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INTRODUCTION 

The intensity of man’s activities has led to increase in volume and 

complexity of solid waste generation worldwide despite the current level of 

technological advancement. Explosive population growth is obviously one of the 

major factors responsible for the increased municipal solid waste (MSW) 

generation especially in developing countries. The increase in municipal solid 

waste generation is thus a reflection of the increases in domestic waste 

generation profile as a consequence of increase in population as well as increase 

in agricultural and industrial activities. 

Indiscriminate dumping of refuse in open dump sites is a common practice 

in most cities in Nigeria including Awka, the capital of Anambra State, South East 

Nigeria. This practice is partly because of readily available land and most 

importantly because of absence of government or private organized solid waste 

disposal system. Waste dump sites in Awka receive waste from institutions, 

hospitals, commercial/business centers and domestic sources. These dump sites 

are not only offensive to the aesthetics of the environment but may generate 
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leachate that pollute the ground water. Contamination of ground water by 

leachate from solid waste dumps have severally been reported: Lee and Jone-

lee1, Obiekezie et al., 2 Longe and Balogun3, Sidra et al4. 

Solid waste dump leachate have been reported to contain large microbial 

populations some of which are pathogenic in addition to different types of heavy 

metals some of which are injurious to health Duruibe et al.,5 Ogundiran and 

Afolabi6; Longe and Balogun3; Abdulrafiu et al7. Leachate vary widely in 

composition depending on age of the dump site and the types, quantity and 

composition of waste deposited: Stuart and Klinck8, Tatsi and Zouboulis9. 

Leachate from open waste dump sites often gain entry into the ground 

water source and bring about its pollution: Alsabahi et al., 10 Jhamnani and 

Sinah11, Longe and Balogun3. Awka, the capital of Anambra State Nigeria, has 

several solid waste dump sites close to residential areas and drinking water 

points. It is obvious that leachate from these waste dumps contaminate the 

ground water source that service the bore holes sank in and around the city of 

Awka and these bore hole water serve as the drinking water source, for the 

inhabitants of the city.  

The objective of this work was to determine the heavy metals and 

bacteriological composition of the leachate generated from the open solid waste 

dump sites in some parts of Awka and compare the composition with that of the 

water samples obtained from boreholes within some meters away from the 

dump sites with a view to determining the influence of the waste dump leachate 

on ground water contamination with heavy metals and pathogenic 

microorganisms. 

 

MATERIAL AND METHODS 

Sample Site 

The leachate samples were collected from two municipal open solid waste 

dump sites. One of the dump sites is located at Works Road, a residential built up 

area and the other is located towards Agu-Awka with fewer residential buildings 

and more industrial establishments. The two dump sites receive over 60% of solid 

waste generated in Awka metropolis. The wastes are of different types, ranging 

from organic to inorganic, hazardous and non-hazardous and the waste stream is 

made up of domestic, commercial, industrial hospital and agricultural origin. 

The ground water samples were collected from bore holes sank within 50m 

– 200m from the dump site while samples from bore holes about 2km away from 

the dump site were used as control. 

 

Sample Collection 

Leachate samples were collected from three different sampling points in 

each of the dump sites. The different sampling points were escavated 

(approximately 60cm deep) and plastic bucket (which have been washed with 

detergent, rinsed with sterile deionized water and dusted with cotton wool 

soaked in ethanol) covered with inverted perforated lid, tied with wire mesh with 
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pore size about 0.1mm was buried in the soil, covered with the waste and left for 

three months. Each bucket was retrieved after 3months and the leachate 

contained in the buckets was used as the samples for analysis. The samples for 

microbiological analysis were collected from the bucket with sterile sample 

bottles while samples for heavy metals analysis were collected with sterilized 

bottled washed with detergents, rinsed with tap water, soaked in 1M HNO3 for 

24hrs and later rinsed with distilled water and kept in air-tight containers till 

sampling period. Ground water samples were collected from tap water and well 

sources located approximately 50m, 100m, 200m and about 2km away from the 

dump sites. Three samples were collected from each location with sterile 

sampling bottles. 

 

Analysis of Samples 

The leachate and the ground water samples were analysed for the presence 

of the following heavy metals; cadmium, chromium, copper, cobalt, arsenic, 

mercury, zinc, iron and nickel. The samples were also analysed for the presence 

of pathogenic bacteria. Total heterotrophic bacterial count, total coliform and 

faecal coliform counts of all the samples were also determined. The metal 

analysis was done using a Buck Scientific Flame Atomic Absorption Spectrometer 

(Model 205). The quality control of the method was determined by the analysis of 

a known standard sample prepared from the metals in demineralized distilled 

water and subjected to the same process as the samples. Membrane filtration 

method was used to determine total coliform and faecal coliform (Escherichia 

coli) counts using MacConkey agar and Eosine Methylene Blue (EMB) agar as their 

culture/enumeration medium respectively: Villari et al.,12 Anon13, while the spread 

plate method using plate count agar was used to enumerate heterotrophic 

bacterial counts of the samples: Prescott et al14. 

