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Abstract 

This work assess the Effect of Distances between soakaway and Borehole on 

Groundwater Quality in Karu LGA, Nasarawa State, Nigeria. The study used 

both primary and secondary data. Water is vital to the existence of all living 

organisms, but this valued resource is increasing being threatened as human 

populations grow and demand for more water of high quality for drinking 

purposes and economic activities increases. Water plays a significant role in 

maintaining the human health and welfare. Clean drinking water is now 

recognised as a fundamental right of human beings. The aim of this study is to 

assess the effect of distances between soakaway and borehole on groundwater 

quality in Mararaba, Karu Local Government Area of Nasarawa State. The 

specific objectives are: to investigate the bacteriological quality of the ground 

water sample obtained from boreholes within the study area, to investigate the 

physio-chemical l quality of the ground water sample obtained from boreholes 

within the study area. Environmental problems in Nigeria are varied and 

extremely serious. The case of Karu is no exception. The city suffers badly from 

a range of environmental threats, particularly waste and pollution, which are 

rapidly getting worse, as Karu is one of the fastest growing urban areas in 

Nasarawa State. The results obtained from this research work show that the 

degree of nearness of any groundwater source, to pollution source determines, 

to a large extent, the degree of pollution of that groundwater source. Based on 

the findings the following recommendations were made by the researcher: 

partners dealing with environmental management issues in Karu should work 
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together each time projects that involve groundwater development and onsite 

wastewater treatment are to be implemented, the Ministry of water  Resources 

and Nasarawa State Urban development board should consider provision of 

piped water and sewerage services to Karu in order to protect the community 

against waterborne diseases, officials of Karu LGA should work with the 

Geological agencies in identifying areas that are suitable to for boreholes on 

the same piece of land to avoid groundwater pollution. The ministry of water 

and Nasarawa state Urban development board should considered provision of 

piped water and sewerage services to Karu in order to protect the community 

against waterborne diseases.  

 

Keywords:  Analysis, Soakaway, water, Quality, Contamination. 

 

Introduction  

Water is one of the earth’s most important, renewable and widely distributed 

resources of which about 97.2% constitutes ground water (Rajesh et al., 2012). 

Groundwater is generally considered to be least polluted compared to other 

inland water resources. Due to rapid growth of population, industrialization, and 

urbanization, there have been intense human activities and interference into 

nature leading to an over-exploitation and severe pollution stress on natural 

water bodies. 

According to Gideon et al. (2004), on-site wastewater (water collected from 

indoor flush toilets, bathrooms, laundries and kitchen etc. via septic 

tanks/soakaway) treatment systems are point sources of pollution; therefore, 

they are expected to exert greatest impact on groundwater sources in their 

vicinity. According to WHO (2003) recommended standard, the effective 

distance between septic tank and any drinking water source is estimated to be a 

minimum of 30m and above. The scope of this research work is limited to the 

use of simple multiple regression model analysis to show the effect of the 

distance of sitting soakaway pits from borehole on the water quality. 

Water is vital to the existence of all living organisms, but this valued resource 

is increasingly being threatened as human populations grow and demand for 

more water of high quality for drinking purposes and economic activities 

increases. The Greek philosopher Pindar described water as the “best of all 

things”. Indeed, nothing could be further from this view is not surprising since 
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the need for water, throughout human history, has always been appreciated. 

Water is present everywhere without which life will simply cease to exist. It is 

constantly in motion, passing from one state to another and from one location 

to another. Irrespective of its movement as rivers or streams or stationery as it 

is in lakes, it invariably contains extraneous materials, due to natural causes and 

human activities (Biswas, 2008). Almost all of the planet’s water (97%) occurs 

as salt water in the oceans (Bouwer, 1978). Of the remaining 3%, two-thirds 

occur as snow and ice in polar and mountainous regions, and only about 1% of 

the global water as freshwater (Bouwer, 2000). 

