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Abstract
Ground water is the most important natural source of water 
in the eastern to Bara basin, White Nile state, Sudan. In 
order to evaluate their suitability for drinking, domestic and 
irrigation purposes, chemical characteristics of groundwater 
have been investigated and evaluated. The samples have 
been analyzed to determine physical parameters like pH, EC, 
and TDS, the chemical parameters like Na, K, Ca, Mg, HCO3, 
SO4 and Cl. These parameters are used to determine the 
quality of groundwater by comparing the quality of drinking 
water standards published by WHO. From the analyzed 
data, some parameters like Sodium Absorption Ratio (SAR), 
Residual Sodium Carbonate (RSC), percent sodium (Na%), 
Magnesium Hazards (MH) and Permeability Index (PI) have 
also been determined. A total of 25 ground water samples 
were collected from different sources shallow and deep 
wells and analyzed for major cations and anions. The 
domination of cations and anions was in the order of Na+  
>Ca2+>Mg2+>K+    and   HCO3

->Cl->SO4
2->CO3

2-. The calculated
parameters show that the majority of the groundwater
samples were suitable for drinking and irrigation uses.
However, high salinity values at few wells restrict the
suitability of the water for irrigation uses.
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Introduction
Ground water is still the best and most reliable source of fresh

water. For both human needs and agriculture production, the
aquifers are the principal reservoir against drought.
Furthermore, groundwater is more resistant to pollution than
surface water [1]. In the view of growing population, rising of
living standards, anthropogenic pollution and climatic changes,
water resources are stressed and the demand for food is
growing. In times of drought, groundwater acts as a key strategic
reserve. Agriculture in Sudan continues to be the primary source

of income and livelihood for 60% to 80% of the people, as well
as the engine of growth for other economic sectors such as
trade, industry, and transportation. Agricultural development is
predicted to result in the establishment of more job
opportunities. This improves rural development prospects while
reducing internal migration to big cities, resulting in food
security stabilization and poverty reduction. Availability of
renewable resources, as well as their sustainable management
and exploitation, are some of the key future problems that may
influence groundwater [2]. In the management and optimization
of groundwater resources, groundwater studies, understanding,
and assessing resources in dry and semi-arid environments are
critical. Water quality concerns have become a significant
concern in recent years as a result of population increase, urban
expansion, and technological. Recently, rapid urbanization,
industrialization, and agricultural expansion have resulted in the
release of a variety of contaminants into the environment,
including water sources. Groundwater quality, which is influence
by recharge and pollution, can improve or deteriorate over time.
One of the most important sources of water in the White Nile
State is groundwater. Agriculture is the main source of income in
the area [3]. For individuals living in this area, ground water is
used for drinking and agricultural reasons by a large majority of
the population. Economic development and a variety of human
activities are heavily reliant on the availability of sufficient, high
quality water. Several hydrogeological and hydro chemical
studies were conducted around the study area. However, the
ability of groundwater to meet household needs and irrigation
water needs further study and evaluation in that area. In the
context of the effective management of this vital resource in the
region, it has become necessary to assess its suitability for these
uses. Since there are no industries in this area, the main
objective of this work is primarily to assess the suitability of
groundwater resources for use in drinking, irrigation and for
domestic life. In general, it is widely known that the uses of
ground water resources are closely related to their geochemical
characteristics. Ground water quality is determined by a variety
of chemical constituents and their concentrations, which are
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primarily based on the geological data of a specific region [4]. The 
chemistry of groundwater is influenced by a number of factors, 
including soil/rock water interaction during recharge and 
groundwater flow, aquifer storage, and mineral species 
dissolution [5]. These processes are linked to mineral 
weathering, which has a significant impact on groundwater 
chemistry. The main objective of this research is to establish 
whether groundwater resources are suitable for irrigation and 
domestic usage. The rural population in the study area relies on 
groundwater for agriculture and domestic purposes for the 
majority of the year. As a result, the focus of this study was on the 
geochemical and qualitative evaluation of groundwater 
samples [6-9].

