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Abstract: Assessment of groundwater quality and its suitability for domestic and irrigation purposes was carried out in Karasuwa in 

the Chad Basin formation of North Eastern Nigeria. Ground water is the major source of water for domestic and irrigation activities in 

the study area. The ground water sample was sampled f m 17 boreholes, 2 hand dug well and a stream during rainy season and dry 

season of 2016 and  2017 respectively, the water sample were analysed using the atomic absorption, flame emission, colorimetric and 

titrimetric methods for its physical and chemical characteristics and also its suitability for domestic and irrigation activities base on 

salinity hazard, sodium percentage, sodium adsorption ratio residual Sodium Carbonate US salinity diagram, Wilcox diagram kenys 

ratio and ermeability index Ca-HCO3 Ca-Mg-Cl and Na-Cl were the dominant groundwater types and electrical conductivity in the 

area with no hardness make the groundwater suitable for drinking and agricultural uses. Concentration of Major cation (Na+ K+ and 

Mg2++) Major anions(NO3,Po4) and  heavy Matel ( Cd and Ni) did not exceed the permissible limit for drinking and irrigation  uses 

except  Pb which is above WHO 1996 standard of 0.002mg/l in almost all sample collected from  both stream and  groundwater samples  

but almost all physio chemical parameters were within permissible limit and  are therefore  suitable for domestic and agricultural 

purposes. 
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1. Introduction 
 

1.1 Background to Study 

 

Groundwater is one of the most important resources for 

human life. Its importance depends partly on its quality for 

the intended use; water quality depends upon the geological 

environment, it natural movement, recovery and utilization. 

The availability and access to fresh ground water is an 

important issue all over the world, since it constitutes the 

only reliable water supply for drinking and irrigation 

purposes. Hence understanding the groundwater quality 

changes, solute transport mechanism and identifying 

recharge areas in the groundwater zone has become 

important in protecting human health. This is because 

groundwater contains a wide variety of dissolved inorganic 

species in various concentrations as a result of the 

biochemical interactions between the water and geological 

materials through which it flows and to a lesser extent 

because of contributions from the atmosphere, surface water 

bodies and anthropogenic activities. Extensive work has 

been carried out on Chad Basin which includes the works of 

Barber and Jones (1960) (1965) on pressured water in Chad 

Formation, Camalt and Tibbits in (1963) on water level and 

artesian pressure of some boreholes in chad basin, followed 

by the work of Miller et al. (1968) on the characteristics of 

upper and middle zone  aquifers, and that of Ndubussi 

(1990) and Adamu (2016) to determine the rate of decline of 

groundwater in upper, middle and lower aquifers as a result 

of heavy abstraction.Most part of the Northern Nigeria, the 

dominant source of drinking water for domestic uses is from 

boreholes, hand dug wells, river, streams and ponds. Where 

boreholes are properly sited, the water is less susceptible to 

human pathogens like cholera, typhoid, dysentery guinea 

worm and many others. The major problem of groundwater 

is its chemical content which must be analysed to ascertain 

if the dissolve ions in the water fall within the permissible 

limit for consumption as proposed by the World Health 

Organisation (WHO) and Nigerian Industrial Standard of 

Drinking Water Quality (NISDWQ) 2007. 

 

The rapid increase of population growth has raised the 

demand for potable water for rural people in some areas 

especially during dry season, a period where the demand for 

water is high because of domestic and irrigation activities. In 

some rural areas, (the study area inclusive) women travel for 

some kilometres to search for and fetch water from the 

streams, ponds, rivers and open well, that might be 

contaminated with pathogens which may cause deadly 

disease to the rural population.This and many others did not 

give a clear insight on the quality of the groundwater.  

 

This research is therefore, aim to assess groundwater quality 

of the study area and determine its suitability for domestic 

and irrigation uses with the objectives to predict the Hydro 

chemical analysis of groundwater which will entail the 

analysis of water to determine its suitability for both 

domestic and Irrigation purposes 

 

1.2 Location of Study Area 
 

The proposed area of study is located between latitude 

12
o
45'N to 13

o
00'N, and longitude 10

o
30'E to 10º45'E on 

Gogaram sheet 40 Northwest. The area is accessible by 

various major/minor roads and footpaths network linking the 

villages around the area. 
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Figure 2: Rainfall map of Nigeria (After Schoeneich, 1998) 

 

Hydrogeology of Chad Basin 

The hydro stratigraphy and hydro dynamics of the area play 

a vital role in the recharge of the lake. Omali (2011) pointed 

out that the upper aquifer of the south west portion of the 

basin consists of a quaternary phreatic aquifer which is made 

up of fine-grained (Servant and Servant, 1983). Dune 

remnants are still present causing an irregular relief in the 

Lake Chad basin, especially along the eastern shore. 

