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ABSTRACT: Geo-electrical data were adopted and utilized in determining the hydraulic conductivity and transmissivity of the study area. Hydraulic 
conductivity and transmissivity varied from 3 to 34m/day and 33 to 919m2/day respectively. Correlation coefficient between transmissivity and hydraulic 
conductivity give positive correlation which signifies a perfect correlation. In order to determine the groundwater quality of Biu, groundwater samples 
were collected from fourteen boreholes and ten hand dug well within the study area. The water sample were analyzed for physiochemical and 
bacteriological properties to assess its suitability for drinking, and irrigation purposes. Some areas have elevated concentration of conductivity, TDS, 
manganese, lead, magnesium and microbial which are consider unsafe for drinking based on World Health Organization guidelines concentration for 
drinking water.  Only 29% of borehole and 10% of hand dug well are free from contamination. Sodium adsorption ratio and percentage sodium have 
been studied to evaluate the suitability of the groundwater for irrigation purpose. Groundwater within the study area is safe for irrigation with respect to 
its sodium adsorption ration and Sodium percent. Sample BH6 has high value of sodium adsorption ratio which is unsuitable for irrigation.  
 
Keywords: Biu and Environs, Flow direction, Groundwater quality, Hydraulic conductivity, Irrigation, Transmissivity. 

———————————————————— 

 

1.   INTRODUCTION 

Groundwater is described as that water which is obtained 
from the unconsolidated soil or rock formation [1]. 
Groundwater is explained as that part of precipitation that 
enters the ground and percolates downward through 
unconsolidated materials and openings in bedrock until it 
riches the water table [2]. The quest for good quality water 
suitable for drinking, irrigation, livestock watering and other 
uses have made groundwater inevitable as a source of 
uncontaminated water [3]. [4], found that drinking water 
travels through rocks and soils as part of the hydrological 
cycle and in the process leached elements in solution. [5], 
stated that: One of the greatest environmental challenges 
that confront rural communities in north eastern Nigeria 
especially Borno state is scarcity of water supply. In most 
rural communities in northern Nigeria, hand dug wells are 
the major source of water for both domestic and livestock 
use. However, the qualities of water in these wells are not 
known. Safe water is a basic necessity of life and when it is 
not available and/or contaminated, it could have serious 
public health implications, ranging from diseases to 
outbreak of epidemics. Groundwater is never chemically 
pure; dissolution of substances take place in the course of 
its percolation through the rocks leading to its acquisition of 
some of their chemical constituents. Hence, the chemical 
constituents of groundwater are an important consideration 
if the water is to be used for domestic purposes. The study 
area covers some parts of the Biu Plateau, lying between 
longitude 12 ̊ 07ˈ00''E and 12 ̊ 13ˈ00''E and latitude 10 ̊ 34ˈ 

00''N and 10 ̊ 40ˈ 00''N. it covers an area of about 122km2. 
The towns bordering the area include Damaturu to the 
North, Mubi to the South, Damboa to the East and Gombe 
to the West. The area is fairly accessible and has relatively 
good network of roads and foot paths. The vegetation of the 
study area could be best described as Sudan type. Biu 
Plateau falls within the Guinea Savannah climatic zones of 
Nigeria. The purpose of the study is to assess the 
groundwater quality by determining the aquifer 
characteristic using geoelectrical method. The study will 
acts as a starting point in the development of a data bank 
for assessing groundwater quality and also develop 
strategies to protect the aquifers from contamination. 
 

2. GEOLOGY AND HYDROGEOLOGY OF THE 
STUDY AREA 

The study area is part of the NE basement terrain underlain 
by basement rocks of Precambrian age. They are mainly 
basaltic rock. Biu Plateau is situated on the structural and 
topographic divide between the Benue and Chad 
sedimentary basins. The structural divide is a broad E-W 
ridge or swell of basement, which extends to the western 
edge of the Biu Plateau. They are mostly occurring as 
―flood basalts‖ in a number of flows and in fact cover nearly 
the area with its center around Biu. According to [6], the 
basalt at some places has built up large number of flows.  
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Fig 1: Topographic map of the study area (USA Geological Agency, 2010. Cont inter. 5m) 
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Fig 2: Geologic map of the study area. 
 

