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Abstract 
Studies were carried out to assess the effect of distance of sanitary pits on the 
microbial and heavy metal levels in hand dug well water samples consumed 
by people living in Akwuke, Enugu South Local government area of Enugu 
State, using standard biochemical and spectrophotometric analysis. The well 
water samples were digested with aqua-regia and four heavy metals (Pb, Cd, 
Cu and Zn) were assayed in the well water samples at sampling distances of 3, 
6 and 10 m respectively from the sanitary pits. The range of mean bacterial 
counts (cfu/g) for the four detected pathogenic bacteria; S. aureus, Klebsiella 
pnemeoniae, Echerichia coli and Salmonella enteritidis were 83 - 3730, 510 - 
870, 50 - 2535 and 240 - 3420 Cfu/g at sampling distances of 3, 6 and 10 m 
respectively from the sanitary pits. The mean bacteria counts of the four de-
tected pathogenic organisms in the well water sample at sampling distances of 
3 and 6 m respectively from the sanitary pits were above the WHO recom-
mended threshold limits for a safe drinking water. The mean bacterial counts 
of Salmonella enteritidis in the well water samples of sampling distance of 10 
m from the sanitary pits was above the WHO recommended permissible lim-
its. At sampling distances of 3, 6 and 10 m from the sanitary pits, the mean 
range of Pb, Cd, Cu and Zn in the well water samples were, 0.03 - 0.3, 0.02 - 
0.05, 0.46 - 1.71 and 1.63 - 7.03 µg/g respectively. The mean levels of Pb and 
Cd in the well water samples at sampling distances of 3 and 6 m respectively 
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from the sanitary pits were above their respective WHO recommended thre-
shold limits. The mean heavy metals (Cd, Pb, Cu and Zn) in the well water 
samples at sampling distances of 3, 6, and 10 m respectively from the sanitary 
pits were statistically significant at p < 0.05.  
 

Keywords 
Heavy Metals, Hand Dug Well Water, Pathogenic Bacteria, Faecal  
Contamination, Sanitary Pits 

 

1. Introduction 

Water is the most important source of life on earth and is of vital importance in 
human life. It is incredibly indispensable for the existence of all living organisms 
[1]. The quality of water is important in environmental studies because of its daily 
use for human consumption and its ability to transport pollutants [2]. Water is 
obtained from a number of sources, some of which are rain, lakes, streams, un-
derground wells and springs. As the population of the world increases, there is 
the need for the supply of safe water for drinking, domestic, industrial and agri-
cultural uses, so that healthy life can be achieved [3]. 

The United Nations described free access to clean water as a basic human 
right and one of the indices of good living [4]. Ground water is a major source of 
water supply, which could be found in form of borehole and well water. According 
to Afolabi et al. [5], ground water accounts for about 50% of water worldwide 
supplies. As ground water is isolated from the soil surface, most people believed 
that ground water should be relatively pure and free from pollutants. Although 
most ground water is still of high quality at some locations, however, the quality 
of ground water is becoming increasingly threatened especially in developing 
countries of the world. 

Over population and unintended urbanization, unhindered exploration guide-
lines, and improper dumping of solid and liquid wastes enhance the infiltration 
of harmful substances unto the ground water resources and thus posing poten-
tial risks to the receptors [6]. 

According to Ullah R et al. [7], uncontrolled dumping of industrial wastes and 
the use of chemical constituents in agriculture are the major causes of ground 
water pollution. Additionally, due to the sanitation inadequacies especially in de-
veloping countries like Nigeria, well water sited around poor sewage systems, pit 
latrines and waste dumps have also been reported to affect the physical, chemical 
and microbial integrity of ground well water [8]. 

Ground water quality depends not only on natural factors such as aquifer li-
thology, ground water velocity, quality of recharge waters and interaction with 
other types of water or aquifers but also on human activities and the environ-
ment.  

The ground water acquifer system once contaminated tends to remain for a 
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long period of time, even if the source of pollution, being industrial or domestic 
waste water disposal or recycling is eliminated [1]. 

Contamination of ground water resources with heavy elements, metal ions 
and harmful micro organisms is one of the major health problems today [2]. A 
principal microbiological concern in ground water is the health hazard posed by 
faecal contamination.  

