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The study investigated the sanitary conditions, as well as the water quality of 
20 hand-dug in various households of Yelwa-Tudu community in Bauchi, 
Bauchi State, Nigeria. Yelwa-Tudu community was zoned into five areas and 
20 hand-dug wells were randomly selected from the community, with 4 wells 
selected from each zone. Sanitary inspection format prescribed by the WHO 
was employed to assess sanitary condition of the wells. Water samples were 
taken from the 20 hand dug wells were assessed for bacteriological and 
physiochemical parameters. The bacteriological parameter tested for was 
total coliform count, while the physiochemical parameters were: colour, 
turbidity, temperature, pH, biochemical oxygen demand (BOD), chemical 
oxygen demand (COD), total suspended solids, chromium (Cr+6), iron (Fe+2), 
manganese (Mn+2), lead (Pb), zinc (Zn), copper (Cu+2) and free residual 
chlorine (Cl). The wells were found to be at various levels of risk and all the 
samples from the private hand-dug wells tested positive to total coliform 
count. The physiochemical parameters of the well waters were compared 
with the guidelines set by the World Health Organization (WHO) and the 
Nigerian Standards for Drinking Water Quality (NSDWQ) and the chromium 
(Cr+6) and lead (Pb) levels were above the maximum permissible value. The 
study therefore recommends that hand-dug wells should be sited at a 
minimum recommended distance of 10 m away from latrines and other 
sources of pollution and the water quality standard should be enforced to 
improve the health of the community. It also recommends that knowledge 
about the method of sanitary risk assessment of hand-dug wells and other 
groundwater sources be disseminated and made known to the public. 
 
Key words Sanitary risk assessment, hand-dug wells, groundwater, water quality, 
sanitation 

 

 

INTRODUCTION 
 
With increasing inadequacy of the maintenance of the 
microbial quality of groundwater in urban areas, more 
cities will find themselves facing problems of unacceptable 
water quality, with Bauchi not being an exception. 
Inadequate maintenance of groundwater in urban 
communities of developing countries is compounded by 
many factors, including difficulty in keeping microbiological 
contamination to acceptable limits and difficult socio-
economic conditions. Consequently, these urban 
communities consume water of poor quality, which may 

put them at risk of infection from pathogenic 
microorganisms.  

The provision of water and sanitation facilities are 
important public health measures that contribute 
significantly to the reduction in the disease burden of 
populations. The provision of such facilities is also critical 
to socio-economic development and has important equity 
implications as increasing numbers of international 
protocols and national policies emphasize the “rights-
based” approach to development (WHO, 1996). 
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Peri-urban areas in developing countries are often densely 
populated with poor living standards and few or no 
connections to sewage networks or water pipes. A greater 
part of the population have thus to rely on unsafe water 
supplies and poor sanitation facilities, resulting in severe 
health problems. Simple On-Site Sanitation (OSS) units e.g. 
pit latrines or pour flush latrines, are a common solution for 
disposal of excreta in these settings. A high density of pit 
latrines is known to increase the risk of groundwater 
contamination and to pollute shallow wells or bore wells 
used for domestic/drinking purposes, particularly during 
seasons when the water table is high. 

According to Collins (2000), wells are often more 
vulnerable to contamination than deeper boreholes. Whilst 
some shallow dug wells have mechanized pumping, the 
majority particularly those in developing countries have 
water abstraction through some forms of hand pump, 
windlass or rope and bucket system. In developing 
countries, the use of poorly protected groundwater sources 
have been liked to acute diarrheal disease.” 

Water for domestic activities like drinking, cooking, and 
washing must be microbiologically safe, free from 
undesirable substances, not coloured, and with desirable 
taste. Water in this state can be said to be potable since its 
consumption may not lead to any health problems (Appiah 
and Momende, 2010). 

On-site sanitation systems generally influence the safety 
of groundwater and Van Ryneveld (1997) showed that 
pollution from on-site sanitation is influenced by varying 
subsurface conditions, varying contaminants, and varying 
mechanisms of movement through different layers of soil.  