Generally, water is obtained from two principal natural sources; Surface water 

such as fresh water lakes, rivers, streams, and Ground water such as borehole 

water and well water (McMurry & Fay, 2004; Mendie, 2005). It is a chemical 

substance with the chemical formula H2O. Its molecule contains one oxygen 

and two hydrogen atoms connected by covalent bonds. Water is a liquid at 

ambient conditions, but it often co-exists on Earth with its solid, ice, and 

gaseous state. Groundwater is subsurface water that fills voids and permeable 

geological formations. It accounts for about 97% (excluding permanently 

frozen water) of the Earth's useable freshwater resource (Canter and Knox, 

1987). 

Groundwater does not exist in isolation, but is an integral component of the 

hydrological cycle: the endless circulation of water between oceans, atmosphere 

and land. Groundwater aquifers are periodically replenished by precipitation 

and by surface water percolating down through the soils. Water stored in 

aquifers is usually in motion, flowing slowly under the influence of gravity, 

until it discharges into a spring, stream, lake, wetland or the ocean or is taken 

up by plants or is extracted by wells. Hydrologic studies on the water mass 

balance are usually conducted within a watershed, since the earth’s water cycle 

is too large to be studied easily. The physical hydrologic processes of 

precipitation, infiltration, surface runoff, subsurface flow and stream flow play 

an important role in the propagations of contaminants generated by human 

activities in a particular watershed. However, depending on the particular 

climatic, geologic, topographic and vegetative characteristics of the watershed 

in question, some of these processes might be negligible (Sergio, 1997). 
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In many developing countries over the years, ground water remains one of the 

dependable sources of usable water in fast growing towns and villages where 

the supply of potable water is not consistent.  

Water abstraction for drinking use agricultural production, mining, industrial 

introduction power generation, and forestry practices can lead to deterioration 

in water quality and quantity that impact not only the aquatic ecosystem, but 

also the availability of safe water for human consumption.  

Due to vast anthropogenic activities, water quality is being lost causing 

extremely bad health problems to consumers of it as well as deteriorating the 

quality of soil, plants and other living organism that depends on water (WHO, 

2002). This study examined the effects of distance of soakaway on borehole 

groundwater quality to determine the suitability of the water for domestic use.  

 

Materials and Methods  

Data Analysis  

The data was analysed using GENSTAT and Excel. Data was analysed using 

completely randomized design. The mean content of the different 

bacteriological and physicochemical parameters in each source of water was 

computed with corresponding ANOVA and least significant differences (LSD) 

value at 5% degree of confidence using GENSTAT. Results were mainly 

presented in cross – tabulations. 

To establish whether the mean content of a parameter was the same or not in all 

the sources of water, the corresponding value of For in the ANOVA table was 

compared with an α = 0.05 (the probability of saying the mean content of a 

parameter was the same in all the source of water when in actual fact it was not). 

Also, to be able to establish which sources of water had their mean 

bacteriological and physicochemical components being significantly different 

from one another, pair wise mean differences were compared with the 

corresponding LSD value. Conclusion was drawn after on the following basis: 

When Fpr< 0.05, it was concluded that the mean content of a bacteriological or 

physicochemical component was not the same in all the different sources of 

water. 

When the absolute difference of two means was greater than the corresponding 

LSD value, it was concluded that the mean content of the bacteriological or 
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physicochemical parameter in the corresponding two sources of water was 

significantly different from each other. 

 

Results and Discussion  

Bacteriological Quality of the Ground Water Sample of Boreholes in the 

Study Area 

Table 3.1: Concentration of Escherichia coli, Total coliform, Total 

Heterotrophic Bacteria of Ground Water in the study Area 

Location Bacteriological parameters 

Escherichiacoli 

(cfu/100ml) 

Total Coliform 

(cfu/100ml) 

Total Heterotrophic 

Bacteria (cfu/ml) 

One-man 

village  

4 409 1879 

Wuke  138 1060 2881 

New Karu  17 837 768 

Ado  274 934 2003 

Masaka  806 1767 4800 

Mararaba  0 0 491 

WHO 

Standards 

0 0 500 

LSD 321.6 894.4 2929.4 

Source: Lamb work, 2021. 