The dimension of the flows and the marked absence of 
pyroclastics in and around Biu, Tum, Marama, and Shaffa 
areas, indicate that the eruption of basaltic magma in these 
places was not violent. However, the basaltic sequence in 
the North-western part of Biu is surrounded by several 
youthful scoria, cinder cones, tephra rings etc., the 
pyroclastics are generally restricted to the area west of Biu- 
Damaturu road, suggesting that the eruptions in these 
places are violent in nature. [7], stated that the study area is 
made up of three types of basaltic rocks. Massive basalts, 
slightly vessiculated basalts and vesicular basalts. The age 
variations between this basalt are due to time of their 
eruption, nature of their eruption and also the manner into 
which they solidified. The Biu basalt belongs to the tertiary-
Recent volcanic province of Nigeria and Cameroon which is 
characterized by numerous widely scattered occurrences of 
alkali olivine basalt together with less important trachyte 
and phonolite. It consists of intensive flows of basalts which 
are dense, fine grained and dark in coloured. Some of them 
contain vesicles which are partially or completely filled with 
secondary minerals probably calcite or zeolite. The most 
peculiar thing about the Biu Type of basalt is the degree to 

which the olivine has been altered. Some olivine crystals 
are completely altered while some are partially altered 
along their margins and cracks. The rate of alteration of the 
Biu basalt suggests that they are older than the Miringa 
Type which is Pliocene in age.   The massive basalt are 
dark coloured, fine grained in texture with whitish 
feldsparthic minerals. It also contains phenocrysts of olivine 
and secondary minerals such as calcite and iron oxide. It 
dominated the study area. It occupied the south, 
northeastern and southwestern part of the study area. The 
slightly vesicular basalt has smaller number of vesicles and 
their cavities are smaller in size and scattered. They are 
light to dark gray in colour. It occurs diagonally from 
western to northeastern part of the study area. The 
vesicular basalt has cavities which vary considerably in 
shapes and sizes. They are spherical, ellipsoidal, cylindrical 
and irregular in shape. They are found at the northwestern 
part of the study area. The lateritic soil formed from the 
weathering of the Basalt are brownish to reddish brown in 
colour except in some cases where they are found to occur 
as light gray to dark gray clay. The water resources of the 
study area can be divided into surface and groundwater 
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resources. The surface water of this area occurs in the form 
of streams and lakes. They serve as water supply sources 
for both drinking and domestic uses. Most of the streams 
are seasonal. The streams and lakes are recharged by 
direct precipitation during the rainy season.   
 

3. METHODOLOGY 

Geo-electrical survey data were adopted from [8], the data 
were utilized and used in determining the hydraulic 
conductivity and transmissivity of the study area. To 
establish the quality of the groundwater for domestic and 
irrigation purposes, groundwater samples was obtained 
from ten (10) selected hand dug wells and fourteen (14) 
boreholes within the study areas during dry season 
(January, 2017) as shown in (Figure 1). The water samples 
were collected in 750ml rubber containers, sealed tightly to 
avoid contamination with atmospheric gases. Before the 
collection, the sample containers were rinsed three times in 
the field using the representative groundwater samples 
according. The physical parameters measured were total 
dissolved solids (TDS), electrical conductivity (EC), 
temperature and pH was measured in the field using 
TDS/conductivity meter (Milwaekee meter). The samples 
were analyzed chemically within 48 hours of collection 
using SMART Spectrophotometer (2000-01), and digital 
titration method at National Agency for Food and Drug 
Administration and Control (NAFDAC) Maiduguri area office 
Laboratory. Values obtained were compared with maximum 
permissible limit set by World Health Organization (WHO, 
2011) to evaluate its suitability for drinking and domestic 
purpose (table 2). Sodium adsorption ratio (SAR) and 
percentage sodium (Na%) were used to evaluate the 
suitability of water for irrigation purpose.  
 