Again, most peri-urban areas in Nigeria often have to 
make provision for latrines in their houses as well as well 
water due to two important issues that are in the interest of 
public health. The first issue, which is associated with the 
need for provision of latrines for individual households, 
addresses the problem of open defecation. The second issue 
which concerns water for domestic uses addresses the 
problem of inadequate or irregular water supply from 
public/ municipal water supply system. Households, 
therefore, are left with little or no option but to dig wells in 
their houses to augment, if not to replace the unpredicted 
public water supply. 

Yelwa-Tudu community is faced with infrastructural and 
developmental problems due to overcrowding in various 
localities. The community has numerous institutions and 
schools. The community is also a commercial centre and a 
residential area.  

This research is therefore using the Sanitary risk 
assessment which is a method that describes the necessary 
measures taken to protect against risks linked with food 
and water safety, human and animal health and plant 
protection or to prevent or limit damage within the 
territory of a member from the entry, establishments and 
spread of pests. The research assessed the sanitary risks of 
twenty ground water sources (hand-dug wells) in Yelwa-
tudu, Bauchi, Bauchi State, and whether it meets the 
minimum    requirements    of      safe     water    for     human 

 
 
 
 
consumption. 
 
Objectives 
 

 To identify the actual and potential sources of 
contamination of hand-dug wells in Yelwa Tudu, Bauchi 
 To analyze the sanitary conditions of these 
groundwater sources 
 To support the operation and maintenance of 
hand-dug wells by providing clear guidance for remedial 
action to protect and improve water supply 
 
 
MATERIALS AND METHODS 
 
Yelwa-Tudu community is situated in Bauchi, Bauchi, 
Nigeria. It is located in north-eastern Nigeria on longitude 
10° 17’ 0’’ North and latitude 9°47’ 0’’ East. The annual 
rainfall ranges between 1300mm per annum in the south 
and only 700mm per annum in the extreme North for three 
to four months. The predominant mother tongue spoken in 
the Yelwa-Tudu municipality of Bauchi, Bauchi State is 
Hausa. The land is gently sloping with little or no stream 
flowing across. There is a lot of sunshine in this area and 
temperature ranges between 29.2°C in July and August to 
37.6°C in March and April. The dry harmattan winds blow 
over this area during the hazy dusty months of December to 
February. 
 

Selection of Wells 
 

Over hundred (100) hand-dug wells are dug in this area 
and twenty (20) hand-dug wells were randomly selected 
from five (5) zones, with a selection of four hand-dug wells 
from each zone. 

Due to the size and population of the Yelwa-Tudu 
community, it was divided into five (5) zones to make the 
selection of wells easier and to have a general idea on the 
conditions of the wells in this community. 

The criteria for the selection of wells in this community 
were based primarily on the construction pattern and mode 
of operation of the wells. The different zones are elaborated 
briefly as: 
 Zone 1 (along Yelwa-Tudu market road): This zone 

is located along the Yelwa-Tudu market road and the mean 
well-latrine distance is 7m. 
 Zone 2 (Angwan-gas): This zone lies further ahead 

of the Yelwa-Tudumarket road and the primary activity in 
this zone is trading. The mean well-latrine distance is 7.5m. 
 Zone 3 (Angwan-cashew): This zone lies further 

west of the Yelwa-Tudu market in the study area. It is 
primarily a residential area have a mean well-latrine 
distance of 7m. 
 Zone 4 (Yelwa-Tudu market): This zone lies in the 

center of the study area and has mean well-latrine  distance 
of    6.5m.    The    primary    activity    in    the   part of   the 

community is trading. 
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Table 1. Drinking Water Quality Guidelines for the WHO and NSDWQ 
 

PARAMETER 
WHO 

NSDWQ 
Highest Desirable level Maximum Permissible Level 

Temperature (OC) __ 40 Ambient 
Colour (TCU) 6 15 15 
Turbidity (NTU) 5 25 5 
pH 7.0-8.5 6.5-9.2 6.5-8.5 
Total dissolved solids (mg/L) 500 1500 500 
Iron (mg/L) __ 0.3 0.3 
Chloride (mg/L) __ 250 250 
Flouride (mg/L) __ 1.5 1.5 
Total hardness (mg/L) __ 500 500 
Sulphate (mg/L) __ 100 100 
Nitrate (mg/L) __ 50 50 
Faecal coliform (per 100ml) __ 0 0 
E. coli (per 100ml) __ 0 0 
Total coliform count (per 100ml) __ 0 10 

 

WHO (2004) - World Health Organization 
NSDWQ (2010) - Nigerian Standard for Drinking Water Quality 

 
 

 
 Zone 5 (beside ATBU): this lies north of the study 

area and has a mean well-latrine distance of 12.7 m. Four 
wells were selected in this area. 

