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ABSTRACT 

Various dumpsite soil samples designated as A (Municipal), B (Domestic), C (General market) and D 

(Spare parts market) based on the nature of the dumpsites and normal soil V (control) from a fallow land 

were collected and analyzed for their physico- chemical properties, heavy metals and quantitative and 

qualitative microbial composition. Analyses showed that the level of nutrients and heavy metals was higher 

in the dumpsite soils than in the control sample. For example, while lead was not detected in control soil, 

the dumpsite soils A (Municipal), B (Domestic), C (General market) and D (Spare parts market) recorded 

8.78, 5.2, 4.15 and 2.08 Meq/100 of lead respectively. The results also show that there was greater 

microbial diversity and microbial activity in the dumpsite soil samples. 
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1.0 INTRODUCTION 

Dumpsites are a regular feature in urban and rural areas of our society. Though the composition of 

dumpsites may vary from one location to another, it will depend largely on the nature of wastes generated by 

the population which in turn is based on their  economic activities as well as what they consume.  

The composition of dumpsites, however varied or diverse, will contain biodegradable and non biodegradable 

wastes. In some organized setting, it is possible to find wastes disposed of on the basis of biodegradability 

and non- biodegradability but what is commonplace in our society is to find wastes disposed of without 

recourse to this. A common feature around most dumpsites is to find vegetation exhibiting luxuriance and 

giving the impression that all is well with plant nutrition and constituents at dumpsites.  

A municipal waste dumpsite is a place where the inhabitants of a town throw materials that are no longer 

needed. These wastes could either be household wastes, industrial wastes or radioactive wastes. Wastes 

could be in the form of solid, liquid or gas. These wastes end up interacting with the soil system, thereby 

changing the physical and chemical properties of the soil (Grant and Dobbs 1997).   

A domestic dumpsite is that which is found in the vicinity of residential areas. It may be similar in 

composition to the municipal dumpsite but will most likely lack industrial and radioactive wastes and 

contain more of organic wastes. 

Wastes generated around a marketplace will depend on the nature of the market. In a typical Nigerian 

market a lot of organic wastes coupled with non biodegradable wastes are a common feature.   In a spare 

parts market and mechanic village however the wastes will largely include heavy metals as well as oils from 

servicing of vehicles. 

Soils containing wastes have high content of organic matter. According to Anikwe and Nwobodo, (2001), 

municipal wastes increase the Nitrogen, pH, Cation Exchange Capacity, and organic matter in soil. Organic 

waste can provide nutrients for increased plant growth and such positive effect will likely encourage 

continued land application of these wastes (Anikwe and Nwobodo, 2001; Nyle and Ray, 1999). However, 

excessive waste in soil may increase heavy metal harmful effects on soils and crops (Nyle and Ray, 1999). 

Most metals with important commercial uses are toxic e.g chromium, copper, and nickel which are used for 

electroplating as well as vanadium, nickel, and lead (Mcbride, 2003). Studies have also revealed that wastes 

dumpsites can transfer significant levels of these toxic and persistent metals into the soil environment, (Juste 

and Mench, 1992; Cortez and Ching, 2014; Abidemi and Onwordi, 2015). Eventually these metals are taken 

up by plants parts and are transferred same into the food chain. 

Consequently, higher soil heavy metal concentration can result in higher levels of uptake by plants. 

Although the rate of metal uptake by crop plants could be influenced by factors such as metal species, plants 

species, plant age and plant part.  

This study assumes the null hypothesis that dumpsite soils vary in their nutrient composition.  The aim of 

this study is to investigate the levels of elements in waste dumpsite soils and their microbial activity. 

 

2.0 MATERIALS AND METHODS 

2.1 Study Area 

The soil samples used were collected from four different waste dumpsites designated as follows;  

A - A municipal waste dumpsite located at Capitol, University of Benin, Edo-state 

B - A domestic waste-dumpsite located at the University of Benin 

C - A market waste dumpsite, located in Uselu Market, Benin City 

D - A waste dumpsite at Uwelu spare parts market, Benin City, which was very      

      close to a mechanic workshop 

V - A fifth soil sample from a fallow land at Iguosa, Benin City. This was used as control. 
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2.2 Soil Analysis 

The five soil samples were subjected to physical and chemical analysis at the chemistry laboratory at the 

Nigeria Institute for Oil-Palm Research (NIFOR) near Benin City, after the experiment. The pH of the soil 

samples was determined using an electronic pH meter (Model 3305 – Jenway). The particle size was 

determined by Beuyoucous hydrometer method. This was used to determine the amount of silt, sand and 

clay in each soil sample. 