According to Agunwamba J.C., and Bepule V. [9], of the four types of patho-
gens (viruses, bacteria, protozoa and parasite) contained in human excreta, only 
bacteria and viruses are likely to be small enough to be transmitted through the 
soil and aquifer matrix to ground water bodies.  

Water is contaminated by various pathogenic microorganisms such as bacte-
ria, fungi, viral protozoa and other biological organisms and these pathogenic 
agents have been implicated in various diseases that affect human health [10]. 
The potential ability of water to transmit microbial pathogens to a great number 
of people causing subsequent illness is well documented at all levels of economic 
development [11]. 

According to WHO, about 80% of diseases are water borne due to drinking 
contaminated water and 3.1% deaths occur due to the consumption of unhygie-
nic and poor-quality water in developing countries [12]. Research has shown 
high prevalence of water borne diseases such as cholera, diarrhea, dysentery, ty-
phoid fever and hepatitis in developing countries which claims the lives of a 
hundred thousand children and adults per year [13]. 

Yahaya et al. [14] stated that children are most frequently affected by conta-
minated water and a minimum of 525,000 children worldwide die every year due 
to diarrhea illnesses, most of which are caused by contaminated water, poor sa-
nitation and poor personal hygiene. Heavy metals are among notable water con-
taminants which are generally toxic metals with a specific density greater than 5 
g/cm3 [15]. 

Heavy metals of public health concern regarding water contamination include 
arsenic (AS) cadmium (Cd), nickel (Ni), mercury (Hg), Chromium (Cr), Zinc 
(Zn), copper (Cu) and lead (Pb). The principal sources of surface and ground 
water contamination with heavy metals are natural processes and anthropogenic 
activities [16]. The rise in the concentration of heavy metal in water bodies ir-
respective of the origin is posing a serious health threat to human and aquatic 
ecosystems [14]. 

Heavy metals generate reactive oxygen species in living organisms, thereby 
causing oxidative damage [17].  

Additionally, heavy metal contamination of drinking water sources has been 
linked with deficiencies of some essential nutrients, which culminates in com-
promised immunological defenses, intrauterine growth retardation, impaired 
psychosocial faculties and increased prevalence of upper gastro-intestinal can-
cers [18]. 

Water that has good drinking quality is of basic importance to human physi-
ology and humans continued existence relies very much on its availability. Ground 
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water quality is an indispensable factor in its usage for agricultural industrial, 
domestic and drinking purposes. Due to poor regulatory frame work on the part 
of environmental and health agencies at providing standard distance when sit-
ting well water around sanitary pits, property owners here at Akwuke commu-
nity have indulged in the habit of siting well water close to sanitary pits in a bid 
to conserve space, thereby compromising the health of the people that consume 
the well water. 

Consequently, this study evaluated the effect of distance of sanitary pit on the 
microbial and heavy metal levels in hand dug well water samples consumed by 
people living within Akwuke in Enugu South Local Government Area of Enugu 
State.  

2. Materials and Methods 
2.1. The Study Area 

The study was carried out in Akwuke, an agrarian community, with a lot of sand 
mining activity and federal government offices, situated in the community and is 
located in Enugu South Local Government Area of Enugu State. It lines with la-
titude 7˚386.0N and longitude 6˚4921.30E. 

The topography of Akwuke is undulating. The community falls within the 
tropical rainforest belt of South East, Nigeria and is characterized by an average 
rainfall of 1570 to 1800 mm per annum.  

The residents of the community depend mainly on ground well water sources to 
serve their domestic and household needs.  

2.2. Sample Collection 

Ten (10) water samples were each collected from hand dug wells at distances of 
3, 6 and 10 m respectively from sanitary pits located randomly within Akwuke 
community. Hence a total of thirty (30) well water samples were randomly col-
lected between the months of November and December, 2020. The water sam-
ples were collected in clean, pre-sterilized, well labeled plastic containers. The 
sample containers were tightly covered and taken to the laboratory where they 
were stored in desiccators prior to heavy metal and microbiological analyses.  