Materials and Methods

Study area
The study area is located in west central Sudan, west of the 

White Nile State. It is situated between longitudes 32.00 and 
32.400 E and latitudes 13.00 and 13.400 N in Figure 1 and covers an 
area of about 32 square kilometers (30,411 Km2). The climate was 
semi arid throughout the area. Precipitation rates range from 
200 mm per year in the north to 450 mm per year in the south 
[10]. The average temperature is 27 degrees celsius, with lowest 
temperatures of 10 degrees celsius and high 
temperatures of 46 degrees celsius. The natural vegetation in the 
study area as characterized by a mixture of grasses and herbs 
with scattered bushes (Figure 1). The geology of the study area was 
summarized from top to bottom a superficial deposits, Umm 
Ruwaba formation and basement complex rocks. There are two 
types of aquifer system in the study area shallow and deep 
aquifers [11]. The water table is relatively shallow (5–10 m), Kosti 
Basin complexes make the main basin in the study area and are 
generally trending northwest to southeast, whereas the Kosti Basin 
is in the western extension of the Blue Nile Rift System (BNRS) [12].

Figure 1: Location map from White Nile state.

Methodology
During January 2018, 23 ground water samples were 

collected from wells. The most of these shallow wells have 
been used for agricultural and domestic reasons. Several 
water quality parameters, including Electrical Conductivity (EC), 
pH, and Total Dissolved Solid (TDS), were measured in the 
field with digital meters. The pH, electrical conductivity, total 
dissolved solids, as well as major cations Na+, K+, Ca2+, Mg2+ 
and anions Cl-, SO4

2-, CO3
2-, HCO3

-, and NO3
- in the laboratory 

were analyzed using Standard Methods for the 
Examination of Water and Wastewater 25th Edition 2005 
(SMEWW) in Khartoum, UNESCO, water quality lab, and 
University of Omdurman Islamic [13].

The suitability of groundwater for drinking, domestic 
purpose and agricultural were assessed by comparing the 
parameter value with WHO and SSMO [14]. Parameters such 
as Sodium Adsorption Ratio (SAR), Soluble Sodium Percentage 
(SSP), Magnesium Adsorption Ratio (MAR), Kellys Ratio (KR) 
were also calculated from the result to determine the 
suitability of the water for irrigation purpose [15].

Results and Discussion

pH, EC and TDS
The results of the analysis were compared to World Health 

Organization criteria for significant elements [16]. pH of the 
water samples ranged from 7.2 to 8.3, with an average pH of 
7.5, suggesting that the groundwater samples were slightly 
alkaline nature. The measured EC of the ground water in the 
study area varies from 336 to 5103 µS cm-1, with an average 
1280 µS cm-1. The TDS in the area were varies between 201 
and 2806 mg/l with an average of 743 mg/l [17].

Major ion chemistry
Table 1 provides the analytical data, calculated values, and 

statistical characteristics such as the lowest and maximum 
average of groundwater samples. The order of anion and 
cation abundance was HCO3

->Cl->SO4
2- and Na+>Ca2+>Mg2+>K+ 

in mg/L respectively showed in Figure 2 [18].

Parameters Min Max Average WHO (2008)

pH 7 8 7.5 6.5-8.5

TDS 201 2806 743 1000

EC 336 5103 1280 1500

TH 40 380 138 500

HCO3
- 81 521 254 350
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Cl- 30 850 129 250

NO3
- 0.4 65 17 50

SO4
2- 0 235 41 250

Na+ 28 600 159 200

Ca2+ 0 89 22 100

Mg2+ 8 37 19 50

K+ 1 27 10 -

All major elements in mg/L

Bicarbonate was the most common anion, accounting for
around 60% of the total anions. The high concentration of HCO3

-

can be attributed to the contribution of carbonate rocks which
may be derived from carbon dioxide in the atmosphere, soils,
and carbonate rocks [19]. Chloride is the second most abundant
anion, accounting for around 30% of all anions. The high Cl-
concentration attributed to leaching from upper soil layers,
direct infiltration and the processes associated with the
evaporation of water during the movement in the direction of
the flow path. Sulphate was the least prominent ions,
accounting for just 10% [20]. Sodium was the most common
major cation, accounting for 75% of total cations on average.
Calcium and magnesium ions were second and third in
significance, accounting for 11% and 9% of total cations,
respectively. Potassium was the least prominent cation,
accounting for only 5% of all cations. Concentration of Ca2+,
Mg2+ and K+ are not exceeding the desirable limits. Some sample
give high concentration of Na+ caparison with the recommended
permissible limit [21].

Figure 2: Summary of major cations and anions.

High concentration of sodium was attributed to cation
exchange among minerals and dissolution from rocks [22].
Sodium and potassium contributed more than to the
magnesium and calcium ions in the groundwater taken from
study area.