 

Escherichia coli (E. coli) 

Result from Table 4.1, shows that only Mararaba recorded zero level of E. coli 

in conformity with the WHO guideline. This was followed by One-man village 

with 4cfu/100ml. The highest was however recorded at Masaka with 806 

cfu/100ml. 

 

Total coliform (T.C) 

The data presented in Table 4.1 show no coliform in Masaka. However, 

different level is of concentrated were recorded for the other areas covered by 

the study. The highest (1767cfu/100ml) occurred at Masaka and was followed 

by Wuke with 1060cfu/100ml for total heterotrophic bacteria. 



 

SSAAR (JECM); Journal of                     December, 2021 

Environmental Design and Construction Management  

 

132 | P a g e  

 

Editions 

Total Heterotrophic Bacteria (THB) 

The THB concentrations obtained for the six sampling points is represented by 

Table 4.1. With the exception of the Mararaba, all THB concentrations were 

above the WHO guideline value of 500cfu/ml. Mararaba showed the least THB 

concentration of 491 cfu/ml whiles Masaka stream (4800 cfu/ml) showed the 

highest concentration. 

 

Physico-chemical Quality of Ground Water from Boreholes in the Study 

Area 

3.2.2.1 Chloride, Total Iron, Sodium and Sulphate Ions Concentrations  

Table 3.2: Mineral contents of borehole water  

Location Mineral (ionic) content of various water sources 

CI- (mg/l) Fe2+&Fe3+(mg/l) Na+(mg/l) SO4
2- (mg/l) 

One-man village  40 1.1 29.7 15 

Wuke  90.6 1.2 36.3 30.4 

New Karu  187.3 0.2 224.7 150.3 

Ado  10.2 2.9 26.8 34.1 

Masaka  1.7 11.9 14.5 23.3 

Mararaba  94.3 0.24 73.1 49.9 

WHO Standards 250 0.3 200 250 

LSD 15.44 8.96 13.02 15.63 

Source: Lab work, 2021. 

 

Chloride Ions, CI- 

Result in Table 4.2 show that, the CI- concentration in all the six locations tested 

were within the WHO guideline acceptable value of 250mg/l. The CI- 

concentration for all the six-locationvaried between 1.7 and 187.3mg/l. The 

lowest concentration was recorded in Masaka (1.7mg/l) followed by Ado 

(10.2mg/l), One-man village (40mg/l), Wuke (90.6mg/l), Mararaba (94.3mg/l) 

and the highest chloride ion level was found in New Karu (187.3mg/l). 

 

Total Iron Ions 

The level of total iron concentration in the six sampling points ranged from 0.2 

to 11.9mg/l (Table 4.2). The lowest concentration level was obtained in New 

Karu, followed by Mararaba (0.24mg/l), One-man village (1.1mg/l), Wuke 

(1.2mg/l), Ado (2.9mg/l) and the highest being Masaka (11.9mg/l). It was only 



 

SSAAR (JECM); Journal of                     December, 2021 

Environmental Design and Construction Management  

 

133 | P a g e  

 

Editions 

New Karu and Mararaba whose concentration level were within the WHO 

guideline level of 0.3mg/l. 

 

Sodium Ion, Na+ 

Table 4.2, shows that all the six locations except New Karu had levels of sodium 

ion which were within the acceptable WHO guideline value of 200mg/l. Masaka 

had the least level of sodium ion content of 14.5mg/l, followed by Masaka 

(26.8mg/l) which wasnot significantly different from that of Masaka (LSD = 

13.02). The highest level of Na+ content was found in New Karu (224.7mg/l). 

The second highest level was found in Mararaba (73.1mg/l). 

