower at the dumpsites  than the natural soil, while 

heavy metals contents were higher at the dumpsites than the 

natural soil, however,  their proportions were within the 

permissible levels by WHO. Therefore, this study showed that the 

soil nutrient status and the general soil conditions  at the 

dumpsites were adequate for optimum agricultural productivity. 

Index Terms- Physical, Chemical, Soil, Dumpsites, Bayelsa 

State 

 

                            I.     INTRODUCTION 

oil  is regarded as a medium for plant growth and habitat for 

a variety of living organisms  as well as an important natural 

resource base for mineral elements needed for  plant growth and 

development 1. Urbanization, population growth, and 

socioeconomic development have brought increased 

accumulation of municipal solid waste together with complexity 

in management of these wastes 2. Municipal solid wastes are 

known to accumulate in tremendous proportion and cause 

unpleasant sites in some major cities in Nigeria. Further increase 

in the proportion of municipal solid wastes may be recorded in 

future due to increased population growth and economic 

potentials of urban centers 3;4;5. Soil quality is  a crucial factor to 

be considered for sustainable agriculture, hence, evaluation of 

soil properties around waste disposal sites becomes increasingly 

important. The factors influencing the composition of municipal 

solid wastes at any given time may include culture, affluence, 

and location 6. Management of municipal solid wastes has been 

shown to be dependent on the solid wastes characteristics such as 

moisture contents, particle size, chemical composition and 

density 6, thus, presenting difficulty in solid waste management 

in terms of economic and technical aspects 7. 

Several open municipal wastes dumpsites are available in 

Yenagoa, Bayelsa State, and are centrally managed by the  State 

Ministry of Environment. Therefore, this paper presents the 

evaluation of physical and chemical properties of soils within 

three (3) selected dumpsites and their comparison with those of 

the natural soil to assess the impact of pollution potential of open 

dumping on soil in the urban area of Yenagoa, Bayelsa State, 

Nigeria     

 

II. MATERIALS AND METHODS 

 

Study Area: The study was conducted at three (3) sampling 

municipal solid waste dumpsite along Opolo, Kpansia, and 

mechanic village road, Yenagoa, Bayelsa State, Nigeria. These 

dumpsites are used by the inhabitants for municipal solid waste 

disposal as Government authorized dumping sites, and usually 

evacuated by the environmental sanitation authority on regular 

bases.  The research area is in the tropical climatic zone of 

Nigeria with a mean maximum monthly temperature ranging 

from 26oC to 31oC. The state is geographically located within 

latitude 4Â°15′ North and latitude 5Â°23′ South. It is also within 

longitudes 5Â°22′ West and 6Â°45′ East 8;9.  

 

Collection of soil samples 
Soil samples were collected (0-15cm depth) from three (3) 

municipal solid waste dumpsites; Opolo (L1), Mechanic village 

(L2), and Kpansia (L3), along side natural soil, which served as 

Control (L0) in triplicates, giving a total of twelve (12) 

representative samples from both the waste dumpsite and the 

control soils. The samples were collected using an acid clean soil 

auger pack in a well labeled black polythene bag and taken to the 

laboratory for analysis.  

 

Analysis of soil samples 

The soil samples were air-dried at room temperature  for two (2) 

weeks and ground to pass through 2mm mesh sieve. The samples 

were then analyzed for both physical and chemical properties of 

the soil. Standard methods were used to analyze soil samples for 

physico-chemical properties 10. Particle size distribution analysis 
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was done by the Hydrometer method 11. Soil pH was measured in 

water at ratio 1:1 (soil: water) by glass electrode pH meter 11.  

Organic matter was determined by wet dichromate acid oxidation 

method  12. 

The cations  were extracted with 1 M ammonium acetate 

buffered at pH 7 to determine the cation exchange capacity 

(CEC).. 30 ml of 1 M CH3COONH4 was added to 5 g of soil. 

The suspension was shaken for 2 h and then centrifuged (15 min, 

6000 rpm). After centrifugation and filtration, the filtrate was 

transferred into a 100 ml flask and two other volumes of 30 ml 

ammonium acetate were added successively after 30 min of 

agitation and centrifugation. The final filtrates were completed to 

100 ml with ammonium acetate solution 

Calcium (Ca) and magnesium (Mg) were determined by EDTA 

titration while potassium (K) and sodium (Na) were determined 

by flame photometry. Exchangeable acidity (EA) was determined 

by titration method 13. The effective cation exchange capacity 

(ECEC) was calculated as the total exchangeable bases plus 

exchangeable acidity.  