Enrichment culture method using enrichment and selective media: Collee et 

al.15 was used to determine the presence of Salmonella sp, Vibrio Cholerae, 

Pseudomonas sp, Shigella sp, Clostridium sp and Staphylococcus curreus from 

the samples. Cultural, morphological, biochemical, slide and tube agglutination 

techniques: Collins and Lyne16, Collee et al.15 were used to identify the bacteria 

isolated. 

 

RESULTS  

The mean heterotrophic bacterial counts of the leachate from open solid 

waste dump sites and the ground water samples obtained from wells and 

boreholes some distances away from the dump sites are shown in Table 1. The 

total coliform and faecal coliform counts of the leachates and water samples are 

shown in Table 2. The potentially pathogenic microorganisms isolated from the 

leachate and the water samples are shown in Table 3 while the heavy metals 

isolated from the leachate and the water samples are shown in Table 4. 
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Table 1. Total Heterotrophic Aerobic Bacterial Counts Of The Leachate And Ground Water 

Samples. 

                        AGUAWKA                       WORKS ROAD 

SAMPLE  

ẋ  SD  

A             88.00  2.22 

B             72.00  1.63 

C             58.00  1.63 

D             40.00  3.27 

E            20.00  1.63 

 

cfu/ml          ẋ SD               cfu/ml 

8.80x10
6
      81.00  2.22      8.10 x 10

6
 

7.20 x 10
6
    63.00  1.63      6.30 x 10

6
 

5.80 x 10
6
    43.00  2.15      4.30 x 10

6
 

4.80 x 10
6
     27.00  2.16     2.70 x 10

6
 

2.00 x 10
6
     15.00  1.63     1.50 x 10

6
 

KEYS: 

A = Leachate sample collected from the open waste dump site. 

B = Well water collected 50m away from dump site. 

C = Tap water collected 100m away from dump site. 

D = Well water collected 200m away from dump site. 

E = Tap water collected 2km away from dump site. 

SD = Standard Deviation. 

Cfu = Colony forming unit. 

 

Table 2. Total Coliform and Faecal Coliform Counts of Leachate and Ground Water Samples. 

     AGUAWKA                               WORKS ROAD 

SAMPLE Coliform count 

cfu/100ml 

Faecal coliform 

count 

cfu/100ml 

Coliform cfu/100ml Faecal coliform 

cfu/100ml 

A 230 160 210 156 

B 210 140 200 137 

C 170 94 130 46 

D 4 - 14 2 

E - - - - 

KEYS: 

A = Leachate sample collected from the open waste dump site. 

B = Well water collected 50m away from dump site. 

C = Tap water collected 100m away from dump site. 

D = Well water collected 200m away from dump site. 

E = Tap water collected 2km away from dump site. 

- = Organism not isolated. 

 

Table 3. Potentially Pathogenic Microrganisms Isolated From The Leachate And Ground Water 

Samples. 

ORGANISM ISOLATED AGUAWKA DUMP SITE 

                  SAMPLE  

                  A B C D E 

WORKS ROAD DUMP SITE 

                         SAMPLE  

                         A B C D E  

 

Salmonella sp                   + + +  -  -                            +  +  +  +  -  

Pseudomonas sp                   + + +  -  -                             +  +  -   -  -  

Proteus sp                   + +  -  -  -                            +  -   +  +  -  

Shigella sp                   + +  -  -  -                            +  +   -   -  -  

Clostridium sp                   + +  -  -  -                            +  +  +    -  -  

Staphylococcus aureus                   + +  -  + +                            +  -   +   +  -  

Vibrio cholera                   + +  -  -  -                            -   -   -   -   -  
  

KEYS: 

A = Leachate sample collected from the open waste dump site. 
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B = Well tap water from sample about 50m away from dump site. 

C = Well/Tap water sample about 100m away from open dump site. 

D = Well/tap water sample about 200m away from dump site. 

E = Well/Tap water sample about 2km away from dump site. 

+ = Organism Isolated. 

-  = Organism not isolated. 

 

Table 4. Concentration (Mg/L) Of Heavy Metals Present in Leachates and Groundwater Samples. 

