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Abstract:  
This research aimed at assessing the quality of groundwater for safe drinking in the western part of BUK’s new campus and its 

environs, Kano state. In achieving the aim, a total of ten (10); five (5) boreholes and five (5) hand-dugged wells were selected at random 

across the area, taking into consideration the fact that thousands of staff and students depend on these sources. Water from each of the 

selected wells was sampled in a sterilized 500 mL plastic container and taken to the laboratory for analysis. Fourteen relevant 

parameters on the test of water quality were taken into consideration. Analysis of physical parameters was made in-situ using a PC400 

portable pH/COND/EC/Temp meter. The result reveals that electrical conductivity is the only parameter with a mean concentration of 

437.9 mg/L higher than the maximum permissible limit of 400 mg/L sets by the World Health Organization, 2011. The mean values of 

other physical parameters are within the standards. Chemical parameters analysis reveals that chloride (335.5 mg/L), calcium (781.3 

mg/L), sodium (62.5 mg/L) and magnesium (115.9 mg/L) are the parameters with concentrations higher than the maximum 

permissible levels of 250 mg/L, 100 mg/l, 50 mg/L and 50mg/L respectively, all in Tudun Malumai area. Therefore, with the exception 

of this area, all other sources investigated are safe for drinking by meeting the standard requirements. The high concentration of 

chloride in the Tudun Malumai area is attributed to the use of inorganic fertilizers and animal feeding. Distillation, one of the oldest, 

and yet still very effective method of purifying water sources is highly recommended. 
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1. INTRODUCTION 

roundwater is the most preferred and effective source of 

water for agricultural and domestic uses. Groundwater 

supply has increased significantly in recent times and becomes 

the main water source for all purposes in rural and urban areas 

of West Africa, especially in the dry season [1]. The surface 

water resources in this region, influenced by seasonal rainfall 

include rivers, lakes, and dams [1]. Groundwater occurs 

everywhere but sometimes its availability in economic 

quantity depends solely on the distribution of the subsurface 

geologic units that are referred to as the aquifers. This implies 

that where groundwater is not potentially endowed enough, 

there may be either complete lack or inadequacy due to 

increasing industrial and domestic needs [2]. 

Water is an indispensable material for a multitude of 

domestic and industrial purposes and naturally exists in three 

main sources, rainwater, ground/water and surface water [3]. 

As it percolates into the earth it is subjected to some 

purification actions by the numerous chains of pervious and 

impervious strata or layers. Some level of purity is achieved in 

turbidity, colourr, odour and taste when it reaches the surface 

through wells, shafts, springs and boreholes [4]. Clean and 

fresh drinking water is essential for humans and other life 

forms and access to it is important to every community [5]. 

According to the World Health Organisation [6], about 1.1 

billion people lack access to the drinking water supply. In 

most cities, town and villages in Nigeria, valuable manpower 

are spent on seeking and fetching water which lacks regular 

quality assessment [7]. Groundwater serves as a cheaper 

source of domestic water supply that includes natural springs, 

wells and boreholes. Borehole water is groundwater available 

in an aquifer obtained by installing pumps to draw the water to 

the consumers. The major problems of boreholes are the 

chemical content of the ground water, which must be analyzed 

to ascertain if these dissolved products are within the 

permissible limits for consumption. Adeyemi [5] reports high 

level of ions in ground water from developing countries 

including Nigeria. 

Hand-dug wells provide a cheap and low-tech solution and 

are excavation of the ground dugged to reach the water table. 

Since shallow aquifers are exploited, Mustapha and Nabegu 

[8] revealed that the well may be susceptible to possible 

contamination from surface water including sewage and 

leachate. Kushreshtha [3] stressed that the quality of ground 

water resources depend on the management of human waste, 

as well as the natural physico-chemical characteristics of the 

catchment areas.  Colour, odour, taste, pH, total hardness, total 

coliforms and other dissolved ions have been reported as 

indices of water contamination [4]. The significance of 

maintaining proper water quality to human health has been 

reported by [7], contamination was considerably for both open 

and rope-pump shallow wells. 