 

Sulphate ion (SO4
2-) 

SO4
2- content value recorded range between 15 to 150.3mg/l. All the six 

locations in Karu had acceptable levels of SO4
2- as prescribed by the WHO 

guideline (value of 250 mg/l). The lowest level was found in One-man village 

with a concentration of 15 mg/l followed by Masaka (23.3 mg/l), Wuke (30.4 

mg/l), Ado (34.1 mg/l), Mararaba (49.9mg/l). The highest level was found in 

New Karu (150.3 mg/l). 

 

Bicarbonate, Total Alkalinity, Calcium and Magnesium Hardness Content  

Total Alkalinity 

Table 4.3,shows that the lowest value for total alkalinity was found in One-man 

village (10.7 mg/l), followed by Wuke (18.7 mg/l), Wuke (52 mg/l), Ado (72 

mg/l) and the Mararaba (310mg/l). The highest level was found in New Karu 

(325.3). Total Alkalinity, however, ranged from 10.7 to 325.3mg/l. 

 

Table 3.3: Physico-chemical quality of the indicated parameters 

Location  chemical parameters 

Bicarbonate  

(mg/l) 

Calcium  (mg/l) Total Alkalinity (mg/l) Magnesium  (mg/l) 

One-man village  22 10.7 10.7 11.3 

Wuke  23 64.8 18.7 45.9 

New Karu  263 138 325.3 152.7 

Ado  88 32.1 72 19.3 



 

SSAAR (JECM); Journal of                     December, 2021 

Environmental Design and Construction Management  

 

134 | P a g e  

 

Editions 

Masaka  58 33.4 52 27.3 

Mararaba  378 241 310 112 

WHO Standards 141.1 17.17 33.31 25.23 

LSD 263 138 325.3 152.7 

Source: Lab work, 2021. 

 

Total Hardness and Total Dissolved Solids, Conductivity and pH 

Total Hardness 

All the sources of water had levels of Total Hardness within the WHO 

acceptable limit of 500mg/l (Table 4.4). The least level was found in One-man 

village (22 mg/l), followed by Ado (51.4 mg/l),Masaka (62 mg/l), Wuke 

(110.7mg/l) and New Karu (290.7mg/l). The highest level was found in the 

Mararaba (352 mg/l). 

 

Total Dissolved Solids, TDS. 

From Table 4.4, borehole water from all the six location had levels of TDS 

content which met the WHO guideline standard value of 1000 mg/l. The mean 

TDS content values ranged from 89.3 to 968.7 mg/l. Masaka had the lowest 

TDS value of 89.3 mg/l; followed by Ado (95.3 mg/l), One-man village (111.3 

mg/l), Wuke (290 mg/l) and the Mararaba (652.7 mg/l). The highest level was 

observed in New Karu (968.7 mg/l). 

 

The pH 

Result in Table 4.4 shows that the pH of borehole water obtained varied from 

pH 5.75 to 7.53. One-man village had the lowest pH value, followed by Wuke 

(pH 5.96), Masaka, (pH 6.36), Mararaba (pH 7.38), Mararaba (pH 7.5) and 

Mararaba (pH 7.53) being the highest. 

 

Table 3.4: Total Hardness, Total Dissolved Solids, Conductivity and pH 

Location Physio-chemical parameters 

TDS  

(mg/l) 

Total Hardness  

(mg/l) 

Conductivity 

(µS/Cm) 

pH 

One-man village  111.3 22 202.3 5.75 

Wuke  290 110.7 527.7 5.96 

New Karu  968.7 290.7 1761 7.38 
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Ado  95.3 51.4 173.3 7.53 

Masaka  89.3 62 162.7 6.36 

Mararaba  652.7 352 1179 7.5 

WHO Standards 1000 500 1000 6.5-8.5 

LSD 36.87 18.73 73.69 1.027 

Source: Lamb work, 2021. 

 

Conductivity 

The conductivity of water samples from the various location ranged from 162.7 

to 1761µs/cm (Table 4.4). The least level of conductivity was observed in 

Masaka (162.7), followed by Ado (173.3 µs/cm), One-man village (202.3 

µs/cm), Wuke (527.7 µs/cm), and Mararaba (1179 µs/cm). New Karu had the 

highest conductivity of 1761µs/cm. 