2.3. Microbiological/Biochemical Analysis and Identification of  
Bacterial Isolates 

In order to identify bacteria species the microbiological techniques employed in-
cluded inoculation, gram staining, colony, and morphological characterization 
for physical and structural features of organisms as described by Janseen P.H. 
[19]. Pure cultures of the isolates were subjected to various biochemical tests to 
determine the identity of the bacteria species. The result of each test was recorded 
and the probable identity of the isolates was determined by the use of Bergey’s 
manual of determinative bacteriology [20]. Bacterial colonies were counted to 
obtain the viable cell count. 
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2.4. Heavy Metal Analysis 

About 0.5 ml of each water sample was mixed with 25 ml aqua-regia solution in 
the digestion tube and then digested on 120˚C for 3 hours. The digested material 
was filtered into 100 ml beaker and the solution was analyzed for the selected 
heavy metals using atomic absorption spectrophotometer (UNICAM Model 
969) [21]. 

2.5. Pollution Index Computation 

Pollution index (Pi) is defined as the ratios of the concentration of the individual 
parameter against the baseline standard. It provides information contributed by 
individual sample parameters.  

( )Pollution Index Pi A
B

=  

where A is the concentration of individual parameter and B is the reference 
standard. 

The pollution index of the well water samples at distances of 3, 6 and 10 m 
respectively from the sanitary pits were determined for Pb, Cu, Cd and Zn. 

2.6. Statistical Analysis 

Data were expressed as mean ± standard deviation and subjected to one way 
analysis of variance at 5% confidence level using SPSS 22.0. 

3. Results and Discussion 

Table 1 shows that four pathogenic organisms namely, Staphylococcus aureus, 
Klebsiella pnemoniae, Escherichia coli and Salmonella enteritidis were isolated 
and detected at well water sample distances of 3 and 6 m respectively from the 
sanitary pits situated in Akwuke local government area of Enugu State. 
 
Table 1. Biochemical characteristics of bacterial isolates at sampling distances of 3 and 6 
m respectively from the sanitary pits. 

Cultural 
characteristics 

Morphology 
Gram 

staining 
Glucose indole Coagulate Catalase citrate 

Most 
probable 
identity 

Yellowish 
orange 

and slimy 

Cocci in 
pairs 

+ + − − + + S. aureus 

Pink, Smooth, 
flat and irregular 

Rods in 
single pairs 
and clusters 

− − + + + + 
Klebsiella 

pneumoniae 

Red-coloured 
with a smooth 
serrated edge 

Rods 
straight 

− + + NA + + 
Escherichia 

coli 

Creamy and 
irregular 

Rods 
scattered 

+ − − − + − 
Salmonella 
enteritidis 
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Table 2 shows that three pathogenic organisms namely; Staphylococcus au-
reus, Eschericha coli and Salmonella enteritidis were isolated and detected at a 
sampling distance of 10 m from the sanitary pits. The result of this study com-
pared very well with the findings of Jega B.G. et al. [22] who isolated and de-
tected Salmonella tophii, Escherichia coli, Staphylococcus aureus, Citrobacter 
species, Enterobacteria species and Serratia mercesscens in a public water supply 
in Birnin, Kebbi, Kebbi State. Adesakin T.A. et al. [10] isolated and detected a 
very high bacterial load of Enterobacter, Protens, Escherichia coli, Salmonella 
enteritidis and Shigella spp in well, borehole and tap water samples consumed by 
people in Samaru community, Zaria and their findings totally agreed with the 
results of this study.  

It is therefore safe to say that the detection of S. aureus, E. coli, Salmonella 
enteritidis and Klebsiella pnemoniae well water sample distance of 3, 6 and 10 m 
respectively from sanitary pits indicated faecal contamination of this water sam-
ples and therefore represents a potential health risk to the users of this water.  

Adesakin T.A. et al. [10] stated that pathogenic organisms mostly find their 
way into ground water at high concentrations through run-offs or seepage.  

The result of this study clearly shows that consumption of water from hand 
dug wells that are mostly shallow makes bacterial contamination of such water 
very likely due to the seepage of bacteria from surrounding sanitary pits into the 
acquifer of the well water with the level of contamination possibly increasing 
with decrease in distance of the well water from the sanitary pits. 