A systematic approach was taken by using a standardized 
sanitary inspection format recommended by the World 
Health Organization (WHO, 1996) for Sanitary Risk 
Assessment. The procedure involved completing a 10-point 
standardized data form with a series of questions with a yes 
and no options for designated risks. The WHO (1996) 
established format for sanitary inspection forms consist of 
factors used to assess the sanitary risk of any groundwater 
source may involve some or all of the following:  
 The proximity of latrines within 10m of the facility 
 An animal, human waste or refuse dump within 

10m of the facility 
 Presence of animal breeding within 30m of the well 
 Presence of faulty drainage, allowing ponding 

within 2m of the well 
 Assessing the condition of the drainage if its 

cracked, broken or needs cleaning 
 A faulty or missing fence 
 A collection of spilt water in the apron area 
 A cracked or damaged apron 
 A loose hand pump at the point of attachment 
 The condition of the well cover in terms of it being 

unsanitary 
 If the well is open when not in use 
 Do people use their own rope and bucket when 

fetching water 
 Are ropes and buckets possibly contaminated 

when used(e.g. being put on the ground) 
Laboratory analyses were carried out using the 

international guidelines using the Standard Methods for the 
Examination of Water and Wastewater. (APHA, 1998). The 
heavy metals in samples were measured using the Atomic 

Absorption Spectrophotometer (AAS) as per international 
guidelines.  
 
 
RESULTS  
 
The drinking water quality guidelines as determined by 
WHO in 2006 and Nigeria Standards for Drinking Water 
Quality (NSDWQ) in 2010 are presented in Table 1. These 
guidelines were set mainly for health reasons. However, the 
guidelines also take into consideration the psychological 
effect and aesthetic aspect associated with drinking water, 
for example the objection of the water due to colour or 
odour or turbidity. 
Field results obtained from the research are presented in 
Tables 2 to 8. 

The characteristics of the 20 sampled wells based on the 
age of the wells and distance from latrines is presented in 
Table 2. 
 
Mode of Operation and Construction Type of Hand-dug 
Wells 
 
The mode of operation and construction pattern of these 
wells are presented in Table 3. 
 
Sanitary Survey Results 
 
Table 4 presents the qualitative risk profile of the five 
zones. This covers all the sampled Hand Dug Wells (HDWs) 
studied. 
 
Assessment of Hand-dug Wells in Relation to Sanitary-
risk Factors 
 
The  assessment of  the sanitary the sample wells in relation 
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Table 2. Characteristics of sampled hand-dug wells 
 

Code Approx. Age (yrs) Distance to latrine (m) Latrine Type 
HDW 1 30 15.8 Pour flush 
HDW 2 20 11.1 Pour flush 
HDW 3 24 5.6 Pour flush 
HDW 4 40 11.4 VIP 
HDW 5 12 8.7 VIP 
HDW 6 10 5.8 VIP 
HDW7 10 3.9 Traditional pit 
HDW 8 13 10.6 Pour flush 
HDW 9 7 4.3 Pour flush 
HDW 10 10 6.4 VIP 
HDW 11 5 3.8 Pour flush 
HDW 12 5 6.9 VIP 
HDW 13 25 15.6 Pour flush 
HDW 14 8 2.4 Pour flush 
HDW 15 12 6.3 Pour flush 
HDW 16 10 4.8 Pour flush 
HDW 17 15 6.8 Traditional pit 
HDW 18 6 17.4 Pour flush 
HDW 19 9 6.7 VIP 
HDW 20 16 4.6 VIP 

 
 