Ground water is suitable for drinking in the study area based
on the concentrations of major ions and quality parameters like
pH, TDS, TH (Figure 3).

Figure 3: Pie chart shows the percentage of ions
concentrations.

The physical and chemical characteristics that impact 
groundwater quality in a given location are substantially 
influenced by geological formations and anthropogenic activity. 
The World Health Organization's standard recommendation 
values for drinking were compared to the analytical results of 
physical and chemical properties of groundwater [23]. More 
than 90% of the samples in these areas are of excellent quality 
and appropriate for drinking. Natural processes such as 
interaction between water and rocks, ion exchange, 
sedimentation, and evaporation have caused certain samples to 
show aqueous with NaCl.

Suitability of ground water for irriga ion and
domestic uses

The results of the water analysis performed in this study were 
used to determine the appropriateness of water for agricultural 
use [24]. SAR, Na percent, Magnesium Hazard (MH), PI, and RSC 
are some of the metrics that may be used to determine the 
quality of irrigation water.

The alkali hazard
The absolute and relative concentrations of cations determine 

the sodium or alkali danger in the use of water for irrigation, 
which is stated in terms of Sodium Adsorption Ratio (SAR) [25]. 
The Sodium Adsorption Ratio (SAR) is a measurement of water’s 
appropriateness for agricultural irrigation based on the 
quantities of solids dissolved in it. Irrigation with Na+ rich water 
can diminish soil permeability, limiting air and water 
movement. This is owing to the established exchange 
mechanisms between water and soil. The clay particles 
absorb the Na+ ions, which replace the Mg2+ and Ca2+ ions. 
The Sodium Adsorption Ratio
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SAR Equation is used to determine whether there is too much
sodium or too little calcium and magnesium [26].

Figure 4: RSC for ground water samples.

SAR Suitability for irrigation

1–10 (71.42%) Suitable for all types of crops and soil except for those crops 
sensitive to sodium

10–18 (14.82%) Suitable for coursed textured or organic soil with permeability

18–26 (3.57%) Harmful for almost all soil

>26 (0.0%) Unsuitable for irrigation

Sodium content
Sodium concentration in the irrigation water is also expressed

by percent sodium or soluble sodium percentage (Na%), which
can be using calculated the formula.

All concentrations were reported in meq/L

In this work, the values obtained for the percent of sodium 
parameter in the study area ranged from 31% to 94% with 
average 65%. 52% of groundwater samples are below the 
threshold of 50 percent, that samples has no sodium hazard and 
fit for irrigation as far as sodium percent is concerned.

Magnesium hazard
Magnesium Hazard (MH) can be calculated using this formula.

All concentrations were reported in meq/L

In most cases, calcium and magnesium in water are "in a 
condition of balance." The magnesium concentration of water is 
one of the most significant qualitative factors for assessing

irrigation water quality [28]. As soils grow more salty, more
magnesium in water will have a negative impact on agricultural
production. The presence of high levels of magnesium in water
has a negative impact on soil quality. It causes the soil to
become alkaline in nature, lowering agricultural output. Ground
water appropriate for agriculture may be found using MH. Water
is deemed good for agriculture if the MH is less than 50 and
unsuitable if the MH is greater than 50. From the calculated
values in the study area, the magnesium hazard ranged between
22.9% and 100%.Some samples had a MH above 50 and were
thus not suitable for irrigation [29].

Permeability index
The Permeability Index (PI) is another metric for determining

whether or not water is suitable for irrigation. The Permeability
Index was used by Doneen to classify irrigation fluids (PI). The
formula for calculating PI might well be found in equation 4 [30].

All concentrations were reported in meq/L

Agricultural techniques such as irrigation have a long-term
impact on the soil and its permeability [31]. The permeability
processes in the soil are influenced by sodium, calcium,
magnesium, and bicarbonate ions. Consistent irrigation water
usage reduces soil permeability by increasing the presence of
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All concentrations were reported in meq/L

SAR values in ground water samples varied from 1 to 20.8 
with an average of 6.2 in two ranges based on sodium 
adsorption value [27]. The sodium hazard in the analyzed water 
is classi ied as low (64%), medium (20%), and (6%) in high and 
very high based on the SAR values projected on the salinity 
diagram as alkalinity hazard (Figure 4). Table 2 depicted the SAR 
categorization of groundwater samples from the research