Table 3 shows that the mean count of Staphylococcus aureus at sampling dis-
tances of 3, 6 and 10 m from the sanitary pits were 2750, 1030, and 83 Cfu/g re-
spectively. The mean count of Klebsiella pneumoniae at well water sample dis-
tances of 3, 6 and from the sanitary pits were 870 and 510 Cfu/g respectively. 
The mean count of Escherichia coli at well water sampling distances of 3, 6 and 
10 m from the sanitary pits were 2535, 1760 and 50 Cfu/g respectively. 

The mean count of Salmonella entertidis at well water sampling distances of 3, 
6 and 10 m from the sanitary pits were 3420, 2510 and 240 Cfµ/g respectively. 
 
Table 2. Biochemical characteristics of bacterial isolates at sampling distance of 10 m 
from the sanitary pits.  

Cultural 
characterisitcs 

Morphology 
Gram 

staining 
Glucose indole Coagulate Catalase Citrate 

Most 
probable 
identity 

Yellowish 
orange and 

slimy 

Cocci 
in pairs 

+ + − − + + S. aureus 

Red-coloured 
with a smooth 
serrated edge 

Rods 
straight 

− + + + + + 
Escherichia 

coli 

Creamy and 
irregular 

Rods 
scattered 

+ − − − + − 
Salmonella 
enteritidis 
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Table 3. Mean bacterial count (Cfu/g) at sampling distances of 3, 6 and 10 m respectively 
from the sanitary pits. 

Bacteria 
isolates 

Mean bacteria count (Cfµ/g) at the determined 
distances from the sanitary pits Permissible 

limits [12] 
3 m 6 m 10 m 

S. aureus 3750 ± 600 1030 ± 2101 83 ± 12 ≤102 

Klebsiella pneumoniae 870 ± 25 510 ± 33 - ≤102 

Escherichia coli 2535 ± 129 1760 ± 91 50 ± 15 ≤102 

Salmonella enteritidis 3420 ± 216 2510 ± 173 240 ± 22 ≤102 

 
The mean count of S. aureus, Klebsiella pneumoniae, Escherichia coli and 

Salmonella enteritidis at sampling distances of 3 and 6 m respectively from the 
sanitary pits were above the WHO recommended permissible limits for a quality 
water. With the exception of Salmonella enteritidis, the mean count of the other 
isolated and detected bacteria at a well water distance of 10 m from the sanitary 
pits were within the recommended permissible limits for a safe drinking water. 
The result of Table 3 indicates that as the distance of the well water samples 
from the sanitary pits increased, the bacteria contamination of the well water 
sample decreased. This therefore implies that the distance of sited well water in 
any environment has a direct influence on the microbial load in such an under-
ground water body. Because of the reduced sampling distances at 3 and 6 m re-
spectively from the sanitary pits, the seepage of bacteria into the well water 
probably became very high due to increased faecal contamination of the acquifer 
of the water samples. The result of Table 3 shows therefore that the well water 
samples sited at distances of 3 m and 6 m respectively from the sanitary pits are 
not fit for human consumption due to the high faecal contamination of the sam-
ples which probably contributed to the microbial load in the well water samples 
being above its recommended threshold limits for a quality water. 

According to World Health Organization (2011) [12] recommendations, there 
should be no faecal conforms in 100 ml water and the reason for the gross con-
tamination of the studied well water samples by the isolated and detected patho-
gens as observed in this study may be due to the shallowness of the well and its 
proximity (especially at sampling distances of 3 m and 6 m) to the sanitary pits 
that consequently allowed seepage of pathogens into the water bodies.  

The detected pathogens in the studied water samples have been implicated in 
a host of water borne infections which include diarrhea, dysentery, typhoid fever 
and cholera and have been complicated in mortality across the World [12]. 

Yahaya T.O. et al. [14] reported a higher mean bacterial count of 12,000 (Cfµ/g) 
in well water consumed in Ilaje in Lagos State, than what this study reported at 
the investigated sampling distances from the sanitary pits.  