Hence this study investigates the quality of groundwater 

from both boreholes and hand-dug wells for safe drinking, by 

testing parameters like pH, Temperature, Electrical 

conductivity (EC), Total Hardness, the Ionic concentration of 
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Calcium (Ca), Magnesium (Mg), Iron (Fe), Chlorine (Cl), 

Nitrate (NO3), Sulphate(II)oxide(SO4
2-), Bicarbonate (NHO3

-), 

Sodium (Na2+), Lead (Pb2+) and Total Dissolved Solids (TDS) 

in the Western Part of Bayero University New Campus and its 

Environs, Kano State, Northwestern Nigeria, taking into 

consideration the fact that thousands of staffs and students 

living in the campus depend on this source, thus understanding 

the level of groundwater quality and its portability rate is of 

paramount importance, especially in a community setting like 

the university and its environs. 

2. STUDY AREA 

The study area covers the western part of BUK’s new 

campus in Ungogo LGA; Langel, Janguza and Tudun 

Malumai wards in Tofa LGA located in the western part of 

Kano State, Northwestern Nigeria. It has an estimated land 

area of about 20 km2 with an estimated population of about 

100,000 (NPC, 2006). It lies between Latitude 11°57'26"N to 

11°59'12"N and Longitude 8°23'26" E to 8°25'52"E. 

The area lies within the tropical savannah zone of Nigeria. 

Temperatures are high throughout the year, the mean 

maximum temperature is 31oC and the mean minimum 

temperature is 18oC. The annual rainfall varies from 1200 mm 

in the south to 650 mm in the north. Indeed, there are two 

main seasons – the rainy season starts in May or June and ends 

in October or November while the dry season is from 

November to April [9, 10]. 

2.1 Geology of the Study Area 

Underlying the study area are rocks of the Nigerian 

Basement Complex which are products of a series of Orogenic 

events. The rocks mapped are predominantly granites with 

minor xenolith. Age determination from different parts of the 

Basement Complex shows that it has witnessed at least three 

Orogenic events from Achaean to Pan African. Hence, it’s 

polycyclic in nature [11]. The Pan African Orogeny resulted in 

the emplacement of the granites in the Basement Complex. 

This, therefore, indicates that the material for the formation of 

the granitoids in this study might have been sourced from the 

partial melting of crustal rocks. The granites of the study area 

vary in texture and composition and comprise of three textural 

variants, name fine-grained, medium-grained and coarse-

grained granites (Fig. 1). 

Fig. 1: Simplified geological map of the study area showing 

the type of rock unit in the study area. 

2.2 Hydrogeology of the study area 

The study area falls within the crystalline Basement of 

Nigeria. The fractures in the rocks determine their 

hydrogeological properties and this depends on texture and 

mineralogy. The type of aquifer in the study area is fractured 

basement. The decomposed materials overlie crystalline rocks 

and are largely covered by a thin layer of superficial material 

consisting mainly of gravels and silty materials. The fracturing 

in the study area is mainly due to jointing and shearing 

probably associated with the Pan African orogeny. The 

granitic basement aquifer with deeply weathered rocks 

beneath and fractured rocks with hydraulic conductivity 

yielded appreciable amount of water in the study area. The 

depth to water table of hand-dugged wells in the study area 

ranges from 4.1m to 7.2m with an average of 5.1m, while the 

average depth of the wells is 8.8m. The depth to water table of 

boreholes ranges from 25.1m to 28.2m with an average of 

27.0m, while the average depth of the boreholes is 30.8m. 

Groundwater in the study area flow perpendicular to the 

water level contours (Fig. 2) and from higher topography to 

the low laying areas. This corresponds to the western and 

other parts (recharge areas) towards the south western part 

(discharge area). At the recharge areas, the static water levels 

are deeper from the ground surface compared to the static 

water levels at the discharge area. 