Table 3. Mode of operation and type of construction of sampled hand-dug wells 
 

Code construction pattern mode of operation 

HDW 1 semi-protected Bucket and rope 
HDW 2 semi-protected Pump/ bucket and rope 
HDW 3 semi-protected Bucket and rope 
HDW 4 unprotected Bucket and rope 
HDW 5 unprotected Bucket and rope 
HDW 6 unprotected Bucket and rope 
HDW7 unprotected Bucket and rope 
HDW 8 semi-protected Bucket and rope 
HDW 9 unprotected Bucket and rope 
HDW 10 semi-protected Bucket and rope 
HDW 11 well-protected Pump 
HDW 12 semi-protected Bucket and rope 
HDW 13 semi-protected Bucket and rope 
HDW 14 unprotected Bucket and rope 
HDW 15 semi-protected Bucket and rope 
HDW 16 semi-protected Bucket and rope 
HDW 17 unprotected Bucket and rope 
HDW 18 well-protected Pump/ bucket and rope 
HDW 19 unprotected Bucket and rope 
HDW 20  semi-protected Bucket and rope 

 
 
 
to sanitary-risk factors in presented in Table 5 below. 

 
Bacteriological Parameter 
 
The quantitative bacteriological analysis of the hand-dug 
wells was carried out in the dry month of October, 2014 
and the result has been presented in Table 6. 
 
Physiochemical parameters 
 
The result of the physiochemical parameters of the sampled 

wells are presented in Table 7. 

 
Comparing the Physiochemical Parameters of Water 
Samples to WHO and NSDWQ Guidelines 

 
The mean ± SD values of the physiochemical parameters of 
the sample wells were compared with the WHO and 
NSDWQ guidelines for drinking water quality and are 
presented in Table 8. 
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Figure 1: Construction pattern of sampled hand-dug wells 

 
 
 
DISCUSSIONS 
 
It is seen from the Table 2 above that 83.33 % of the 
recently dug wells (i.e wells less than 10years old) are 
within 10 meters proximity to latrines. 

From the Table 3, it is seen that 85 % of the sampled 
wells used the bucket and rope water abstraction method, 
while 10 % and 5 % of the sampled wells had a pump/ 
bucket and rope and pump water abstraction method 
respectively. Half (50%) of the wells investigated were 
semi-protected. Protected wells comprised the minority 
(10%) as shown in Figure 1. 

From Table 4, the results of the sanitary survey indicated 
that most of the HDWs were at risk of contamination with 
bacterial or faecal organisms. The qualitative aggregate risk 
score varied from low through medium to very high. Fifteen 
percent (15 %) of the HDWs had a very high risk score (90 
% and above), while seventy percent (70 %) had a high risk 
score (60–80 %). Ten percent (10 %) of the wells had a 
medium risk score and five percent (5 %) had a low risk 
score. None of the HDWs had a risk score of zero. The 
common risks identified were: distance between latrine 
and well less than 10 m; inadequate concrete apron height 
and diameter; within 10m proximity to source of pollution; 
fetching rope exposed to the ground; and fetching container 
placed improperly. 

From the results presented in Table 5, it is seen that 95 % 
of the sampled wells have a close proximity to sources of 
pollution. 95 % of the sample wells also stand a risk of 
possible contamination from the method used to abstract 
the water from these wells and have less adequate apron 

around the well head. It is also seen from the results that 80 
% of these sampled wells do not possess adequate well seal. 
75 % of these wells are within 10m closeness to latrine, 75 
% also have ponding of water within 2m around the 
wellhead. Meanwhile, the 65 % of the sampled wells are 
exposed to the risk of being contaminated by an uphill 
latrine and also have cracked apron permitting inlet of 
water into the well. 

The quantitative aspect of bacteriological analysis 
presented in Table 6 indicated that all samples were 
positive to Total coliform count. The total coliform count 
for the HDWs varied from 2×103 to 121×103 coliforms per 
100 ml and when compared with the acceptable standards 
prescribed by both WHO and NSDWQ (0 and 10 coliforms 
per 100ml respectively), they are seen to be below the 
standard. The lowest total coliform count of 2×103 

coliforms per 100ml was recorded for HDW 18 and the 
highest value for the total coliform count of 121×103 was 
recorded for HDW 7. 