 

2.2.1 Digestion of Soil Sample  

The samples were subjected to wet digestion using hydrofluoric acid, a mixture of hydrochloric acid and 

nitric acid, boric acid and lanthanum chloride. 

The soil samples were ground to powder. One gram of the samples was transferred into 100m plastic 

container. Five (05) ml of HF was added into each of the containers followed by 10ml of the aqua –regia 

(HCL+HI03). The mixture was heated over a steam bath for 45minutes. Five (05) ml of boric acid was added 

to each of the samples for 45minutes. The mixture was allowed to cool and filtered. The filtrates were made 

up to 100ml with distilled water. 

 

2.2.2 Determination of Potassium  

The potassium content of the samples was determined after digestion, using a Bulk scientific GVP -210 

Atomic absorption spectroscopy (AAS) system. Air acetylene gas was used. A stock standard solution was 

used to calibrate the instrument. Ten (10) ppm of the solution was analyzed. The amount of potassium in the 

digested soil samples was calculated after obtaining the AAS signals using the formular. 

R = standard volume x Sample reading  

     Standard reading. 

 

Where R = AAS signal  

Standard volume = 10ppm 

Sample reading = volume read from instrument. 

Potassium content in ppm = R x V/weight of sample   

 Weight of sample = lg 

 

2.2.3 Determination of Phosphorus  

Phosphorus was determined by colorimetric method. Extraction of soil samples was carried out using 25ml 

of 0.5m HCI and 15ml NH4F made up to 500ml with distilled water. Thirty- five (35) ml of this solution 

was added to 10g of each sample of soil shaken for a minute and filtered. Ten (10) ml of the extract was 

pipetted into a 50ml flask and 8ml of L-ascorbic acid was added. After 30minutes of standing, absorbance at 

400nm was measured calorimetrically. 

Standards were prepared using 0, 0.5, 1, 2, 4, 6 and 8ml of L – ascorbic acid and the absorbance was 

determined. The weight of L – ascorbic acid was 1.056g in 200ml. A graph of absorbance against 

concentration was plotted. Phosphorus content in both samples was determined using the formula. 

Ppm phosphorus = (graph – reading) x 25 

   Weight of soil    10 

Where, 

Graph reading was extrapolated from the standard curve after determining absorbance of extracted solution. 

 Weight of soil = 10g 

25/10 is the dilution factor  
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2.2.4 Determination of Nitrogen 

The nitrogen in the soil was determined by Kjeldahl digestion, and the resulting ammonium ion measured 

calorimetrically. 

Five (05) ml of the filtrate from the digest was pipetted into a 25ml flask, 2.5ml of alkaline phenol was 

added and the mixture was shaken thoroughly. 1ml of potassium tartrate and 2.5ml of sodium hypochlorite 

was added to this mixture, and it was thoroughly shaken. The colour was allowed to develop and the 

nitrogen content was read colorimetrically using a GVP 210 spectrophotometer.  

 

2.2.5 Determination of Carbon  

1.5g of the soil sample was passed through a 2mm sieve and was grounded to fine consistency. 0.5g of this 

grinded soil sample was weighed out into a 250ml conical flask. 10ml of NK2Cr2O7 and 10ml of conc. 

H2S04 was pipetted into the sample. The mixture was shaken for 1 minute and allowed to stand for 30 

minutes. 60ml of water was added to the solution and the volume was made up to 150ml. 5ml of phosphoric 

acid and 6 drops of 1% diphenyl amine was added to the solution, thus making the solution develop a dark 

violet colour. 0.4m ferrous ammonium sulphate was titrated into the solution until the colour changed to 

green. A blank determination was carried out for each batch of determination.  

The percentage carbon was calculated as follows 

% carbon = Blank - Titre x 0.24 

 

2.2.6 Determination of Exchangeable Cations  

(Ca
2+

, Mg
2+

, Na
+
). 

5.0g of the soil samples was weighed into a 100ml polyethylene bottle. 25ml of ammonium acetate solution 

was added and it was kept in a mechanical shaker for 1 hour. The supernatant was filtered into a 100ml 

volumetric flask, through a filter paper in a funnel, which was inserted in the neck of the flask. Care was 

taken not to pour any soil into the filter funnel. 20ml of ethanol was added to the bottle and shaken. The 

mixture was allowed to settle and the supernatant was filtered into the 100ml flask as before. The washing, 

shaking and filtering procedure was repeated twice, and the extract was made up to 100ml with distilled 

water. 