Fig. 2: Groundwater configuration map of the study area showing the 

flow direction of groundwater in the study area. 

3. METHODOLOGY 

Samples of water were collected from boreholes and hand-

dug wells drilled into the various Basement Complex rocks 

within the area. In all, ten samples were randomly collected – 

five from each of boreholes and hand-dug wells. The samples 

were collected in early June (rainy season).  Total of fourteen 

parameters were chosen base on those found to be relevant to 

the study area and taking into consideration World Health 

Organisation Geneva reviewed chemical parameters in 

drinking water standards for developing countries [12], hence, 

justifying the reason for the choice.  

The PH value, Temperature, Electrical Conductivity and 

Total Dissolved Solids of all the samples were measured 

shortly after collection, using Apera PC400 Portable 

pH/COND/EC/Temp Meter.  

The Calcium (Ca2+), Sodium (Na2+), Iron (Fe2+), Magnesium 

(Mg2+) and Lead (Pb2+) concentrations were determined using 

the atomic absorption spectrophotometer. The total iron 

concentration was determined by a colourimetric method 
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using thioglycolic acid which reduces iron (III) to iron (II) and 

forms a reddish-purple. In the case of chloride concentration, 

it was determined by titration with a standard solution of silver 

nitrate using an indicator of 8% potassium chromate solution, 

appearances of red precipitate signify the titration endpoint 

and the corresponding concentration read off in mg/1.  

Sulphate (SO4
2-) concentration was determined using the 

turbinate method while the nitrate-nitrogen (NO3
-) was 

determined by the colourimetric method respectively.  

Finally, the total hardness was determined by titration with 

sodium dihydrogen ethylenediamine tetraacetate dehydrate – 

(E.D.T.A. – Salt, Na2 H2 C10 H12 O8 H2 2HO2) using 

Eriochrome Black T as an indicator. The samples were 

analysed at the Soil and Water Laboratory, Geography 

Department, BUK and Central Laboratory Complex, BUK. 

Hydrogeochemical facies were worked out by developing 

Piper and Durov diagrams with the aid of “Geochemist’s 

Workbench” computer software. 

 
TABLE I 

SAMPLING LOCATION AND WELLS CODE 

Location Code Latitude Longitude Well Type 

Orchad BUK A1 11o 58’ 47“ 8o 21’ 11“ Borehole 

CDA BUK A2 11o 58’ 46“ 8o 21’ 31“ Borehole 

Qur’anic Center BUK A3 11o 58’ 36“ 8o 25’ 34“ Borehole 

Fac. of Comm. BUK A4 11o 57’ 58“ 8o 25’ 36“ Borehole 
Watari River A5 11o 58’ 15“ 8o 24’ 43“ Open Well 

Tudun Malumai 1 A6 11o 57’ 50“ 8o 24’ 07“ Borehole 

Tudun Malumai 2 A7 11o 57’ 46“ 8o 24’ 03“ Open Well 
Gadar Watari A8 11o 57’ 44“ 8o 24’ 15“ Open Well 

Kwanar Langel A9 11o 58’ 12“ 8o 24’ 24“ Open Well 

Rugar Fulani A10 11o 58’ 5“ 8o 24’ 19“ Open Well 

 

4. RESULT AND DISCUSSION 

The quality of drinking water is a major determinant of 

health for users. For this reason, periodic quality control 

measures are necessary. However, groundwater sources in 

many communities in Kano State, generally lack regular 

quality control checks. This study was therefore aimed at 

evaluating groundwater quality in the western part of BUK’s 

new campus and its surrounding communities, with a view to 

providing data that might be useful to policymakers and water 

service providers. It was identified through Physico-chemical 

quality analysis that most of the water samples were within the 

acceptable quality parameters recommended by the WHO. 