Maduabuchi et al. (2006), undertook some groundwater 

investigations in the Nigerian sector of the Chad Basin and 

presented a brief description of the geologic and hydro 

geologic settings of the Chad Basin. John (1960), Baber et 

al. (1965), Miller 1968, Adamuet.al. (2007), Global Water 

Partisanship (2013).  The basin contains three major 

permeable aquifer units separated by confining clay beds, 

which represent lake bed deposition from times during 

which the lake was much larger. The Lower Zone confined 

aquifer is comprised of sand and clayey sand. The upper 

aquifer at 30 to 100 m depth has yield of 2.5 to 30 l/s. The 

Middle Zone confined aquifer of the Chad Formation is 

comprised of fine to very coarse, uncemented sand. The 

middle aquifer is about 40 to 100 m thick having a yield of 

24 to 32 l/s and a lower aquifer consisting of sands and clays 

at a depth of 425 to 530 m with yield of 10 to 35 l/s 

Akujiezeet al. (2003), British Geological Survey, (2003). 

 

 

 
Figure 3: Geologic cross-section of the Lake Chad basin, showing the upper and middle aquifer zones within the Chad 

formation, separated by confining units (After Kolawale, et al., (2012) 

 

The Upper Zone consists of interbeded sands and clays that 

underlie most of the Lake Chad Basin region. This upper 

aquifer is considered to be unconfined. In the past twenty 

years, there has been a continuous lowering of the water 

table, as well as a reduction in the size or piezometric head 

of the confined aquifers, Adamu (2016). 

 

2. Materials and Methods 
 

The field work covered a period of seven months (October 

2016- April 2017). This period included both the end of 

rainy season (October) and end of dry season (April) and it 

was carried out in three stages; desk studies, field work and 

laboratory analysis. 

 

Data from various agencies like the Lake Chad Research 

Institute, Borno State Agricultural Development Authority, 

Yobe State Ministry of Water Resources, Yobe state 

Agricultural development authority, Federal Ministry of 

Water Resources and the Nigerian Hydrogeological Agency 

were consulted. Other relevant information where obtained 

from existing literatures such as text books, journals, and 

lecture notes. 
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2.1 Water Sample Collection 
 

A total of twenty (20) water samples were taken from 

seventeen (17) boreholes, two (2) hand dug wells and one 

(1) river for hydrochemical analysis (Figure 12) in order to 

have a wide coverage. The sample bottles were thoroughly 

washed and rinsed three to four times with the water been 

sampled before filling the bottles. Two separate samples 

were collected from each water point one for anions 

determination while the other for cation determination. The 

samples collected for cation determination were acidified 

with concentrated nitric acid (HNO3) to a pH of 

approximately 2. This is done in order to reduce the 

adsorption of ions to the wall of the container from solution. 

Samples were then preserved in fridge before being taken to 

laboratory for analysis.  

 

At each sampling point, certain physical parameters such as 

temperature, electrical conductivity and pH were measured 

in-situ using thermometer, portable electrical conductivity 

cell and a pH meter. This was done because their value 

might change significantly soon after collection. Data for the 

parameters measured, time of measurement, location name 

and numbers were all recorded. 

 

2.2 Laboratory Work 

 

2.2.1 Physiochemical analysis (water samples analysis) 

Analysis of the collected water sample, for their major 

cation, and anion, component, was carried out at Regional 

laboratory, Gombe, Federal Ministry of Water Resources 

laboratory and the Multiuser laboratory A.B.U Zaria. Where 

some cations, anions and heavy metals were analysed. 

 

3. Results and Data Interpretation 
 

Data obtained from the field which include measured 

Physical and chemical parameters, and water level 

measurement were evaluated. The data obtained were used 

to plot geological map, drainage and sampling point map 

and hydrogeological maps. Also Schoeller, Wilcox and 

Gibbs diagrams were produce for both wet and dry seasons 

respectively. 

 

Hydrochemistry 

The results obtained for physical and chemical parameters of 

water samples from the study area are presented in 

comparison to the World Health Organization (WHO, 2011) 

and Nigeria Industrial drinking water Quality Standard 

(NSDWQ 2007) guidelines respectively. 