It is seen in Tables 7 and 8 that the chromium content 
level in all the sampled well was far greater than the 
recommend value of the NSDWQ. High chromium content 
level has an adverse impact of causing cancer in man. It is 
also seen from the tables that the zinc (Zn), copper (Cu+2), 
iron (Fe+2), manganese (Mn+2), free chlorine residual (Cl), 
colour, temperature, turbidity and biochemical oxygen 
demand (BOD)levels for all the sampled wells  were within 
the acceptable limits of both WHO and NSDWQ. Though 
zinc (Zn), iron (Fe+2), free chlorine (Cl) residual, colour& 
turbidity and temperature have no adverse health impact, 
high levels of copper and manganese cause gastrointestinal  
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Table 4. Qualitative sanitary risk profile of the sampled HDWs in the five zones 

 
Location (GPS coordinates) Code Risk observed Percent risk score (%) Qualitative risk score 
10.27271oE, 9.79569oN HDW 1 1, 3, 4, 5, 6, 7, 10 70 High risk 
10.27163oE, 9.79693oN HDW 2 1, 3, 4, 7, 8, 10 60 High risk 
10.27150oE, 9.79692oN HDW 3 1, 2, 3, 4, 7, 9, 10 70 High risk 
10.27164oE, 9.79654oN HDW 4 2, 3, 4, 7, 8, 9, 10 70 High risk 
10.27622oE, 9.79358oN HDW 5 1, 2, 3, 7, 8, 9, 10 70 High risk 
10.27644oE, 9.79294oN HDW 6 2, 3, 4, 5, 6, 7, 8, 9, 10 90 Very high risk 
10.27087oE, 9.80026oN HDW 7 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 100 Very high risk 
10.27090oE, 9.79993oN HDW 8 1, 2, 3, 4, 6, 7, 8, 10 80 High risk 
10.26984oE, 9.79528oN HDW 9 1, 2, 3, 4, 7, 8, 9, 10 80 High risk 
10.26907oE, 9.79428oN HDW 10 1, 2, 3, 4, 6, 7, 8, 10 80 High risk 
10.26907oE, 9.74943oN HDW 11 1, 3, 7 30 Medium risk 
10.27072oE, 9.79254oN HDW 12 1, 2, 3, 4, 5, 7, 8, 10 80 High risk 
10.27343oE, 9.79538oN HDW 13 3, 4, 8, 9, 10 50 Medium risk 
10.27341oE, 9.79549oN HDW 14 1, 2, 3, 4, 7, 8, 9, 10 80 High risk 
10.27319oE, 9.79560oN HDW 15 1, 2, 3, 7, 8, 9, 10 70 High risk 
10.27286oE, 9.79561oN HDW 16 3, 4, 7, 8, 9, 10 60 High risk 
10.27416oE, 9.79463oN HDW 17 1, 2, 3, 4, 7, 8, 9, 10 80 High risk 
10.27469oE, 9.79488oN HDW 18 7, 10 20 Low risk 
10.27456oE, 9.79422oN HDW 19 1, 2, 3, 4, 5, 7, 8, 9, 10 90 Very high risk 
10.27533oE, 9.79417oN HDW 20 1, 3, 7, 8, 9, 10 60 High risk 

 

Key 
1= Is there a latrine within 10 m of the well?  
2= Is the nearest latrine on higher ground than the well? 
3= Is there any other source of pollution (e.g. animal excreta, rubbish) within 10 m of the well?  
4= Is the drainage poor, causing stagnant water within 2m of the well?  
5= Is there a faulty drainage channel? Is it broken, permitting ponding?  
6= Is the wall (parapet) around the well inadequate, allowing surface water to enter the well?  
7= Is the concrete floor less than 1m wide around the well?  
8= Are the walls of the well inadequately sealed at any point for 3m below ground? 
9= Are there any cracks in the concrete floor around the well which could permit water to enter the well?  
10= Are the rope and bucket left in such a position that they may become contaminated? 