The physicochemical parameters for all borehole samples 

analysed were within the standards of the WHO, and four out 

of five hand-dugged well samples were also within the 

standards of the WHO. The exception is in Tudun Malamai 

area coded A7, where hardness, chloride, calcium, sodium and 

magnesium ion concentration were found above the 

permissible limit set by WHO. The pH of borehole water 

samples was found within the range of 6.54 – 7.87 with an 

average of 7.24, while that of hand-drugged wells is within 

6.11 – 7.65 with a mean value of 7.06. This indicates that the 

water samples were slightly acidic to neutral. In fact, the 

geology of the sampling site could partly contribute to the 

final pH of the groundwater According to [13], the geology 

around the aquifers of the study area is dominated by 

crystalline silicate rocks and regolith which impart acidity to 

the water. 

The value of electrical conductivity depends on the 

concentration, types of soluble ions as well as the temperature 

of the water [14]. In this study, the conductivity values of 

borehole water samples ranged between 116 and 821 μS/cm 

while between 124 and 1326 μS/cm for hand-drugged wells 

(Tables 2 and 3). The mean conductivity value for borehole 

samples analysed was 356.6 μS/cm compared to 439.2 μS/cm 

for hand-dugged wells. Generally, groundwater in this study 

had low electrical conductivities, implying low mineral 

content. 

Total dissolved solids (TDS) in drinking water has been 

associated with natural source, sewage, industrial wastewater, 

urban run-off and chemicals used in the water treatment 

process. High concentrations of TDS may confer undesirable 

taste, odour and colour on water, posing adverse reactions to 

the consumer [15]. The TDS in this study exhibited a wide 

variation with a minimum value of 118 mg/l in borehole 

samples and a maximum value of 583 mg/l in hand-dugged 

wells, with an average of 170.4 and 239.9 mg/l respectively 

(Table 2 and 3). All the TDS values were below the maximum 

allowable value of 600 mg/l prescribed by the WHO (2011). 

Moreover, these results are similar to those obtained by [13] 

which showed that the average TDS of groundwater in the 

Basement Complex areas of Kano State is 108 mg/l. 

TABLE II 
PHYSICO-CHEMICAL PARAMETERS RESULT OF BOREHOLE 

SAMPLES, MEAN AND WHO STANDARDS (2011) 

Parameter Sample Code Mean WHO 

Standard A1 A2 A3 A4 A6 

pH 6.54 7.01 7.51 7.87 7.25 7.24 8.5 

Temperature (oC) 30 31.8 32.8 33.6 30.6 31.76 25 

Conductivity (цS/cm) 190 116 405 251 821 356.60 1400 

TDS (mg/l) 135 118 297 179 123 170.40 600 

Hardness (mgCaCO3/l) 99.45 128.7 249.6 93.6 136.5 141.57 500 

Chloride, Cl- (mg/l) 37.28 44.38 56.8 44.38 152.6 67.09 250 

Sulphate, SO4 (mg/l) 0.18 0.16 0.24 0.28 0.22 0.22 250 

Nitrate, NO3
- (mg/l) 2.8 4.2 5.6 5.6 5.6 4.76 10 

HCO3
-, (mg/l) 50.2 95.16 56.12 71.98 98.82 74.46 150 

Iron, Fe+ (mg/l) 0.962 0.341 1.075 0.573 1.210 0.83 2 

Calcium, Ca+ (mg/l) 39.96 10.50 84.98 44.73 100.4 56.11 100 

Magnesium, Mg+ 

(mg/l) 

6.181 5.077 29.00 9.031 19.31 13.72 50 

Sodium, Na+ (mg/l) 21.25 15 17.50 20 45 23.75 50 

Lead, Pb+ (mg/l) 0.00 0.01 0.01 0.01 0.01 0.01 0.01 

TABLE III 
PHYSICO-CHEMICAL PARAMETERS RESULT OF HAND-DUGGED 

WELL SAMPLES, MEAN AND WHO STANDARDS (2011) 