Lead 
Result of Table 4 and Figure 1 shows that the mean levels of Pb in the well 

water sample at sampling distances of 3, 6 and 10 m from the sanitary pits were 
0.13 ± 0.01, 0.06 ± 0.02 and 0.03 ± 0.01 µg/g respectively. 
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Figure 1. Bar chart representation of the mean levels of Pb in the water samples at deter-
mined sampling distances from the sanitary pits. 
 
Table 4. Mean heavy metal levels (µg/g) at well water sampling distances of 3, 6 and 10 m 
respectively from the sanitary pits. 

Metal 

Mean heavy metal concentrations (µg/g) at 
determined sampling distances from the sanitary pits F test, 

p value 

[12] 
Permissible 

limits 3 m 6 m 10 m 

Pb 0.13 ± 0.01 0.06 ± 0.02 0.03 ± 0.01 0.01 0.05 

Cd 0.05 ± 0.01 0.03 ± 0.01 0.02 ± 0.00 0.02 0.03 

Cu 1.71 ± 0.21 1.02 ± 0.10 0.46 ± 0.14 0.01 2 

Zn 7.03 ± 0.29 4.02 ± 0.51 1.63 ± 0.30 0.01 10 

 
The mean levels of Pb in the water samples were observed to decrease with 

increase in the sampling distance from the sanitary pits. The levels of Pb in the 
water samples at the investigated sampling distances from the sanitary pits dif-
fered significantly. The mean levels of Pb in the water samples at sampling dis-
tances of 3 and 6 m respectively from the sanitary pits were above the WHO 
recommended permissible limits for a safe drinking water. 

The result of Table 3 clearly shows that seepage of waste fluids from the sani-
tary pits into the acquifer of the well water samples were highly likely especially 
with shallow hand dug wells and could have significantly contributed to the tox-
ic levels of Pb at reduced distances (3 m and 6 m) from the the sanitary pits.  

According to Edori O.S. and Kpee F. [23], the presence of Pb in underground 
water may be as a result of corrosion of plumbing works in households, domestic 
waste discharge, industrial effluent discharge, erosion, poorly constructed swage 
system and mining activities. 

According to Jarup L. [15] the health implication of Pb poisoning through food 
and water are very severe as this include, miscarriage, poor foetus development, 
birth defects, kidney problems and low 1Q amongst children and alteration of 
the central and peripheral nervous system.  

Yahaya T.O. et al. [14] reported a higher mean value of 0.25 ± 0.01 µg/g for Pb 
in well water samples in Iwaya area in Lagos, than what this study obtained for 
Pb in the well water samples at the investigated sampling distances from the sa-
nitary pits.  

Cadmium 
Result of Table 4 shows that the mean levels of Cd in the well water samples 
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at water sampling distances of 3, 6 and 10 m from the sanitary pits were 0.05 ± 
0.01, 0.03 ± 0.01 and 0.02 ± 0.00 µg/g respectively.  

As the case with Pb, the mean levels of Cd in the water samples were observed 
to decrease as the sampling distances from the sanitary pits were increased. The 
levels of Cd in the water samples at sampling distances of 3, 6 and 10 m respec-
tively from the sanitary pits differed significantly at p < 0.05. (Figure 2)  

The mean levels of Cd in the well water samples at a sampling distance of 3 m 
from the sanitary pits was above the WHO recommended threshold limits for a 
safe drinking water. 

According to Yakassai I.A. et al. [24], the concentration of Cd and other heavy 
metals in ground water is dependent on the closeness of the water source to the 
roads with high traffic density, industrial activities like metal melting coal refin-
ing, oil fired power stations, electroplating plants, climatic conditions, solid waste 
disposal and poor sewage system. This conclusion by Yakassai I.A. et al. [24] to-
tally agreed with the result of this study in which the mean levels of the investi-
gated metals in the water samples were found to increase as the distance of the 
water samples decreased from the sanitary pits. Long-term exposure to Cd could 
cause kidney damage, lung cancer, hypertension and bone diseases [14]. 

Yahaya T.O. et al. [14] reported a comparable mean value of 0.02 µg/g for Cd 
in well water samples in Iwaya and Makoko areas in Lagos State, with what this 
study obtained for Cd in the well water samples at sampling distances of 6 and 
10 m respectively from the sanitary pits.  