 
 

Table 5. Assessment of the HDWs in relation to sanitary-risk factors 
 

Sanitary risk factor Number of wells Percentage (%) 
Latrine within 10m of the well 15 75 
Presence of an uphill latrine 13 65 
Source of pollution within 10m of well  19 95 
Poor drainage causing stagnancy of water within 2m of well  15 75 
Presence of faulty or broken drainage channel 5 25 
Lack of adequate headwall 5 25 
Lack of adequate apron around well head 19 95 
Lack of adequate seal up to 3m below ground level in the well 16 80 
Cracked concrete apron permitting inlet of surface water into the well 13 65 
Possible contamination from abstraction method  19 95 

 
 
 
and neurological disorders respectively. High biochemical 
oxygen demand (BOD) level in water causes suffocation and 
eventually death of sensitive aquatic organisms if the water 
is released into bigger bodies of water serving as habitats  
for these organisms. However, lead content and pH values 
for all the sampled wells were not within the acceptable 
range prescribed by WHO and NSDWQ. Though high and 
low pH values have no adverse health effect, high level 
consumption of lead causes cancer and affects mental 
developments in infants. 

Figure 2 shows that all the wells sample have results of 
total coliform above acceptable limits for drinking water. 
 
Sanitary Survey Around the Hand-dug Wells (HDWs) 
 
The results of the sanitary survey, indicated that most of 
the HDWs were at risk of contamination with bacterial or 
faecal organisms. The qualitative aggregate risk score 
varied from low through medium to very high. The 
qualitative aggregate risk score varied from low through  
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Table 6. Quantitative bacteriological analysis for the sampled hand-dug wells 
 

Samples WHO NSDWQ 
HDW 

1 
HDW 

2 
HDW 

3 
HDW 

4 
HDW 

5 
HDW 

6 
HDW 

7 
HDW 

8 
HDW 

9 
HDW 

10 
C
1 

Total Coliform  
count (per 100ml) 

0 per 
100ml 

10 per 
100ml 

11 x 
1000 

16x 
1000 

52x 
1000 

16x 
1000 

67x 
1000 

91x 
1000 

121x
1000 

48x 
1000 

41x 
1000 

15x 
1000 0 

 

Samples WHO NSDWQ 
HDW 

11 
HDW 

12 
HDW 

13 
HDW 

14 
HDW 

15 
HDW 

16 
HDW 

17 
HDW 

18 
HDW 

19 
HDW 

20 
C
2 

Total Coliform  
count (per 100ml) 

0 per 
100ml 

10 per 
100ml 

7 x 
1000 

92x 
1000 

26x 
1000 

57x 
1000 

29x 
1000 

36x 
1000 

66x 
1000 

2x 
1000 

62x 
1000 

33x 
1000 0 

 
 

Table 7. Results of Physiochemical Parameters of 6 Sampled Wells 
 

Parameter Unit 
Sampled Wells 

                HDW 1             HDW 2             HDW 3 

  
 

Sample 
1 

Sample 
2 Mean SD 

Sample 
1 

Sample 
2 Mean SD 

Sample 
1 

Sample 
2 Mean SD 

Chromium mg/l 1.12 1.1 1.11 0.014 1.01 0.91 0.965 0.777 1.03 1.03 1.03 0 
Zinc mg/l 0 0 0 0 0 0 0 0 0 0 0 0 
Lead mg/l 0.03 0.03 0.03 0 0.07 0.08 0.075 0.007 0.15 0.11 0.13 0.03 
Copper mg/l 0.01 0.01 0.01 0 0.01 0.01 0.01 0 0.01 0.01 0.01 0 
Iron mg/l 0 0 0 0 0 0 0 0 0 0 0 0 
Manganese mg/l 0 0 0 0 0 0 0 0 0 0 0 0 
Free Chlorine mg/l 0.1 0.1 0.1 0 0.1 0.1 0.1 0 0.1 0.1 0.1 0 
pH 

 
6.2 5.9 6.05 0.212 6.1 6.33 6.215 0.162 5.87 5.91 5.89 0.03 

Colour TCU 0 0 0 0 0 0 0 0 0 0 0 0 
Turbidity NTU 0 0 0 0 0 0 0 0 0 0 0 0 

Temperature 
Deg. 
Cent 27.5 27.5 27.5 0 28 27.7 27.85 0.212 28 28 28 0 

TSS 
g/10
0ml 0.4 0.34 0.37 0.042 0.1 0.16 0.13 0.042 0.7 0.4 0.55 0.21 

COD mg/l 0 0 0 0 0 0 0 0 0 0 0 0 
DO mg/l 1.91 1.96 1.935 0.034 0.74 0.8 0.77 0.042 0.41 0.65 0.53 0.17 