 

The Turbidity, Colour and Total Suspended Solids  

Turbidity 

From Table 3.5, only two out of the six locations, namely One-man village (40 

NTU) and Mararaba (2NTU) had their levels of turbidity within the limit of 

acceptable standard of drinking water of 5NTU according to WHO (2004). The 

level ranged from 2 to 129NTU. The highest level was obtained in Masaka. 

 

Table 3.5: Turbidity, Total Suspended Solids (TSS) and Colour 

Sources Physio-chemical parameters 

Turbidity (NTU) Colour (Hz) TSS (mg/l) 

One-man village  40 54.17 13.3 

Wuke  34 62 12.7 

New Karu  4 7 1 

Ado  54 200 11.7 

Masaka  129 175 37.3 

Mararaba  2 5 1 

WHO Standards 5 15 - 

LSD 88.5 109.0 19.84 

Source: Lamb work, 2021. 
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Total Suspended Solids (TSS) 

TSS content levels ranged from 1 to 37.3mg/l. The least level was recorded in 

New Karu and Mararaba (1mg/l), while the highest level was obtained in 

Masaka (37.3mg/l) (Table 4.5). 

 

Apparent Colour (Hz) 

Only the colour levels of water samples from Mararaba (5Hz) and New Karu 

(7Hz) were within WHO guideline value of 15Hz (Table 3.5). The rest were 

One-man village (54.17), Wuke (62Hz), Masaka (175Hz) and the highest colour 

level was observed in Ado (200Hz). 

 

Magnesium, Potassium, Calcium and Manganese Ions 

Magnessium ion, Mg2+ 

Magnesium ion concentration of all the sources of water were within the WHO 

acceptable guideline value of 150mg/l (Table 4.6). The concentration ranged 

from 2.73 to 37.03mg/l. The least concentration was observed in One-man 

village (2.73mg/l), followed by Ado (4.7mg/l), Masaka (6.63mg/l), Wuke 

(11.17mg/l) and Mararaba (27.1mg/l). The highest level was observed in New 

Karu (37.03mg/l). 

 

Table 3.6: Mineral ion in the composition 

Sources Physio-chemical parameters 

Magnesium  

(mg/l) 

Potassium 

(mg/l) 

Calcium  

(mg/l) 

Mn2+ 

(mg/l) 

One-man village  2.73 1.9 4.27 0.26 

Wuke  11.17 5.1 25.9 0.3 

New Karu  37.03 32 55.3 0.17 

Ado  4.7 3.5 12.8 0.42 

Masaka  6.63 2.4 13.33 1.38 

Mararaba  27.1 5.5 96.2 0.28 

WHO Standards 150 30 200 0.4 

LSD 5.576 25.31 6.256 1.353 

Source: Lamb work, 2021. 
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Potassium ion, K+ 

All the six sources had their K+ concentration level meeting the WHO 

acceptable guideline level of 30mg/l. The level ranged from 1.9 to 32 mg/l. The 

least level was found in One-man village (1.9mg/l), followed by Masaka 

(2.4mg/l), Ado (3.5mg/l), Mararaba (5.5mg/l), the highest level being observed 

in New Karu (32mg/l) (Table 3.6). 

 

Calcium Ion, Ca2+ 

The Ca2+ levels of the various sampling points ranged from 4.27 to 94.3mg/l. 

They were all within the WHO acceptable standard (200mg/l). The least level 

was found in One-man village (4.27 mg/l) followed by Ado (12.8mg/l), Masaka 

(13.33mg/l),Wuke (25.9mg/l) and New Karu (55.3mg/l). The highest level was 

found in Mararaba (94.3 mg/l). 