                                              AGUAWKA  

Sample As Cd Cr Cu Co Fe Pb Hg Zn 

A 0.230 0.009 0.008 0.150 0.017 4.035 2.980 0.250 3.2601 

B 0.210 0.007 0.004 0.090 0.014 3.041 2.920 0.200 2.9401 

C 0.20 0.004 ND 0.120 0.013 1.006 2.900 0.100 2.5112 

D 0.060 0.001 ND 0.100 ND 0.078 2.930 ND 1.0211 

E ND ND ND 0.030 ND 0.009 1.090 ND 0.0123 

 

 

A 

 

 

0.200 

 

 

0.006 

 

 

0.300 

 

 

0.080 

 

 

0.011 

 

 

3.204 

 

 

2.920 

 

 

0.001 

 

 

2.7500 

B 0.200 0.005 0.250 0.050 0.002 2.674 2.900 0.001 2.1102 

C 0.150 0.003 0.100 ND ND 0.010 2.800 ND 1.2001 

D 0.090 ND 0.050 ND ND 0.012 2.830 ND 0.1017 

E 0.010 ND 0.010 ND ND 0.003 1.000 ND 0.0121 

WHO 0.05 0.01 0.05 1.00 1.00 0.30 0.05 0.002 5.00 

KEYS: 

A = Leachate sample collected from the open waste dump site. 

B = Well water collected 50m away from dump site. 

C = Tap water collected 100m away from dump site. 

D = Tap water collected 150m away from dump site. 

E = Well water collected 200m away from dump site. 

ND = Not Detected. 

WHO = World Health Organization.  

 

DISCUSSION 

The mean heterotrophic bacterial counts of the leachate samples from the 

open solid waste dump sites is high (8.80 x 106 Cfu/ml, 8.10 x 106 respectively for 

the two dump sites examined, (Table 1). The high number is expected as aerobic 

mesophilic bacteria are involved in decomposition of organic matter. It is obvious, 

that as the leachate formed from the waste decomposition percolates and leach 

out, it becomes contaminated by some of the bacterial population some of which 

are involved in the decomposition. The result shows that the total coliform and 

faecal coliform counts of the leachate samples are high (Table 2). The high 

number is also not surprising as the waste dumps receive waste from diverse 

sources including household wastes, some of which contain faecal matter. The 

potentially pathogenic bacteria isolated from the dump leachate and ground 

water sources include: Salmonella sp, Pseudomonas sp, Proteus sp, Shigella sp, 

Clostridium sp, Vibrio cholerae, Staphylococcus, aureus (Tables 3). It may not be 

surprising that these bacteria were isolated from the waste dump site leachate 

because the waste from which the leachate developed came from diverse 

WORKS ROAD 
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sources including hospitals but the isolation of many of these bacteria from 

ground water sources close to the dump sites is worrisome. The isolation of 

almost all the pathogenic bacteria found in the leachate in the ground water 

sources within 50m to 100m and not in ground water sources 2km away from the 

dump sites indicates that the source of contamination of the ground water by the 

pathogenic bacteria is the leachate. The impression that leachate from dump 

sites or landfill is a potential source of contamination or pollution of ground 

water has severally been reported: Gordan and John17, Boszkurt et al.,18 Wright et 

al.,19 Akude et al.20 and Abdulrafiu et al.7 

The following heavy metals As, Cd, Cr, Cu, Co, Fe, Pb, Hg and Zn found in the 

leachate were also detected in the ground water samples collected within 50m to 

100m away from the dump site and  at concentrations much higher than the 

maximum allowable limit recommended by WHO standard (Table 4). The fact that 

many of these heavy metals detected in the leachate were not detected in ground 

water samples collected about 2km away from the dump site but were detected 

in ground water samples close to the dump sites (Table 4) could be taken to imply 

that the leachate is the source of contamination of the ground water by those 

heavy metals. The possibility of leachate from dump sites being source of heavy 

metals contamination of ground water has been documented: Yanful et al., 21 

Longe and Balogun3, Akudo et al., 20 Sidra et al.4The porosity of the soil where the 

dump sites are located coupled with the fact that the heavy metals may be in 

solution in the leachate may explain why the concentration of many of the heavy 

metals detected in the ground water samples is relatively close to the 

concentrations in the leachate (Table 4). 

Awka is known to have a low water table because of the underlying thick 

scale: Okpoko and Egboka22 and so shallow wells are bound in Awka metropolis 

including the area where the solid waste dumps sites used in the research are 

located. None of the wells or borehole from where the ground water sample was 

collected is deeper than 120ft according to the information collected from the 

owners of the wells and the water bore holes. It could therefore be said that the 

isolation of the pathogenic bacteria present in the leachate in the ground water 

may be because the leachate may not have traversed sufficient sand layers that 

would have filtered off the accompanied microorganism before it leached into 

the ground water or the soil is porous enough to allow the organisms get into the 

ground water without being sieved off from the leachate by the sand particles. 
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