 

Physical parameters 

From the results obtained the pH of groundwater samples in 

the study area are slightly acidic to slightly basic and ranges 

from 6.5 to 8.7 with average mean of 7.6.  The water 

samples have a pH within the guideline range of 6.5 to 8.7. 

Groundwater temperature varies between 27 
0
C to 34.4 

0
C 

with a mean of 30.7 
0
C. Specific electric conductivity values 

of 126µs/cm to as high as 1150µs/cm were recorded with an 

average is 1000µs/cm. The corresponding values of total 

dissolved solids (TDS) measured in-situ range from 63mg/l 

to 525mg/l with a mean of 500mg/l. The static water level 

(SWL) ranges from 10.5 m to 15.7m with average of about 

13.1 m in dry season (Table 4) and ranges from 11 m to 26 

m with average of about 18.5 m in wet season (Table 5). 

 

Chemical parameters 

 

Cations 

Sodium (Na+) occurs in concentration that ranges from 2.2 

mg/l to 20 mg/l with a mean of 11.1 mg/l this fall within the 

permissible limit (<50 mg/l) NSDWQ (2007). Potassium 

(K
+
) has concentrations varying from 6.7 mg/l to 12 mg/l 

with a mean of 9.35 mg/l. Calcium (Ca
2+

) concentration 

ranges from 0.238 mg/l to 11.408 mg/l with mean value of 

5.82 mg/l which is within the permissible limit. Magnesium 

(Mg
2+

) concentration ranges from 3.05 mg/l to 13.96 mg/l 

with a mean of 8.5 mg/l. Copper (Cu) has concentration 

ranges from 0.008-0.01mg/l with an average of 0.009mg/l 

which is within the permissible limit. Zinc (Zn) occurs in a 

concentration ranges from 0.1-8.65mg/l with an average of 

4.4mg/l which is above permissible limit.  Iron (Fe
2+

.) 

occurs in concentration ranges from 0.21 to 7 with an 

average of 3.61mg/l which are above permissible limit 

which makes the water not suitable for drinking and for 

making laundry. For the major anions, Nitrate (NO3) 

concentration ranges from 0.20 mg/l to 84.6 mg/l with mean 

of 44.4 mg/l with location like Malari, Zolo, and Atta which 

are above permissible limit of 50mg/l of (NO3) respectively 

Phosphate (PO4) concentration ranges from 0.94mg/l to 

4.7mg/l with an average of 3.29mg/l this fall within the 

permissible limit and therefore is suitable for drinking. 

Sulphate occurs with concentration ranges from 2.0-20 mg/l 

with an average 11.0 mg/l which is within the permissible 

limits. 

 

Sodium adsorption Ratio (SAR) and the Suitability of 

the Water for irrigation 

SAR is calculated using the formula, SAR =   

𝑁𝑎+

 
𝐶𝑎2+ + 𝑀𝑔2+

2

 

 

However using the above formular the SAR of three (3)  

selected samples Na, Ca, and Mg (Table 7) was calculated 

with the values of 1.273, 1.407, and 1.882  respectively 

when compared with the standard value of 4.6 it showed that 

the water is very good for both irrigation and domestic use. 

 

Figures 10 and 11 showsWilcox plots after Wilcox, (1962) 

which is a plot of Sodium Hazard (SAR) on the Y-axis vs. 

Salinity Hazard (conductivity) on the X-axis This figure 

shows that nineteen (19) of the samples are excellent for 

irrigation with conductivity of (< 250 µs/cm); one (1) of the 

sample is moderately good for irrigation with conductivity 

range (750-2250 µs/cm) during wet season figure 10.  

 

While during dry season eighteen (18) samples are excellent 

for irrigation with conductivity ranges of (< 250 µs/cm) and 

two (2) samples are moderate for irrigation with 

conductivity ranges of (750-2250 µs/cm) figure 19. 
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Figure 10: Wilcox plot for water samples from the Study 

area during wet season 

 

Conductivity (us/cm) C1: Low (0-249), C2: Medium (250-

749), C3: High (750-2249), C4: Very High (2250-5000). 

The values are divided into the following categories; S1: 

Low, S2: Medium, S3: High, S4 Very High. The locations 

of the SAR lines are determined by the following equations; 

S1: line equation: y= -1.5816e-3x+10.15816, S2: line 

equation: y= -2.2959e-3x + 18.229, and S3: line equation: 

y= -3.0102e-3x + 26.30102. 