4. RESULTS AND DISCUSSION 

Geo-electric section were correlated which revealed that 
there are mostly three and four geologic layers beneath 
each VES point composed of topsoil, partly 
weathered/fractured basement, highly weathered/fractured 
basement and presumably fresh basement (figure 3). The 
first layer is the top soil which is composed of sandy lateritic 
hard pan with resistivity value ranging from 176Ωm to 
672Ωm and thickness varying from 0.40m to 6.12m with 
thinnest at VES 5 and thickness at VES 12. The partly 
weathered/fractured basement have resistivity value of 
502Ωm and 649Ωm, thickness of 2.10m and 1.03m for VES 
1 and VES 5 respectively. The highly weathered/fractured 
basement have resistivity ranging from 31Ωm to 236Ωm 
and thickness of 11.05m to 37.21m with thickness of 
37.21m at VES 2 suggest that this point is good for sitting 
borehole. Other point with probable high water potential 
suitable for sitting boreholes includes VES 1, VES 17, VES 
7, VES 13, and VES 5 with appreciable thickness of 
weathered/fractured rock also known as aquiferous zone. 
The presumably fresh basement whose resistivity range 
from 1171Ωm to 13131Ωm with an infinite depth.  

 

 
Fig 3: Correlation of VES point within the study area 

(Nggada & Nur, 2017). 
 
The aquifer parameters like hydraulic conductivity (K) and 
transmissivity (T) are extremely important for the 
management and development of groundwater resources. 
The values of transmissivity and hydraulic conductivity were 
calculated from geophysical data. Generally the higher the 
transmissivity value of an aquifer, the better its productivity 
prospect. The hydraulic conductivity and transmissivity of 
the aquifer were quantitatively determined. Hydraulic 
conductivity is proportional to permeability. High 
permeability will be observed in aquifer zone with high 
hydraulic conductivity and also contaminants will be easily 
circulated. The hydraulic conductivity estimated from the 
electrical resistivity sounding data for twenty (20) potential 
aquifer resistivity was contoured as shown in (Figure 4).  
Hydraulic conductivity values for the potential aquifers 
determined from geoelectrical technique range between 
2.35 to 33.6m/day with average value of 11.22m/day. Its 
shows low hydraulic conductivity observed at northern parts 
of the study area at Yamarkumi and high values of 
hydraulic conductivity observed in the extreme southwest 
and northwest of the map, it can be inferred that high 
permeability is dominant in the study area and seems to be 
a good aquifer zone. For characterization of rocks as a 
water conducting media, transmissivity is a major property. 
Transmissivity values obtained fron VES method for 
potential aquifers range between 33.19 to 918.54m2/day 
with average of 251.32m2/day. VES 8 has high 
transmissivity value which indicating the large amount of 
groundwater in this zone. Transmissivity value are low in 
northeast and southwest part of the study area which 
suggest that the chance of groundwater is low in this part of 
the study area. (Figure 5). The study area is characterised 
by low, moderate and high groundwater flow potential. 
According to [9], the fractured aquifer in the basement 
complex areas has low to moderate hydraulic conductivity  
and transmissivity values, which give rise to low and 
moderate yields and specific capacities in boreholes 
tapping these aquifer systems. The high groundwater flow 
potential is favourable for sustainable groundwater 
development. Transmissivity values are suitable for 
sustainable groundwater development and zones with high 
yield have been determined for future development and for 
choosing the drilling sites. A good correlation between 
hydraulic conductivity and transmissivity given the 
correlation coefficient of R2 = 0.86. This signifies that 
hydraulic conductivity is directly proportional to 
transmissivity (Figure 6). 
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Fig 4: Hydraulic conductivity contour map (contour interval 
1 m/day). (Nggada & Nur, 2017) 

 

 
 

Fig 5: Aquifer transmissivity contour map (contour interval 
40 m2/day). (Nggada & Nur, 2017). 

 

 
 

Fig 6: Correlation between transmissivity and hydraulic 
conductivity (Nggada & Nur, 2017). 

 