Parameter Unit 
Sampled Wells 
         HDW 4          HDW 5           HDW 6 

    
Sample 

1 
Sample 

2 Mean SD 
Sample 

1 
Sample 

2 Mean SD 
Sample 

1 
Sample 

2 Mean SD 
Chromium mg/l 1.06 1.01 1.035 0.035 0.45 0.44 0.445 0.007 0.85 0.8 0.825 0.04 
Zinc mg/l 0 0 0 0 0 0 0 0 0 0 0 0 
Lead mg/l 0.11 0.1 0.105 0.007 0 0.01 0.005 0.007 0.01 0.12 0.065 0.08 
Copper mg/l 0.05 0.04 0.045 0.007 0.02 0.02 0.02 0 0.05 0.06 0.055 0.01 
Iron mg/l 0 0 0 0 0 0 0 0 0 0 0 0 
Manganese mg/l 0 0 0 0 0 0 0 0 0 0 0 0 
Free Chlorine mg/l 0.1 0.1 0.1 0 0.1 0.1 0.1 0 0.1 0.1 0.1 0 
pH 

 
5.6 5.6 5.6 0 5.9 5.81 5.85 0.063 5.1 5.17 5.13 0.05 

Colour TCU 0 0 0 0 0 0 0 0 0 0 0 0 
Turbidity NTU 0 0 0 0 0 0 0 0 0 0 0 0 

Temperature 
Deg. 
Cent 27.7 27.8 27.75 0.071 27.8 27.6 27.7 0.141 28 28 28 0 

TSS 
g/100

ml 0.3 0.24 0.27 0.042 0.1 0.13 0.115 0.021 0 0 0 0 
COD mg/l 0 0 0 0 0 0 0 0 0 0 0 0 
DO mg/l 0.87 0.83 0.85 0.028 1.3 1.21 1.255 0.063 0.82 0.9 0.85 0.06 

  
 
 
medium to very high. Fifteen percent (15 %) of the HDWs 
had a very high risk score (90 % and above), while seventy 
percent (70 %) had a high risk score (60–80 %). Ten 

percent (10 %) of the wells had a medium risk score and 
five percent (5 %) had a low risk score. None (0 %) of the 
HDWs  had  a  risk score of zero. The  most  prominent risks  
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Table 8. Physiochemical Parameters Compared with Standards 
 

Parameter Unit 

Mean+/-SD WHO NSDWQ 

HDW 1 HDW 2 HDW 3 HDW 4 

Max. 
Desirable 

level 
Max 

Permissible 
 

Chromium mg/l 
1.11+/-
0.014 

.965+/-
0.078 

1.03+/-
0 

1.035+/-
0.035 

  
0.05 

Zinc mg/l 0 0 0 0 
  

3 

Lead mg/l 0.03+/-0 
0.075+/-

0.007 
0.13+/-
0.028 

0.105+/-
0.007 

  
0.01 

Copper mg/l 0.01+/-0 0.01+/-0 
0.01+/-

0 
0.045+/-

0.007 
  

1 
Iron mg/l 0 0 0 0 

  
0.3 

Manganese mg/l 0 0 0 0 
  

0.2 
Free Chlorine mg/l 0.1+/-0 0.1+/-0 0.1+/-0 0.1+/-0 

  
0.2-0.25 

pH 
 

6.05+/-
0.21 

6.215+/-
0.163 

5.89+/-
0.028 5.6+/-0 7.0-8.5 6.5-9.2 6.5-8.5 

Colour TCU 0 0 0 0 6 
 

15 
Turbidity NTU 0 0 0 0 5 25 5 

Temperature 
Deg. 
Cent 27.5+/-0 

27.85+/-
0 28+/-0 

27.75+/-
0.071 

 
40 Ambient 

TSS g/100ml 
0.37+/-
0.042 

0.13+/-
0.042 

0.55+/-
0.212 

0.27+/-
0.424 

   COD mg/l 0 0 0 0 
   

DO mg/l 
1.9+/-
0.035 

0.77+/-
0.424 

0.53+/-
0.17 

0.85+/-
0.028 

  
<5 

  