Parameter Sample Code Mean WHO 

Standard A5 A7 A8 A9 A10 

pH 7.65 7.20 6.11 7.17 7.19 7.06 8.5 

Temperature (oC) 38.5 31.2 30.9 30.5 29.5 32.12 25 

Conductivity (цS/cm) 202 1326 124 257 287 439.20 1400 

TDS (mg/l) 143 583 87.4 182 204 239.88 600 

Hardness (mgCaCO3/l) 273 721.5 101.5 132.6 197 285.12 500 

Chloride, Cl- (mg/l) 49.93 335.5 51.48 35.5 44.38 103.36 250 

Sulphate, SO4 (mg/l) 0.22 0.73 0.09 0.19 0.21 0.29 250 

Nitrate, NO3
- (mg/l) 4.2 8.4 4.2 4.2 5.6 5.32 10 

HCO3
-, (mg/l) 97.6 109.8 68 85.4 61 84.36 150 

Iron, Fe+ (mg/l) 4.402 0.772 0.326 0.846 0.532 1.38 2 

Calcium, Ca+ (mg/l) 36.90 781.3 3.087 3.404 5.744 166.09 100 

Magnesium, Mg+ (mg/l) 17.58 115.9 2.684 2.285 3.719 28.43 50 

Sodium, Na+ (mg/l) 21.25 62.5 15 28.75 31.25 31.75 50 

Lead, Pb+ (mg/l) 0.00 0.01 0.01 0.00 0.01 0.01 0.01 

 

High potable water temperature may impart undesirable 

taste and odour as well as the corrosive ability of the water 
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[12]. This may also facilitate the growth of microorganisms, 

hence affecting water quality [12]. In this study, sample 

temperatures for both the boreholes and hand-dugged wells 

were between 29.5 and 38.5 °C. These temperatures were all 

above the WHO maximum limit of 25 °C. This could be 

attributed to the environmental temperature as well as the 

climatic conditions prevailing in the study area at the time of 

sampling. Hence, the water temperatures recorded here may 

only highlight environmental characteristics without any 

suggestion for adverse effects on human health. 

Total hardness is chemically expressed as the total 

concentration of Ca2+ and Mg2+ as milligram per liter 

equivalent of CaCO3 [16]. Physically, hardness could be 

referred to as the resistance of water to lather soap [17]. The 

total hardness values recorded for borehole samples ranged 

from 93.6 to 249.6 mg/L (Table 2), while from 101.3 to 721.5 

mg/L for open wells. The total hardness measurements for all 

the borehole samples were below the 500 mg/L recommended 

by the WHO for drinking water (Table 2), suggesting that they 

were all compliant with the WHO guideline and also safe for 

drinking. The high value of hardness (721 mg/L) in A7 open 

well is attributed to the high concentration of calcium and 

magnesium sourced from biotite which make the water very 

hard. 
TABLE IV 

CLASSIFICATION OF WATER HARDNESS 

Soft < 50 

Reasonably soft 50 – 100 

Slightly hard 100 – 150 
Reasonably hard 150 – 250 

Hard 250 – 350 

Very Hard > 350 

Source: Schutte (2006) 

The average calcium ion concentration for the borehole 

water samples was 56.1 mg/l compared to that of hand-dugged 

wells, 166.1mg/l. Calcium ion (Ca2+) can occur naturally in 

groundwater through the dissolution of carbonate minerals and 

the decomposition of sulphate, phosphate and silicate minerals 

[18]. The low concentrations of Ca2+ observed in this study 

could be attributed to the absence of sulphate and phosphate 

containing rocks in the study area rather than pollutants [19]. 

The magnesium ion (Mg2+) concentration in all borehole 

samples was lower than the WHO standard of 50 mg/l for 

potable water (Table 2). The highest concentration of Mg2+ 

above the WHO standard was 115.9 mg/l at A7 hand-dugged 

well. The source of magnesium in the groundwater sampled in 

this area may be attributed to geological sources such as 

biotite abundant in the basement rocks of the sampled area. 