4.1 WATER ANALYSIS 
The chemical composition of groundwater is an important 
factor to be considered since groundwater is not chemically 
and biologically pure; this is to determine its usefulness for 
domestic and agricultural use. A summary of 
physiochemical and bacteriological result of groundwater 
samples collected from fourteen (14) boreholes and ten 
(10) hand dug wells within the study area are presented in 
table 1. The temperature of water samples obtained lie 
between 21.6 – 27.00c with a mean value of 26.61 0c. The 
electrical conductivity range from 241 to 1312 μS/cm and 
mean value of 581 μS/cm. BH8, BH 10, BH 11, BH 13, HW 
2 HW 6, HW 7 HW 9 and HW 10 are below the world health 
organization (WHO) limit of 500 μS/cm. Electrical 
conductivity is a measure of the ability of the water to 
conduct an electric current and is related to the 
concentration of dissolved mineral constituent present in 
the groundwater. A high water conductivity would therefore 
indicate the presence of a high concentration of dissolved 
mineral. Turbidity of the water samples ranges from 0.18 – 
2.40 NTU with a mean value of 0.81 NTU, the turbidity of 
water samples obtained from the study area fall within the 
WHO maximum permissible limit of 5.0 NTU. PH values 
ranges from 7.14 to 8.12 with a mean value of 7.67. 
Indicating that the 24 samples has values within the 
standard of WHO permissible range of 6.50 – 8.50. 
Alkalinity value lie between 109 – 177 mg/l with a mean 
value of 138 mg/l.  Alkalinity is a measure of the buffering 
capacity of water, or the capacity of bases to neutralize 
acids. Measuring alkalinity is important in groundwater’s 
ability to neutralize acidic pollution from rainfall or 
wastewater. Waters with low alkalinity are very susceptible 
to changes in pH, while waters with high alkalinity are less 
susceptible to changes in pH. Total Dissolve Solid (TDS) 
values ranges from 150 to 1120 mg/l with an average of 
339 mg/l. BH 6 (Angwan-sarki) out of the 24 samples 
collected have elevated the WHO (2011) Permissible limit 
of 600 mg/l. Calcium (Ca2+) value range from 22 to 123 
mg\l with an average of 63 mg/l. all sample fall below the 
standard of 200mg/l. Potassium (K+) concentration range 
from 0.1 to 5.7 mg/l with mean of 1.5 mg/l. all samples 
analyzed are within the WHO standard value of 120mg/l. 
Chloride (Cl-) concentration range from 6 to 79 mg/l with an 
average of 30 mg/l. these values are far below the WHO 
(2011) maximum permissible limit of 250.00 mg/l. no health 
based guideline value is proposed for chloride 
concentration in drinking water. Chloride concentration in 
basement complex are generally low. The probable source 
of chloride in the study area could be from the accumulation 
by evapotranspiration contributed into the groundwater 
system by precipitation. Sulphate (So42-) concentration in 
groundwater within the study area ranges from 1.0 to 210 
mg/l with an average of 21 mg/l. All samples analyzed are 
within concentration value of 250 mg/l of WHO maximum 
permissible limit and is consider safe for drinking and 
domestic use. Sulphate in groundwater within the study 
area are from atmospheric precipitation or oxidation of 
sulphate in the igneous rocks. Concentration of nitrate 
(No3-) ranges from 0.21 to 11.2 mg/l with an average value 
of 2.33 mg/l. All values are within the permissible value of 
50 mg/l of WHO. High concentration of nitrate in 
groundwater comes mostly from industrial agricultural 
chemicals and fertilizer application. The most common 
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source of nitrate concentration is attributed to animals and 
human waste disposal practices and use of agricultural 
fertilizer. Concentration of nitrite (No2-) range from 0.04 to 
0.72 mg/l with an average of 0.16 mg/l. All are below the 
WHO maximum permissible limit of 3 mg/l which is consider 
to be safe for drinking especially for infant babies which can 
cause Cyanosis, and asphyxia (blue-baby syndrome) in 
infants under 3 months if it’s above the limit. Concentration 
of manganese (Mn2+) ranges from 0.00 – 1.2 mg/l with an 
average value 0.21 mg/l. Sample HW 7 with value of 
1.2mg/l has elevated concentration above the WHO 
maximum permissible limit of 0.4 mg/l. concentration above 
0.4 mg/l cause undesirable taste in beverages, stains 
sanitary wares and laundry (WHO, 2011) and Neurological 
dis-order (SON, 2007). Manganese present in groundwater 
is usually absorbed from the atmosphere or leached from 
products of rock weathering. Copper concentration range 
from 0.03 to 0.69 mg/l with an average value of 0.32 mg/l. 
All samples analyzed are within the WHO permissible limit 
value of 2.0 mg/l. Lead concentration ranges from 0.0 to 4.5 
mg/l with mean of 1.28 mg/l. 71% have elevated the 
permissible limit of 0.01 mg/l which make the water unsafe 
for drinking. High concentration of such element causes 
cancer, interference with vitamin D metabolism, affect 
mental development nervous systems, kidney damage, 
blood disorders and hypertension, low birth weights. 
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Table 1: Physiochemical and Bacteriological Result of Water Sample Analyzed. 