 Available phosphorous (Av. P) was extracted with Bray solution 

11 and the phosphorous determined by the molybdenum method 

described by  14. The percent organic matter (%OM) was 

calculated from the percent organic carbon (OC%) measured 

using wet oxidation method 15. Total nitrogen (TN) was 

determined using the modified Kjeldahl distillation methods 13.  

 

Determination of heavy metal contents of soil 

One gram of each of the sieved soil samples was digested using 

the nitric/perchloric acid digestion procedure 16. The 

concentrations of heavy metals, Pb, Cr, Zn, Fe, Mn and Cd were 

determined using atomic absorption spectrophotometer (Unicam 

Solaar 32 model) following the standard procedures 17.  

 

Statistical analysis 

Values of mean data obtained from the replicate readings were  

used to calculate standard error and data were subjected to 

analysis of variance (ANOVA).The differences in the means 

were tested using Least Significant Difference (LSD) at 0.05 

level of probability 18. 
 

III. RESULTS AND DISCUSSION 

Higher values of pH were recorded at LI L2 and L3 dumpsites 

comparable to the control (L0). However, the pH values of L1 

and L3 were slightly alkaline, while that of L2 was slightly 

acidic. The mean pH values of soils at dumpsites ranged from 

7.43 (L1) to 7.69 (L3), and a relative lower value of 5.32 for L2, 

while the control (L0) had a pH value of 5.29 (Table 1). The 

slightly acidic nature of L2 dumpsite may be due to accumulation 

of used engine oil, and lubrication oil as well as other wastes 

usually generated from mechanic villages (vehicle repairs sites). 

Reduction in soil pH is one of the adverse impacts of crude oil 

contamination 19. Contamination of soil by petroleum oil  may 

also lead to  adverse effects such as, adsorption of oil to soil 

particles, generation of an excess carbon that may be unavailable 

for microbial use and induction of a limitation in soil nitrogen 

and phosphorus 20;21. Reduction in  pH may affects nutrient 

availability in soil, especially increase concentration of 

aluminium, copper and manganese, while depleting the nitrogen 

contents of soil 22.  Higher pH values in dumpsites of municipal 

solid wastes relative to natural soils have been reported 23. 

Elevated pH at solid waste disposal sites has been attributed to 

liming materials and microbial activities 24;25. Similarly, soil 

under accumulation of municipal solid wastes has been shown to 

be characterized by increased salinity due to accumulation of 

organic materials, thus leading to reduction in soil acidity 26.  

 

The values of exchangeable bases varied significantly among the 

three sites. Exchangeable calcium, magnesium, and sodium were 

higher in dumpsites than the control site (Table 1). The higher 

contents of exchangeable bases at the dumpsites may be 

attributed to high organic matter contents of soil.  High contents 

of exchangeable bases at a given municipal solid waste dumpsite 

are usually an indication of high nutrient status together with 

increased microbial activities 27. Higher contents of nitrogen and 

phosphorus were recorded at the three dumpsites (L1, L2 and L3) 

relative to the control (L0)–(Table 1). Enhanced organic matter 

content of solid waste dumpsites resulting from higher level of 

nitrogen and phosphorus has been reported 28.  The values of 

exchangeable acidity  at L1 (2.31 cmol/kg), L2 (2.40 cmol/kg) 

and L3 (2.37 cmol/kg) dumpsites were  relatively lower than that 

of the control –L0 (2.72 cmol/kg) site (Table 1).  This disparity 

may be due to leaching activities of soil by rain and runoff 

infiltration, which cause increased acidic ion concentration in 

soil. Therefore, low acidic ion at the dumpsites may be due to 

exchangeable bases resulting from decomposing organic waste 

that replaced the leached  cation, hence leading to alkaline nature 
29;30.  

 

The values of electrical conductivity varied across the  three 

dumpsites (L1, L2 and L3). The values for Electrical 

conductivity were 0.27, 0.32 and 0.23 ds/m at L1, L2 and L3 

dumpsites, respectively, while that of the control (L0) was 0.07 

ds/m (Table 1). This clearly shows a higher level of electrical 

conductivity at the dumpsites than the control site. The elevated 

values of electrical conductivity at the dumpsites may be due to 

high salt contents usually found in some municipal solid wastes 
31;32. Similarly, high value of electrical conductivity at dumpsites 

has been  shown to be attributed to soluble salts often associated 

with disposal of  metallic materials 33. The soil particle size 

distribution at the dumpsites as well as the control site indicated 

a loamy sandy pattern (Table 1), which is a clear characteristic of 

soil  of the Niger Delta region 24.  

 

There were marked variations in the contents of  heavy metal 

across the three dumpsites as well as the control site (Table 2). 