Manganese ion, Mn2+ 

As indicated in Table 4.6, the level of Mn2+ ranged from 0.17 to 1.38 mg/l, with 

the exception of Masaka (1.38mg/l), all other sources had their levels within the 

WHO acceptable guideline value of 0.4 mg/l. The least level was observed in 

New Karu (0.17mg/l), followed by One-man village (0.26mg/l),Wuke (0.3), 

Mararaba e (0.28mg/l) and Ado (0.42mg/l). 

 

Nitrate, Nitrite, Ammonium, Phosphate and Fluoride Ions Concentrations  

Table 3.7: Nitrate, Nitrite, Ammonium, Phosphate and Fluoride ions 

concentrations  

Sources Physio-chemical parameters 

Nitrate 

(mg/l) 

NO2
- 

(mg/l) 

NH4
+ 

(mg/l) 

Phosphate 

(mg/l) 

F- 

(mg/l) 

One-man village  0.992 0.158 0.001 0.173 0.05 

Wuke  0.283 0.212 0.001 0.2 0.142 

New Karu  0.693 0.305 0.001 0.189 0.137 

Ado  0.214 0.485 0.001 0.203 0.03 

Masaka  0.009 0.209 0.001 0.347 0.005 

Mararaba  0.6 0.018 0.001 0.09 0.005 

WHO Standards 10 1 0.75 0.3 1.5 

LSD 0.4067 0.3789 0.4964 0.2780 0.1896 

Source: Lamb work, 2021. 
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Nitrate ion, NO3
- 

The NO3
- concentration in all the six sampling points were within the acceptable 

WHO guideline value of 10mg/l (Table 3.7). The level ranged from 0.009 to 

0.992mg/l. The lowest level was observed in Masaka, followed by Ado 

(0.214mg/l), Wuke (0.283mg/l), Mararaba (0.6mg/l) and New Karu 

(0.693mg/l). The highest level was found in One-man village (0.992mg/l). 

 

Nitrite ion, NO2
- 

The level of NO2
- concentration ranged from 0.018 to 0.485mg/l (Table 4.7). 

All the six locations had their NO2
- level within WHO acceptable standard of 

1mg/l. The least was observed in the Mararaba (0.018mg/l), followed by One-

man village (0.158mg/l), Masaka (0.209mg/l), Wuke (0.212mg/l) and New 

Karu (0.305mg/l). the highest level was found in Ado (0.485mg/l). 

 

Ammonium ion, NH4
+ 

From Table 4.7, the NH4
+ concentration level of all the six sampling points was 

below detection limits of <0.001 mg/l. 

 

Phosphate 

The concentration of phosphate in the water sampled from the sampling points 

ranged from 0.09 to 0.347mg/l (Table 4.7). The higher levels were observed 

inMasaka (0.347mg/l) and Ado (0.203mg/l). The least level was observed in 

Mararaba. 

 

Fluoride ion, F- 

The level of concentration of F- of the six sampling points ranged from 0.005 to 

0.142 mg/l (Table 3.7). They were all within the acceptable WHO guideline 

value of 1.5mmg/l. The least concentration level was observed in Mararaba. 

The highest concentration level was observed in Wuke (0.142mg/l). 

 

Conclusion 

 This study, distance from borehole to soakaway and location of boreholes in 

relation to direction of groundwater flow with respect to soakaways were the 

main factors under investigation. Direction of groundwater flow had an 

association with groundwater quality (faecal coliform and total coliform with 
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p-values equal to 0.001 and less than 0.001 respectively) at 5% significance 

level. This study also revealed that there was no relationship between distance 

from borehole to soakaway and the quality of groundwater in St. Bonaventure. 

This could be attributed to other factors that might have influenced groundwater 

quality such as geological formation (Fissures and rocks) that may need further 

investigation. It could, therefore, be concluded that siting boreholes and septic 

tank systems in the same area. This was because safety of groundwater could 

not be guaranteed even when technical and public health requirements were 

followed during sitingof water sources and septic tank systems in some cases 

especially in terms of distance from water source to soakaway. 
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