Parameter Unit 

Mean+/-SD WHO NSDWQ 

HDW 5 HDW 6 HDW 7 HDW 8 

Max. 
Desirable 

level 
Max 

Permissible 
 

Chromium mg/l 
0.445+/-

0.007 
0.825+/-

0.035 
0.47+/-

0 
0.895+/-

0.021 
  

0.05 
Zinc mg/l 0 0 0 0 

  
3 

Lead mg/l 
0.05+/-
0.007 

0.065+/-
0.078 

0.14+/-
0.014 0 

  
0.01 

Copper mg/l 0.02+/-0 
0.055+/-

0007 
0.06+/-

0 
0.025+/-

0.007 
  

1 

Iron mg/l 0 
0.105+/-

0.007 0 0 
  

0.3 
Manganese mg/l 0 0 0 0 

  
0.2 

Free Chlorine mg/l 0.1+/-0 0.1+/-0 0.1+/-0 0.1+/-0 
  

0.2-0.25 

pH 
 

5.88+/-
0.064 

5+/-
0.049 

5.91+/-
0.014 

5.195+/-
0.007 7.0-8.5 6.5-9.2 6.5-8.5 

Colour TCU 0 0 0 0 6 
 

15 
Turbidity NTU 0 0 0 0 5 25 5 

Temperature 
Deg. 
Cent 27.7+/-0 28+/-0 28+/-0 

27.8+/-
0.071 

 
40 Ambient 

TSS g/100ml 
0.115+/-

0.027 0+/-0 
0.02+/-
0.014 

0.25+/-
0.071 

   COD mg/l 0 0 0 0 
   

DO mg/l 
1.255+/-

0.063 
0.86+/-
0.057 

1.45+/-
0.304 

0.505+/-
0.021 

  
<5 

 
 
 
identified were: lateral distances between latrine and 
HDWs less than 10m; cracks in the concrete apron and 
close proximity to sources of pollution (farm lands, poultry, 
animal trespassing, and refuse dump sites) 

It is   also  seen   that  the   wells   with  high  risk score are 

unprotected and use a bucket & rope method of abstracting 
water. The sampled wells with the low and medium risk 
scores all have pumps installed as a method of abstraction, 
hence the low and medium risk associated with these wells.  
High       and    very     high    risk     scores    indicate      faecal 
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Figure 2: Total Coliform Count Levels in Sampled Wells 

 
 
 
contamination of these wells. 
      
 
Conclusion and Recommendation 

 

1. The study shows that all of the hand-dug wells 
(HDWs) are at risk, identified sources of pollution are 
sanitation facilities within 10m of the HWDs with lack of 
adequate apron around well head, and possible 
contamination from abstraction method. 

2. The results also showed that all the samples of the 
HDWs were positive to total coliform count.  

3. The research showed that none of the 
physiochemical parameters such as temperature, turbidity, 
colour, zinc (Zn), copper (Cu+2), manganese (Mn+2), iron 
(Fe+2) free chlorine residual (Cl) and biochemical oxygen 
demand (BOD) of the sampled well were above the WHO 
and NSDWQ permissible values.  

4. Chromium (Cr+6) and lead (Pb) content levels, as 
well as pH values were above the permissible values of 
NSDWQ. 

From the analyses, it is recommended that: 
 The sanitation team and agencies should educate 

owners of private hand-dug wells to keep the head of their 
wells clean and routinely disinfect the well. 

 The implementation of regulations on safe drinking 
water by the Standard Organization of Nigeria (SON) and 

other enforcements agencies will go a long way to reduce 
incidences of water pollution and associated water borne 
diseases. 

 In addition to the above mentioned measures, it is 
essential that knowledge about the method of sanitary risk 
assessment of hand-dug wells and other groundwater 
sources be disseminated and made known to the public. In 
this regard, the establishment of National On-site Sanitation 
Study Bureau would be a great development. Awareness 
programmes to enlighten the public should also be carried 
out on a regular basis.   
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