 

 
Key: BH = Borehole, HW = Hand dug well, TEMP = Temperature, E.C = Electrical conductivity, TUR = Turbidity, ALK = Alkalinity, TDS = Total dissolve solid, WHO = 

World Health Organization, NS = No standard, ND = Not detected. 
 
 
 
 
 
 

    PHYSICAL PARAMETERS CHEMICAL PARAMETERS (mg/l) 
MICROBIOLOGI

CAL 

S/N 
SAMPL

ES 
TEMP. 
(OC) 

E.C 
(µs/c
m) 

TUR 
(NTU) 

PH 
ALK 

(mg/l) 
TDS 
(mg/l) 

Ca
+2 

K+ 
Ca
Co
3 

Cl- 
So
42- 

No3- No2- 
Mn+

2 
Cu+

2 
Pb+

2 
Zn+2 Na+ F- Mg+2 

COLI 
FORM 

E-
COLI 

1 BH 1 26.8 563 0.19 7.6 149 350 ND 0.9 ND 18 1.1 0.35 0.072 0.01 0.3 0.0 0.06 161 0.2 52.3 0 3 

2 BH 2 26.6 642 0.26 7.82 154 400 85 2.8 254 27 7 0.32 0.048 0.01 0.54 2.8 0.05 7.4 0.2 32.1 1 0 

3 BH 3 26.9 642 0.97 7.32 157 330 67 0.8 200 16 3 1.2 0.126 0 0.03 2.1 0.02 74.5 0.4 43.2 4 9 

4 BH 4 26.7 526 2.4 8.02 148 360 59 0.6 176 7 3 1.75 0.159 0.03 0.27 1.5 0.02 20.2 0.2 37.4 2 5 

5 BH 5 26.6 1312 0.18 7.68 145 560 123 1.3 377 18 2 10.9 0.198 0.28 0.44 0.01 0.06 17.9 0.4 46.8 6 4 

6 BH 6 26.7 596 1.11 7.43 144 1120 ND 1.3 ND 24 78 2.89 0.167 0.06 0.08 0.0 0.4 519.8 0.3 23.9 2 4 

7 BH 7 27 946 1.83 7.62 177 460 107 0.1 320 10 8 2.9 0.723 0 0.34 3.7 0.09 0.9 0.2 31.8 0 0 

8 BH 8 26.6 470 0.63 7.61 141 250 55 1.9 164 79 1 1.44 0.11 0.32 0.08 0.1 0.08 9.2 0.2 41.9 3 13 

9 BH 9 26.8 885 0.73 7.73 129 250 49 1.9 149 61 2 2.81 0.136 0.04 0.18 3.9 0.11 29.4 0.4 39.3 7 4 

10 BH 10 26.8 483 1.98 7.84 124 312 54 0.7 186 6 4 1.56 0.112 0.04 0.24 1.2 0.06 18.9 0.3 42.6 1 2 

11 BH 11 26.2 281 0.84 7.14 141 215 51 1.4 162 68 1.1 1.24 0.1 0.23 0.07 0.1 0.07 8.7 0.2 23.7 0 1 

12 BH 12 26.1 621 0.27 8.01 112 314 98 1.3 294 17 3 11.2 0.142 0.24 0.34 0.0 0.04 14.8 0.3 31.4 2 0 

13 BH 13 26 432 1.07 7.24 123 218 59 1.7 159 64 2.1 2.41 0.24 0.06 0.14 2.1 0.12 31.6 0.6 17.9 3 0 

14 BH 14 26.9 518 0.29 7.36 139 259 66 1.4 174 22 79 2.91 0.34 0.01 0.04 0.7 0.31 41.4 0.5 14.3 0 1 

15 HW 1 26.6 700 0.98 7.91 157 390 64 5.7 191 19 9 0.89 0.041 0.6 0.69 0.01 0.19 20.2 0.2 42.2 2 9 

16 HW 2 26.6 245 0.45 7.45 119 150 24 0.3 92 27 9 0.29 0.127 0 0.35 0.6 0.2 20.2 0.2 23.7 2 1 

17 HW 3 26.6 627 0.72 8.1 150 300 66 1.9 197 10 9 0.89 0.069 0.06 0.69 0.1 0.2 12 0.4 34.5 4 6 

18 HW 4 26.6 570 0.3 8.07 121 260 56 1 167 56 15 2.89 0.169 0.3 0.2 4.5 0.07 12 0.4 45.5 3 2 

19 HW 5 26.8 1003 0.31 7.58 129 440 100 1.2 299 44 210 2.9 0.057 0.07 0.52 4 0.16 103 0.4 34.4 4 7 

20 HW 6 26.7 373 0.45 7.94 149 260 37 1 111 19 1 0.55 0.055 0.06 0.18 0.0 0.58 28.5 0.2 37.4 6 19 

21 HW 7 26.7 241 0.54 7.41 109 151 22 0.4 112 24 
17.
7 

0.21 0.13 1.2 0.45 1.1 0.03 8.9 0.1 19.8 1 2 

22 HW 8 26.4 524 0.82 8.12 149 284 46 3.1 179 8 7.6 0.84 0.04 0.06 0.61 0.2 0.21 14 0.2 22.4 2 3 

23 HW 9 26.7 273 1.43 7.14 132 240 36 2.1 183 17 14 0.49 0.18 0.12 0.49 0.7 0.46 19 0.3 27.8 0 1 