Akinifesi O.J. and Akinneye J.O. [25] reported a lower mean value of 0.01 µg/g 
in well water samples in Ondo metropolis, Ondo state, than what was obtained 
for Cd in the well water samples at the investigated sampling distances from the 
sanitary pits. 

Copper 
Result of Table 4 shows that the mean levels of Cu in the well water samples 

at sampling distances of 3, 6 and 10 m from the sanitary pits were 1.72 ± 0.21, 
1.02 ± 0.010 and 0.46 ± 0.14 µg/g respectively. 

The mean levels of Cu in the water samples decreased as the sampling dis-
tance from the sanitary pits increased. 

The levels of Cu in the well water samples at the sampling distances of 3, 6 and 
10 m respectively from the sanitary pits were statistically significant. (Figure 3) 
 

 

Figure 2. Bar chart representation of the mean level of Cd in the water samples at sam-
pling distances of 3, 6 and 10 m respectively from the sanitary pits. 
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Figure 3. Bar chart representation of the mean levels of Cu in the well water samples at 
sampling distances of 3, 6 and 10 m respectively from the sanitary pits. 
 

The mean levels of Cu in the well water samples at the investigated sampling 
distances from these sanitary pits were within WHO recommended threshold 
limits for a safe drinking water.  

Yahaya T.O. et al. [14] reported a mean value of 0.48 µg/g for Cu in the well 
water samples in Makoko area of Lagos—South West Nigeria, which compared 
very well with what this study obtained for Cu in the well water samples at sam-
pling distance of 10 m from the sanitary pits.  

Nwoke I.B. and Edori E.S. [26] obtained a lower mean value of 0.05 µg/g for 
Cu in the borehole water samples in Ikono urban in Akwa-Ibom State, than what 
this study got for Cu in the well water samples at the investigated sampling dis-
tance from the sanitary pits.  

Copper is important in the formation of the foetus, building of man’s immune 
system, development of the brain, transmission of message by the neuron and 
anti oxidative properties [23]. 

According to United States Environmental Protection Agency (2005) [27], at 
high concentration in the human body, copper causes abnormal copper reten-
tion in the liver (Wilson disease), irritation of the intestine and kidney damage. 

Zinc 
Result of Table 4 shows that the mean levels of Zn in the well water samples at 

sampling distances of 3, 6 and 10 m from the sanitary pits were 7.03 ± 0.29, 4.02 
± 0.51 and 1.63 ± 0.30 µg/g respectively.  

The mean levels of Zn in the water samples decreased with increase in sam-
pling distance from the sanitary pits. 

The levels of Zn in the water samples at the investigated sampling distance of 
3, 6 and 10 m respectively from the sanitary pits were statistically significant. 
The mean levels of Zn in the water samples at the investigated sampling dis-
tances from the sanitary pits were within the WHO recommended threshold 
limits for a safe drinking water. (Figure 4)  

Yahaya T.O. et al. [14] reported a lower mean value of 2.53 µg/g for Zn in the 
well water samples in Makoko area in Lagos, than what this study reported for 
Zn in the studied well water samples at sampling distances of 3 and 6 m respec-
tively from the sanitary pits.  

However, the reports of Yahaya T.O. et al. [14] for Zn in the well water sam-
ples in Makoko, Ileja and Ileja areas of Lagos was higher than the mean value  

https://doi.org/10.4236/jwarp.2021.135020


O. Okeke et al. 
 

 

DOI: 10.4236/jwarp.2021.135020 335 Journal of Water Resource and Protection 
 

 

Figure 4. Bar chart representation of the mean levels of Zn in the well water samples at 
sampling distances of 3, 6 and 10 m respectively from the sanitary pits. 
 
obtained for Zn in the well water samples at a sampling distance of 10 m from 
the sanitary pits. 

Although zinc is not a human carcinogen, however excessive exposure to it 
through the food chain could lead to vomiting dehydration, abdominal pain, le-
thargy dizziness and apoptosis of the brain [28].  