Table 2: Suitability of water for irrigation with different value of region. Except for four samples, all groundwater samples were found to be 
suitable for agricultural activities based on this ratio. SAR

https://www.imedpub.com/journal-water-pollution-control/


All concentrations were reported in meq/L

The water suitability for irrigation according to the RSC is 
based on three classes: water is not suitable for irrigation if 
the water RSC exceeds 2.5 meq/L, slightly adapted to irrigation if 
RSC ranges between 1.25 and 2.5 and acceptable for irrigation if 
the RSC values are less than or equal to 1.25. The 
classi ication of groundwater for irrigation according to the 
RSC values is presented in Table 3 and Figure 5, 48% of samples 
RSC is <1.25 indicating that those samples are suitable for 
agriculture and 24% within 1.25-2.5. 28% whose RSC are of 
>2.5 indicating alkaline hazard and non-suitability of water for
agriculture (Table 3) [34].

salt, calcium, magnesium, and bicarbonate in the soil. Doneen 
classi ied irrigation water in three PI classes [32]. Class-I and 
class-II water types are suitable for irrigation with 75% or more 
of maximum permeability, while class-III type of water, with 25%
of maximum permeability, are unsuitable for irrigation. In the 
present study, the P.I of the groundwater samples ranged from 
33 % to 74 % with a mean value of 56%. The ground water 
samples in the study area were suitable for irrigation category of 
Doneen chart [33].

Residual sodium carbonate
The amount of HCO3

- and CO3
- in excess of alkaline earths 

(Ca2++Mg2+) represented as RSC also affects the irrigation 
appropriateness of water. The influence of carbonate and 
bicarbonate, as well as the suitability of water for irrigation, may 
be determined by using the following method to calculate 
Residual Sodium Carbonate (RSC) values.

Table 3: Quality of groundwater based on RSC.

RSC Quality Percentage

<1.25 Low (Good) 48%

1.25-2.5 Medium 24%

>2.5 High (Unsuitable) 28%

Water classification
The plot of data in Figure 5 by US salinity diagram proposed

by US Salinity Laboratory Staff, Richard, in which the EC is taken
as salinity hazard and SAR as alkalinity hazard, shows that
majority of the water samples fall in the category C2-S1
indicating medium salinity and low alkali water which were
suitable for irrigation [35]. The majority of the data occurred in
these category, this water can be used for irrigation without any
problem.

The water samples were divided into five groups based on the
data plotted on the salinity map. Most groundwater samples fall
under C2-S1 which was suitable for irrigation. This water can be
used for irrigation without any problem. Comparatively few
samples were grouped under C3-S2 should only be used on
those soils which have good drainage and only plants having a
good salt tolerance should be grown. Some samples considered
to show high salinity and high sodium hazard within the water
category class C3-S3. One sample in categories C3-S4 and C4-S4
distinguished by very high salinity and high to very high levels of
sodium is not suitable for irrigating in any type of soil [36].

Figure 5: US salinity diagram for groundwater samples.

Conclusion
Field and laboratory researches of groundwater in the White 

Nile State, Sudan to analysis twenty five groundwater samples 
from deep and shallow wells to determine the quality for both 
drinking and irrigation purposes. The pH and TDS of ground 
water showed that the water were slightly alkaline nature. From 
the above study, it is inferred that the abundance of anions and 
cations was in the order of HCO3

->Cl->SO4
2->CO3

2-and Na+> Ca2
+>Mg2+>K+. The ions such as Na, Cl and HCO3 in very few 
samples were higher than the permissible limit due to mineral 
dissolution. The groundwater is largely safe and suitable for 
drinking  and domestic purposes except in few locations. The
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quality of groundwater for irrigation is analyzed by calculating 
parameters such as SAR, Na%, PI, MH and RCS. SAR in water 
samples ranged from 1 to 20.8 an average value of 6.2 and can 
be classified as excellent and good for irrigation. The values 
obtained for the percent of sodium parameter in the study area 
ranged from 31% to 94% with average 65%. Some samples had a 
MH above 50 and were thus not suitable for irrigation. Based on 
PI, it is found that groundwater is good to moderately suitable 
for agriculture. The results shows that almost of the 
groundwater samples fell in the field of C2-S1, indicating water 
of medium salinity and low sodium, which can be used for 
irrigation in almost all types of soil with little danger of 
exchangeable Na+. Generally, groundwater in the study area is 
suitable for both domestic and irrigation uses. The study's 
conclusion is that groundwater in this region is a big and crucial 
resource for growth in both the social and economic sectors, 
and that sustainable management of this vital resource is 
desperately required.
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