24 HW 10 26.2 470 0.49 8.02 124 267 56 1.1 176 65 18 2.19 0.31 0.17 0.3 1.3 0.06 13 0.3 29.4 0 1 

25 MEAN 26.6 581 0.81 7.6 138 339 63 1.5 196 30 21 2.33 0.16 0.16 0.32 1.28 0.15 50.3 0.2 33.2 2 4 

26 WHO 30 - 35 500 5 6.5–8.5 NS 600 200 120 500 250 250 50 3 0.4 2 0.01 3 200 1.5 50 0 0 
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Zinc concentration ranges from 0.02 to 0.58 mg/l with mean 
of 0.15 mg/l which are within the maximum permissible limit 
of 3 mg/l (WHO). Concentration of sodium range from 0.9 to 
519.8 mg/l with an average value of 50.3 mg/l. BH 6 (4%) at 
Angwan-sarki has elevated the WHO maximum permitted 
value of 200 mg/l. No health impact has been establish for 
such element. All samples analyzed had fluoride 
concentration below the WHO permissible limit of 1.5 mg/l 
with concentration ranging from 0.1 to 0.6 mg/l with mean of 
0.2 mg/l. BH 1 has magnesium concentration above the 
WHO maximum permissible limit of 50mg/l. the value of 
magnesium concentration within the study area ranging 
from 14.3 to 52.3 mg/l with average of 33.2 mg/l. Total 
hardness ranges from 92 – 377 mg/l with a mean of 196 
mg/l, BH 9, HW 2, HW 6 and HW 7 are within maximum 
permissible limit of 150 mg/l. Hardness is a characteristic of 
water which represents the total concentration of calcium 
and magnesium expressed as their calcium carbonate 
equivalent. Hardness of water causes disadvantages in 
domestic uses by producing poor lathering with soap, 
deterioration of cloths. Sample BH 1, BH 7, BH 11, BH 14, 
WH 9 and HW 10 meet the WHO maximum permissible 
limit of 0 cfl/100ml for The water in the study area are 

moderately hard to very hard. Water with hardness 0 – 17 
(Soft), 18 – 60 (Slightly hard), 61 – 120 (Moderately hard), 
121 – 150 (Hard) and > 150 (Very hard).Coli form count. E-
coli must not be detected in 100ml per sample reveals that 
83% of samples are contaminated by microbial 
contaminants. Possible bacterial or viral contamination from 
human sewage or animal manure. Such contamination can 
cause diarrheal diseases, constant high level exposure can 
lead to cholera and hepatitis. Total coliform (if present) 
should be interpreted to mean that it is more likely that the 
water contains a microbiological agent that may pose a 
health problem and that some action is needed. Is 
advisable not to use such water for consumption or bathing, 
if you have open wounds or sores. If the water must be 
used for consumption, it would be good to boil your water 
for at least 5minutes. Such system should be inspected 
disinfected and retested.  Other parameters such as 
Temperature, Colour, Taste, PH, Turbidity, Calcium, 
Potassium, Chloride, Sulphate, Nitrate, Nitrite, Copper, 
Zinc, and Fluoride all complied with the guide maximum 
contaminant levels stipulated by WHO (2011) for safe and 
portable drinking water.  