The contamination/pollution index values according to Lacatusu R. [29]: <0.1 
is very slightly contaminated; 0.10 - 0.25 is slightly contaminated; 0.26 - 0.5 is 
moderately contaminated; 0.51 - 0.75 is severally contaminated; 0.76 - 1.00 is 
very severely contaminated; 1.1 - 20 is slightly polluted; 2.1 - 4.0 is moderately 
polluted; 4.1 - 8.0 is severely polluted; 8.1 - 16.0 is very severely polluted and >16 
is excessively polluted.  

Result of Table 5 shows that the well water samples at sampling distance of 3 
m from the sanitary pits was severely polluted with Pb; slightly polluted with Pb 
at a sampling distance of 6 m from the sanitary pits and severely contaminated 
with Pb at a sampling distance of 10 m from the sanitary pits. Apart from the 
proximity of the well water samples to the sanitary pits, other anthropogenic ac-
tivities like fertilizer application taking place within the studied environment 
could have significantly contributed to the increased pollution index values of Pb 
at sampling distances of 3 and 6 m respectively from the sanitary pits.  

Pollution index values of Cd in the well water samples at sampling distances 
of 3, 6 and 10 m respectively from the sanitary pits indicated a moderate to very 
severe contamination of the water samples with Cd. The health implication of 
this development on the residents of the community who consumes this water 
daily cannot be over emphasized.  

The pollution index values of Cu and Zn in the water samples at sampling 
distances of 3, 6, and 10 m respectively from the sanitary pits indicated a slight 
to very severe contamination of the water samples with Cu and Zn.  

Anake W.V. et al. [30] reported a higher pollution index values of 7.50 for Pb 
in drinking and ground water sources in Ofa, Ogun State Nigeria than what was 
obtained for the metal in the studied well water samples at sampling distances of 
3, 6 and 10 m respectively from the sanitary pits. 
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Table 5. Pollution index of the heavy metals in the well water samples at sampling dis-
tances of 3, 6 and 10 m respectively from the sanitary pits.  

Metal 
Pollution index at the determined sampling distances from the sanitary pits. 

3 m 6 m 10 m 

Pb 6.5 1.2 0.6 

Cd 1 0.6 0.4 

Cu 0.85 0.61 0.29 

Zn 0.70 0.40 0.16 

4. Conclusions 

The study shows that closeness of well water sources to sanitary pits significantly 
increases the faecal contamination of such well water and thereby increasing the 
presence of pathogenic organisms in the well water. For example, pathogenic 
bacteria such as Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli 
and Salmonella enteritidis were isolated and detected in the well water samples 
at sampling distances of 3, 6 and 10 m respectively from the sanitary pits. How-
ever, the mean bacteria count of these detected bacteria showed that they were 
above the WHO recommended threshold limits for safe drinking water, espe-
cially at sampling distances of 3 and 6 m respectively from the sanitary pits. The 
result, therefore, indicates a serious health risk to the continued consumption of 
the well water at the proximal distances of 3 and 6 m respectively from the sani-
tary pits.  

The proximity of the sanitary pits to the often shallow hand dug well samples 
which increased the leachates of fluid wastes from the sanitary pits into the ac-
quifer of the well water samples along with other anthropogenic activities like 
fertilizer application within the studied environments could have been the rea-
son for the high mean levels of Pb and Cd in the water samples. 

The mean levels of Cd and Pb in the well water samples at sampling distances 
of 3 and 6 m respectively from the sanitary pits were above the WHO recom-
mended permissible limits for safe drinking water. The mean levels of the four 
investigated metals in the well water samples at a sampling distance of 10 m from 
the sanitary pits were within their respective threshold limits for safe drinking 
water. 

The pollution index values of the investigated heavy metals showed that the 
well water samples were severely contaminated with Cd at a sampling distance of 
3 m from the well sanitary pits while the well water samples were slight to se-
verely polluted with Pb at sampling distances of 3 m and 6 m respectively from 
the sanitary pits. The countless number of people gets water borne infections on 
daily basis, sometimes leading to fatalities in developing countries like Nigeria, 
because of poor access to safe quality water, therefore, stricter enforcement of 
regulation towards ensuring that well water or borehole water are sited at a rea-
sonable of 10 - 15 m, from sanitary pits is one way of increasing the assessment 
of people in rural communities to safe water sources that are fit for human con-
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sumption and also with very minimal levels of biological and non-biological 
contaminants. 
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