Excess chloride ions in water may not pose any health risk 

to consumers; however, high concentrations of chloride and 

sodium ions in water may interact to form sodium chloride 

which could impart a salty taste to the water [18]. Chloride 

content in borehole samples has a mean of 67.1 mg/L lower 

than the maximum acceptable limit of 250 mg/L 

recommended by the WHO. Thus, the concentration of the 

chloride was considered satisfactory. While for hand-dugged 

wells, the chloride concentration ranges from 35.5mg/L in A9 

to 335.5 mg/L in A7. The high concentration of chloride in 

Tudun Malumai area may be attributed to use of inorganic 

fertilizers and animal feeding as rearing of cattle and farming 

were taken place close to the water source. Because the use 

organic fertilizers produce different chemicals, such chemicals 

may have been mixed with surface water near the well, and 

eventually, the contaminated water percolate downward 

through available cracks and flow to the water table thereby 

altering the groundwater chemistry. 

Fig. 3: Chart showing chloride concentration in all samples 

with highest level in A7 (The black bold line indicates the 

WHO maximum permissible limit (150 mg/l)) 

There are two samples in Tudun Malumai area, a borehole 

(A6) and an open well (A7) but their physiochemical 

properties vary significantly, this can be as a result of 

difference in depth of the two wells, the borehole has depth to 

water table of 25.3 m, hence pollutant from anthropogenic 

sources find it difficult to percolate to the aquifer. While the 

hand-dugged well has 7.2m as depth to water table, thereby 

making it possible for pollutants from anthropogenic sources 

such as farming activities to percolate and alter the water 

chemistry. 

Nitrate and nitrite are the forms of nitrogen most commonly 

associated with groundwater contamination [20]. Although the 

presence of nitrate does not pose any health threat to adults, 

ingestion by infants can cause low oxygen levels in the blood, 

a potentially fatal condition [21]. For this reason, the WHO 

has established a drinking-water maximum allowable 

threshold of 10 mg/l nitrates as nitrogen [12]. All borehole 

samples analysed contained varying concentrations of nitrate 

ranging from 2.8 to 5.6 mg/L with a mean of 4.7 mg/L (Table 

2), while the levels range from 4.2 to 8.4 mg/L in hand-

drugged wells, with an average of 5.3mg/L. The concentration 

of nitrate in the water samples was within the permissible 

range of 0.0 - 10.0 mg/L as recommended by the WHO for 

drinking water. 

A high concentration of iron in groundwater may not pose 

any health hazards but may not be patronised by consumers 

due to the unpleasant odour and taste that is normally 

associated with groundwater with higher iron concentrations 

[22]. The total iron concentration was between 0.3 and 1.2 

mg/L in borehole samples, and 0.3 to 4.4 mg/L in open wells 

(Tables 2 and 3). Thus, the water from all the samples is 

considered satisfactory for human consumption. 
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Bicarbonate was observed in the range of 50.2 to 98.2 mg/L 

in borehole samples, and 61 to 109.8 mg/L in open wells, all 

of the groundwater samples are within the permissible limit 

(150 mg/L) as per the WHO guidelines. Weathering of 

carbonate and/or alumino-silicate minerals with a secondary 

contribution from the dissolution of CO2 gases are the primary 

sources of HCO3 in the groundwater. This CO2 can be 

produced by the oxidation of organic matter and by root 

respiration in the unsaturated zone, followed by the dissolution 

in the recharge water to form bicarbonate [23]. In addition, 

bicarbonate is also produced by the dissolution of carbonate 

and the weathering of silicate minerals. If an aquifer is rich in 

organic material, there is a high possibility of the depletion of 

oxygen due to organic decomposition. 