 
Table 2: Statistical Summary of Measured Parameters. 

 

S/N PARAMETER MIN MAX MEAN ST. DEV DEV. COEF COEF. VA 

1 Temperature (oc) 26 27 26.6 0.256 0.0096 0.96 

2 TDS (mg/l) 150 1120 339.17 191.93 0.566 56.6 

3 PH 7.14 8.12 7.67 0.313 0.04 4 

4 Turbidity (NTU) 0.18 2.4 0.81 0.596 0.736 73.6 

5 Conductivity (µs/cm) 241 1312 581 254.3 0.437 43.7 

6 Alkalinity (mg/l) 109 177 138 16.4 0.118 11.8 

7 Calcium (mg/l) 22 123 63 31 0.49 49 

8 Potassium (mg/l) 0.1 5.7 1.5 1.1 0.73 73 

9 Total Hardness (mg/l) 92 377 196 84 0.43 43 

10 Chloride (mg/l) 6 79 30 22.5 0.75 75 

11 Sulphate (mg/l) 1 210 21 45.37 2.16 216 

12 Nitrate (mg/l) 0.21 11.2 2.33 2.85 1.22 122 

13 Nitrite (mg/l) 0.04 0.72 0.16 0.161 1 100 

14 Manganese (mg/l) 0 1.2 0.16 0.33 2.07 207 

15 Copper (mg/l) 0.03 0.69 0.32 0.2 0.63 63 

16 Lead (mg/l) 0.0 4.5 1.28 1.48 1.16 115.8 

17 Zinc (mg/l) 0.02 0.58 0.15 0.148 0.98 98 

18 Sodium (mg/l) 0.9 519.8 50.3 106.2 2.11 211.3 

19 Fluoride (mg/l) 0.1 0.6 0.2 0.15 0.75 75 

20 Magnesium (mg/l) 14.3 52.3 33.2 10.05 0.3 30 

21 Coli form (cfu/100ml) 0 7 2 2.07 1.035 103.5 

22 E-coli (cfu/100ml) 0 19 4 4.52 1.13 113 

 
MIN = minimum, MAX = maximum, ST. DEV. = standard deviation, DEV. COEF. = deviation coefficient, COEF. VA. = coefficient 

of variance. 
 

The direction of groundwater movement can be understood 
in the fact that groundwater always flows in the direction of 
decreasing head. This water table contour map is an 
important tool in groundwater investigations as one can 
derive from it the gradient of the water table and the 
direction of the groundwater flow. To understand the nature 
of groundwater flow systems the hydraulic head map of the 
study area was produced (Figure 7). The hydraulic head 
map of distribution of the study area indicates regional 

groundwater flow from the recharge area around Biu, Gura 
and Tanga in the SW and flows towards Tum, Madiya and 
Yamarkumi areas in the W, NW and N respectively. 
Another recharge zone occurs around Gwaram area in the 
NW and flows towards Tum and Yamarkumi in the W and N 
respectively.  
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Fig 7: Groundwater flow Contour Map of the study area 
(Contour Interval 10m). 

 
4.1.1 SODIUM ADSORPTION RATIO (SAR) 
Sodium adsorption ratio (SAR) is a measure of the 
suitability of water for use in agricultural irrigation, as 
determined by the concentrations of solid dissolved in the 
water.  
 

                                       
   

√
 

   
           

……………..… (1) 

 
Where sodium, calcium and Magnesium are in 
milligram/liter 
 
In general the higher the sodium adsorption ratio, the less 
suitable the water is for irrigation. Irrigation using water with 
high sodium adsorption ratio may require soil amendment 
to prevent long term damage to the soil. If irrigation water 
with a high SAR is applied to a soil for years, the sodium in 
the water can displace the calcium and magnesium in the 
soil. This will course a decrease in the ability of the soil to 
form stable aggregates and a loss of soil structure. This will 
also lead to a decrease infiltration and permeability of the 
soil to water, leady to problems with crop production. 
Sodium Adsorption Ratio (SAR) within the study area varies 
from 0.11 to 150.37 with mean value of 10.31 (table 4). 
Twenty-three (96%) sample have SAR below 40 which is 
good and excellent quality for crop growth with respect to 
sodium adsorption ratio and only one (4%) sample has SAR 
above 80 found at BH 6 (Angwan-sarki) with SAR value of 
150.37 which is consider unsuitable for irrigation according 
to groundwater classification in table 3.  
 