 

 

 

 

 

 

 

 

 
Figure 11: Wilcox plot for water samples from the study area during dry season. 
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Figure 12: Schoeller plot for data of the wet season 

 

Figure 20 shows plot concentrations in mg/l on y axis 

against parameters (Ca, Mg, Na, SO4, HCO3) on x axis. 

From the map, the dominant elements that have high 

concentration are Ca and Hg which are found in Yamdago, 

Malari and Lafiyo boreholes which are located at the same 

axis on the map. 

 

Also using Gibbs plot in  the study area, figure 21 and 22 

indicate that the ionic composition for 19 borehole samples 

and stream were controlled by three distinct fields such as 

precipitation dominance, evaporation dominance and rock– 

water interaction dominance.  

 

Suitability of the water for Irrigation 

In terms of Cadmium (Cd) concentration the water can be 

used for a long term because the measured value ranged 

from 0.001 to 0.005 mg/l with an average value of 

0.003mg/l whereas permissible limit is 0.003 mg/l. For 

Nikel (Ni) which ranges from 0.005mg/l to 0.394 having an 

average of 0.199mg/l with a permissible limit of 0.2mg/l can 

be used for long term irrigation. 

 

Lead (Pb) ranged from 0.378 mg/l to 0.71 mg/l with mean 

value of 0.544 mg/l whereas the long-term limit is 5.0 and 

short term is 10mg/l therefore it can be used for long term 

irrigation. Manganese (Mn) ranged from 0.013 mg/l to 1.297 

mg/l with average mean value of 0.650 mg/l whereas the 

long-term limit is 0.2 and short term is 10mg/l therefore it 

can be used for short term irrigation. Zinc (Zn) ranged from 

0.039 mg/l to 8.622 mg/l with average mean value of 4.336 

mg/l whereas the long-term limit is 2.0 and short term is 

10mg/l therefore it can be used for short term irrigation. 

Cupper (Cu) ranged from 0.001 mg/l to 0.098 mg/l with 

mean value of 0.049 mg/l whereas the long-term limit is 0.2 

and short term is 5.0mg/l therefore it can be used for long 

term irrigation. Iron (Fe2
+
) ranged from 0.21 to 7.0 with an 

average mean of 3.61mg/l whereas the long-term limit is 5.0 

and short term is 20mg/l therefore it can be used for long 

term irrigation. 

4. Conclusion 
 

The study indicated that some of the groundwater and 

stream samples in the Karasuwa area are generally suitable 

for irrigation and domestic uses. But not all the borehole are 

suitable for drinking due to high concentration of Pb, Cd, 

Mn, Ni, NO3, Fe
2+

and Zn and Hg above  WHO (2001) and 

NSDWQ(2007). However, pH is slightly acidic to slightly 

basic. Lead (Pb) is high and therefore not in accordance with 

permissible limit and is not suitable for drinking. As such it 

causes kidney failure in the area (Prosan Engineering 

Company Ltd2014). Presence of this chemicals indicate the 

source from the domestic waste, house hold activities, waste 

generated by industries and geological condition such as 

rock affected by weathering and erosion  all of which were 

transported by Komadugu, Hadeja-Jama’are River into the 

study area, Garba (2014). Moreover the concentration of 

TDS is within the permissible limit. The cations, anions and 

heavy metals are evenly distributed in study area as 

indicated on the Figures 8, 9 and 10 and represented on 

Figures 11, 12 and 13.  

 

5. Recommendation 
 

 More data    should be generated so as to ascertain the 

level of concentration of the toxic trace element in the 

entire Chad basin. 

 Hadejia-Jama’are river and Komadugu river to be 

dredged to allowed the passage of water to lake Chad 

there by recharging the aquifer of the area, it will lead to 

dilution  of the high concentration of the physiochemical 

parameters of the area 

 All Constructed Dams should be operational so that  

water will passage through the river and its tributaries to 

recharge the aquifer of the area 

 To remove heavy metals from the area government 

should apply the following methods reverse osmosis, 

distillation, ion exchange, activated carbon filtration. 

 For those that are affected by the effect of heavy metals, 

it is recommended that they should drink more purified 

water, eat more cilantro, add more chlorophyll to the 

diet, and replace metal fillings with the resin and also by 

pump action. 
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