The concentrations of exchangeable cations were determined using a Sherwood flame photometer 410. 

 

2.2.7 Determination of Heavy Metals  

The soil samples were digested and extracted using the procedure described above, and the heavy metal 

concentration was read using a SOLAAR 96% Atomic absorption spectroscopy unciam series.  

 

2.3 Statistics: Statistical analysis was carried out by determining the mean of three replicates, their various 

standard deviation and standard error (Ogbeibu, 2005). 

 

3.0 RESULTS 

 

Table 1 shows the physico- chemical properties of control and the various dump site soils. It was observed 

that the sand fraction was generally high in all the dumpsite soils, while the clay and silt content was 

relatively lower. The compositions of other elements were higher in dumpsite soils than in control soil. 

 

 

 



European International Journal of Science and Technology               ISSN: 2304-9693         www.eijst.org.uk 

 

 

72 

TABLE 1:     PHYSICO -CHEMICAL PROPERTIES OF CONTROL AND THE  

VARIOUS DUMPSITES SOILS 

Treatment       pH C% N% P(ppm) Na K Ca Mg Ea ECEC 

Clay Silt Sand                          Meq/100 

V (control)    6.3 3 84.4 6.9 1.4 0.2 34.19 0.27 0.05 12.6 2.4 0.1 15.42 

A (Municipal) 1.9 2.9 88.3 7.8 2.2 0.2 66.57 0.78 0.62 21.84 6.16 0.8 30.2 

B (Domestic) 12.8 4 70.4 8.4 1.7 0.2 14.68 0.31 0.25 36.4 8.56 0.6 46.12 

C (General     

      Market) 

5.8 3.5 84.8 7.1 1.6 0.2 63.19 0.33 0.18 15.28 5.68 0.66 28.58 

D (Spare Parts    

      Market) 

5.8 3 85.3 8.5 1.4 0.2 65.44 0.28 0.22 33.12 6.28 0.7 40.6 

 

The various dumpsite soils recorded higher quantities of heavy metals (Table 2) than control. Cadmium was 

detected only in the municipal waste dumpsite. The lowest amount of Zn was found in D (Spare Parts 

Market). Lead was not detected in V (control). 

 

TABLE 2:     HEAVY METALS IN CONTROL AND THE VARIOUS DUMPSITES  

                      SOILS 

  Cu Zn Pb Cd Fe Mn 

Treatment  Meq/100 

V (control)    2.6 11.2 0 0 1.87 0.18 

A (Municipal) 2.07 17.52 8.78 1.88 127.74 0.71 

B (Domestic) 2.07 40.21 5.2 0 143.96 0.08 

C (General Market) 24.14 16.64 4.15 0 28.67 0.69 

D (Spare Parts Market) 3.21 8.59 2.08 0 32.54 0.98 

 

Table 3 shows the total heterotrophic bacterial and fungal counts of the soil samples. It was observed that 

the soils from refuse sites had a greater microbial population than the control. Treatment B (Domestic) had 

the highest bacteria and heterotrophic fungal count of 101 x 10
5
 cfu/g and 69 x 10

5 
cfu/g respectively while 

the lowest bacterial and fungal count was in treatment V (control) with a value of 48 x 10
5
cfu/g and 29 x 10

5 

cfu/g respectively. 

 

TABLE 3: TOTAL HETEROTROPHIC BACTERIAL AND FUNGAL COUNT FROM  

       VARIOUS TREATMENTS 

TREATMENT HETEROTROPHIC BACTERIA 

COUNT (x10
5 

cfu/g) 

HETEROTROPHIC 

FUNGAL COUNT (x10
5 

cfu/g) 

V (control)    48 29 

A (Municipal) 53 24 

B (Domestic) 101 69 

C (General Market) 93 36 

D (Spare Parts Market) 48 39 
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Table 4 shows the distribution of the bacterial and fungal isolates in the soil samples. The highest species 

diversity was observed in treatment C (General Market)    

 

TABLE 4: DISTRIBUTION OF ISOLATES IN THE SOIL SAMPLES 

                                                                                                                                      

TREATMENT BACTERIA ISOLATES FUNGAL ISOLATES 

 Bacillus sp Aspergillus niger 

V (control) Clostridium sp Trichoderma sp 

 Pseudomonas sp Penicillium sp 

  Geotrichum sp 

   