 
 
 
 

4.1.2 SODIUM PERCENT (Na%) 
The sodium percent was calculated using equation below. 
 

                (
       

                      
)     ……………… (2) 

 
Na% varies from 0.44 to 95.62% with mean value of 
23.71% and are less than the maximum permissible limit of 
200% (table 4). Seven (29%) of the samples fall within the 
class of 20 to 40% and are consider good for irrigation. 
Three (13%) samples have percentage sodium value above 
the 20 – 40% class but are still below the maximum 
permissible limit of 200%. Fourteen (58%) have Na% less 
than 20% which are consider excellent for irrigation (table 
3). 
 
Table 3: Classification of Groundwater based on SAR and 

Na% [10]. 
 

S/N PARAMETER 
RANGE 
(meq/l) 

CLASS 

1 SAR 

20 - 40 Good 

40 - 60 Permissible 

60 - 80 Doubtful 

> 80 Unsuitable 

2 Na% 

> 200 
Above maximum 
permissible limit 

20 - 40 Good 

< 20 Excellent 

 
Table 4: Calculated values for Sodium Adsorption Ratio 

(SAR) and Sodium Percentage (Na%) 
 

S/N  LOCATION SAMPLE SAR Na% 

1 Tum 1 BH 1 31.48 75.58 

2 Yamarkumi 1 BH 2 0.97 8.01 

3 Waka BH 3 10.04 40.59 

4 Tabara BH 4 2.91 17.75 

5 Mbulamel 1 BH 5 1.94 10.16 

6 Agwan-sarki BH 6 150.36 95.62 

7 Galdimari BH 7 0.11 0.72 

8 Jigol 1 BH 8 1.32 10.28 

9 Yelwa-barki BH 9 4.43 26.17 

10 Nasarawa BH 10 2.72 16.87 

11 Jigol 2 BH 11 1.42 11.91 

12 Mbulamel 2 BH 12 1.84 11.07 

13 Fillin-jarki BH 13 5.1 30.22 

14 Tashan-Danfulani BH 14 6.53 34.77 

15 Yamarkumi 2 HW 1 2.77 19.61 

16 Gwaram HW 2 4.14 30.06 

17 Tum 2 HW 3 1.69 12.15 

18 Madiya 1 HW 4 1.68 11.35 

19 Gura HW 5 1.59 0.44 

20 Tanga HW 6 4.67 28.39 

21 Gwaram HW 7 1.95 18.2 

22 BCG 2 HW 8 2.39 20 

23 Hema HW 9 3.36 24.85 

24 Madiya 2 HW 10 1.99 14.17 

 

5. CONCLUSIONS 

Groundwater in Biu and environs has been evaluated for its 
suitability for drinking and irrigation purpose. Groundwater 
in some parts of the study area have concentration elevated 
above the World Health Organization Standard maximum 
permissible limit for drinking water and consider unsafe for 
drinking. Only 29% of boreholes and 10% of hand dug wells 
are free from contamination. Other parameters such as 
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Temperature, Colour, Taste, PH, Turbidity, Calcium, 
Potassium, Chloride, Sulphate, Nitrate, Nitrite, Copper, 
Zinc, and Fluoride all complied with the guide maximum 
contaminant levels stipulated by World Health Organization 
for safe and portable drinking water. If the water must be 
used for consumption, it would be good to boil your water 
for at least 5minutes. Such system should be inspected 
disinfected and retested. Groundwater within the study area 
is safe for irrigation with respect to its sodium adsorption 
ration and sodium percent and should be used for irrigation 
except for sample BH 6 which has high Sodium adsorption 
ratio value and is unsafe for irrigation. Northwestern part at 
Gwaram has high transmissivity value which indicating 
large amount of groundwater in this zone. Transmissivity 
value are low in northeast and southwest part of the study 
area which suggest that the chance of groundwater is low in 
this part of the study area. Geo-electric section correlated 
deduced viable point for sitting boreholes with appreciable 
thickness of weathered/fractured basement (aquiferous 
zone). We hereby conclude that the data presented here 
are representative and can be of significant value as a 
guide to groundwater resource development in the study 
area.  
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