Higher contents of heavy metals were recorded at L2 relative to 

L1 and L3 dumpsites, while the contents of heavy metals at the 

three dumpsites (L1, L2 and L3) were comparatively lower than 

that of the  control (L0) sites. This variation in heavy metal 

content at the three dumpsites may be due to the accumulation of  

residential, municipal and agricultural wastes, which 

characterized the L1, and L2 dumpsites, while the L2 has 

additional wastes from vehicle repairs and mechanic shops with 

their associated heavy metal contents. Heavy metal accumulation 
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at waste dumpsites  may be absorbed by plants and other soil 

organisms with their associated adverse effects. Waste dumpsite 

containing high levels of heavy metals may impose detrimental 

effects on soil physical and chemical properties, and upset 

nutrient balance, leading to reduction in plant growth and 

development 34. Some metals are known to be  harmful and can 

persist in the soil medium for a long period. It is important to 

note that some of the soils around the dumpsites are agricultural 

lands and are under continuous cultivation. The presence of 

organic matter and nutrients such as phosphorus in the soil can 

influence the availability of heavy metals for plant uptake, such 

that high contents of such nutrient can reduce heavy metals 

contents through processes such as chelation, adsorption and 

precipitation 35. Although, the concentration of the heavy metals 

were within the permissible range, it may however be a threat to 

human health if ingested above  optimum  level for  safety.   

 

 

 

 

Table 1: Physical and chemical properties of experimental soil 

 
Sampling sites Lo 

Control 

L1 

Opolo 

L2 

Mechanic 

village 

L3 

Kpansia Parameters 

pH 5.29±0.21 7.43±0.33 5.32±0.42 7.67±0.31 

Avail. P 

(mg/kg) 

6.37±0.40 10.48±0.35 8.04±0.22 12.33±0.60 

Total N (%) 0.24±0.02 3.14±0.10 2.62±0.20 3.67±0.23 

TOC (%) 1.30±0.80 3.67±0.21 5.08±0.34 4.02±0.28 

EC (ds/m) 0.07±0.01 0.27±0.03 0.32±0.02 0.23±0.04 

Na (Cmol/kg) 0.12±0.02 0.20±0.03 0.18±0.02 0.15±0.03 

Mg (Cmol/kg) 1.74±0.30 3.06±0.25 3.54±0.42 2.83±0.26 

K (Cmol/kg) 0.16±0.05 0.24±0.02 0.20±0.04 0.25±0.02 

Ca (Cmol/kg) 3.06±0.27 7.13±0.39 6.58±0.17 5.24±0.61 

EA (Cmol/kg) 2.72±0.32 2.31±0.18 2.40±0.80 2.37±0.22 

ECEC 

(Cmol/kg) 

6.90±0.20 8.82±0.26 9.33±0.52 9.08±0.39 

Sand (%) 76.40±0.44 73.04±0.57 80.21±0.37 72.70±0.46 

Silt (%) 5.87±0.31 12.73±0.20 11.60±0.23 11.21±0.72 

Clay (%) 17.73±0.22 14.23±0.69 8.19±0.40 16.09±0.13 

Mean ± standard error of  3 replicates 

 

Table 2: Heavy metal contents of experimental soil 

 
Sampling sites Lo 

Control 

L1 

Opolo 

L2 

Mechanic 

village 

L3 

Kpansia Parameters  

(mg/kg) 

Zinc  0.13±0.03 0.16±0.02 0.56±0.05 0.27±0.02 

Chromium 0.04±0.02 0.08±0.02 0.98±0.04 0.07±0.01 

Nickel 0.01±0.01 0.20±0.05 0.86±0.07 0.10±0.03 

Cadmium 0.27±0.05 0.40±0.02 0.74±0.05 0.31±0.04 

Lead 0.21±0.03 0.34±0.02 0.82±0.03 0.25±0.04 

Iron 0.10±0.04 0.45±0.03 0.77±0.05 0.24±0.03 

Copper 0.02±0.01 0.15±0.05 0.37±0.03 0.18±0.02 

Manganese 0.22±0.05 0.27±0.02 0.45±0.02 0.25±0.03 

Mean ± standard error of  3 replicates 

 

 

 

IV. CONCLUSION 
This study showed that soil characteristics such as soil pH, total 

nitrogen, available phosphorus, organic carbon, magnesium, 

potassium, calcium, and electrical conductivity recorded higher 

contents at the dumpsites than the natural soil (control). The 

contents of exchangeable acidity at the dumpsites were lower 

than that of the natural soil.  In addition, the   contents of heavy 

metals at the dumpsites were higher  than that of the natural soil, 

however,  their proportions were within the permissible levels by 

WHO. Therefore, this study clearly revealed that the soil nutrient 

levels as well as the general soil conditions  at the dumpsites 

were adequate for optimum growth and development of plants. 
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