A (Municipal) Bacillus sp Verticillium sp 

 Escherichia coli Fusarium sp 

 Streptococcus sp Aspergillus flavus 

 Pseudomonas sp  

 Clostridium sp  

   

B (Domestic) Pseudomonas sp Fusarium sp 

 Streptococcus sp Penicillium sp 

 Clostridium sp Aspergillus flavus 

 Bacillus sp  

   

C (General Market) Escherichia coli  Aspergillus niger 

 Micrococcus sp Fusarium sp 

 Bacillus sp Penicillium sp 

 Pseudomonas sp Geotrichum sp 

 Seratia sp  

 Streptococcus sp   

   

D (Spare Parts 

Market) 

Pseudomonas sp Aspergillus flavus          

 Streptococcus sp  fusarium sp               

Proteus sp penicillium sp       
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4.0 DISCUSSION 

It was observed that the sand fraction was generally high in all the treatments (Table 1), while the clay and 

silt content was relatively lower. This agrees with the findings of Nyles and Ray (1999). The poorly silted 

nature of the various particle sizes indicates that these soils were not formed from the natural processes of 

weathering of the underlying parent material, but rather from deposited wastes (Patnaik 1997). According to 

Nyles and Ray (1999), soils with high sand and low clay content have high pollutant leaching potentials. It 

could therefore be deduced that underground water in dumpsites could suffer from pollution. 

The pH of the various treatments ranged from 6.90 to 8.50, with control and treatment B, having the lowest 

and the highest pH respectively. Soil pH is a very important factor that controls the mobility and availability 

of metals and soil nutrients. (Adeniyi et al., 2005). The pH of the various soil samples falls within the range 

6 – 8 expected for most tropical soils. (Webber and Singh, 1995). 

The levels of the essential macro nutrients i.e. C, N, P, Na, K, Ca and Mg were higher in the various 

dumpsite soils than in the control. The levels of some of the micronutrients/ heavy metals analyzed i.e., Cu, 

Zn, Pb, Cd, Fe and Mn were also higher in the dumpsite soils than in the control, though the values of these 

micronutrient elements obtained in this study are generally lower than the values determined in similar 

studies at other dumpsites in Nigeria (Eddy et al., 2006, Aluko et al 2002, Akaeze 2001). Their results 

showed that the levels of Fe ranged from 96 – 745. Furthermore, Eddy et al, (2006) reported the 

concentration of Mn is in the range of 19.21 to 485.00mg/kg. The results for Fe and Mn in the present study 

are within the permissible levels of these metals in the soil. 

The soils were also enriched with Zn and Cu. These metals had the highest values in treatment B (Domestic) 

and treatment C (General market) respectively and the lowest values were in V (control). The natural range 

for the concentration of Zn and Cu in soils is 10 – 300mg/kg and 7.80Mg/Kg respectively (Davies and 

Shokauhian, 2001). Although the quantities of the metals obtained in the present study fell within acceptable 

limits, it is evident that soils at the dumpsites were enriched in these metals by the refuse Ukpong et al., 

2013). The order of enrichment was Fe > Zn > Pb > Cu > Mn > Cd. The high concentration of Fe could be 

attributed to the high availability of the metal in the earth crust and the abundance of Fe containing wastes in 

the environment. 

The result of the microbial analysis showed that the soil samples from the refuse sites had greater microbial 

activity than the control as seen in Table 4. Among the fungal organisms identified in the culture plates were 

Fusarium spp and Verticillium spp which have been implicated in depressing yield and growth of 

Solanaceae spp (Bonsu et al. 2000). These two soil borne fungi are known to cause Fusarium and 

Verticilium wilt respectively.  

The symptoms of these diseases were seen in treatments A (Municipal), B (Domestic) and C (General 

market) but not in V (control) and treatment D (Spare parts market). This might be due to the high organic 

matter content of the dumpsite soils which resulted in increased microbial activity in those samples 

 

CONCLUSION 

It can be deduced from this study that dump site soils have a higher nutrient content than normal soils and 

plants from the refuse soils have a higher concentration of heavy metals than the control. It can be concluded 

that the though these metals may not presently constitute a serious pollution problem, nevertheless, their 

presence as contaminants at these relatively low levels is of concern from the point of view of 

bioaccumulation. Metals in the soil pose a risk to public health, plants and animals. Soils obtained from 

refuse dump sites should be properly screened for the presence or absence of both essential micro nutrient 

elements and toxic heavy metals before being used for the cultivation of crops. 
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