Na+ is a naturally occurring elements in groundwater. It is 

directly added into groundwater from industrial and domestic 

wastes and contribute salinity of water. Na+ is one of the 

important cations occurring in natural waters and is derived 

from weathering of rocks. Domestic wastes and industrial 

wastes are rich in Na+ and contribute to the salinity of the 

water. At lower concentrations, there are no adverse effects on 

health. The Na+ value of all the samples varies in the range of 

15 to 62.5 mg/L. A high concentration of Na+ ion in drinking 

water may cause heart problems and high Na+ in irrigation 

water may cause salinity problems [24]. So, all of the 

groundwater sampled from the study area falls within the 

permissible limit (200 mg/L) suggested by WHO.  Lead 

concentration ranges from 0.00 to 0.01mg/l, no sample is 

found above the permissible level of 0.01mg/L set by WHO 

(2011). 

4.1 Graphical Presentation of Hydrogeochemical Data 

During the circulation of water in rocks and soils, ions 

leached out and dissolve in groundwater. The geological 

formations, water-rock interaction and relative mobility of 

ions are the prime factors influencing the geochemistry of the 

groundwater [25]. Because of chemical analysis results of 

water in form of tables may be difficult to interpret. The 

graphic representations are used to discuss the water-rock 

interaction in the study area. Hydrogeochemical facies were 

worked out by developing Piper (Fig. 4) and Durov (Fig. 5) 

diagrams for the study area. 

 
Fig. 4(a): Graph of chemical classification of water from boreholes of 

the study area (Modified after Piper, [28])  

Fig. 4(b): Graph of chemical classification of water from open wells 

of the study area (Modified after Piper, [28]) 

Based on the Piper plot of the samples (Fig. 12), four water 

types were identified from the study area (NaCl, CaCl, 

MgHCO3 and mixed water types). Samples A8 and A10 

belong to sodium chloride water type (NaCl), samples A3, and 

A6 belong to Calcium Chloride water types (CaCl), Samples 

A5 and A2 belong to MgHCO3 and sample A1, A4, and A9 

belong to mixed water types. 

Durov introduced another diagram which provides more 

information on the hydrochemical facies by helping to identify 

the water types and it can display some possible geochemical 

processes that could help in understanding the quality of 

groundwater and its evaluation. The diagram is a composite 

plot consisting of 2 ternary diagrams where the cations of 

interest are plotted against the anions of interest; the sides 

form a binary plot of total cation vs. total anion 

concentrations; the expanded version includes electrical 

conductivity (µS/cm) and pH data added to the sides of the 

binary plot to allow further comparisons.  

Figure 5(a): Graphical presentation of borehole water samples of the 

study area showing mechanisms controlling the geochemistry of 

water types and TDS level based on the major ions measured (after 

Durov, [27]) 
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Figure 5(b): Graphical presentation of hand-dugged wells of the 

study area showing mechanisms controlling the geochemistry of 

water types and TDS level based on the major ions measured (after 

Durov, [27] 

5. CONCLUSION 

Physicochemical assessment of borehole and well water 

samples from western part of BUK new campus and it’s 

environs was carried out in this research. All borehole water 

sources investigated have parameters within the WHO 

standards. The levels of heavy metals were also found to be 

within the recommended levels set by WHO in the borehole 

water samples. For the five hand-dugged wells, only one 

sample at Tudun Malamai area coded A7 have high levels of 

hardness, chloride, iron, calcium, sodium and magnesium ion 

concentration above the standard set by WHO safe limits, 

there is the tendency of high potential health hazards to the 

inhabitants of the area that uses this water source for drinking 

and other domestic purposes without treatment. The geology 

of Tudun Malamai and the degree of weathering, influence the 

groundwater chemistry, because of different mineralogy and 

degree of weathering. Consequently, different minerals are 

eventually weathered and leached down to the water table 

thereby altering the groundwater chemistry. From the result 

obtained, water quality monitoring is encouraged to be a 

continuous process. Proper sanitation and treatment should be 

strictly observed around the vicinity of the boreholes and the 

well water. 
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