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ABSTRACT

This study was carried out to analyse groundwater quality for irrigation
purpose in Mitrid City. Fifteen samples from different sites of selected study
area were collected and analysed for major anions and cations. The suitability
of the groundwater for irrigation were evaluated based on the TDS, EC,
Sodium Absorption Ratio (SAR), Kelly’s Ratio (KI), Sodium Percentage
(Na%), Soluble Sodium Percentage (SSP) and Permeability Index (PI). The
calculated parameters show that the majority of the groundwater samples are
suitable for irrigation uses. According to the Gibbs diagram, groundwater in
the study area is dominated by evaporation followed by rock—water interaction
process. Also the Wilcox diagram classify the groundwater as good to doubtful
category. Generally, the groundwater in the study area is good for irrigation
purposes.
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INTRODUCTION

Generally, the quality and quantity of groundwater

mainly depends on the geochemistry of soils and rocks
through which water flows before reaching the aquifers,

Groundwater is the main source of water used for
agricultural and industrial human activities in the
countries where surface water is in short supply.
Therefore, the assessment of groundwater quality and its
sustainable use are of paramount importance in arid and
semi-arid agricultural regions, where irrigation water is
of critical social and economic importance, (Zuane,
1997; Kumar et al., 2006; Delgado et al., 2010).

on the balance of precipitation and evaporation, the
quality of recharged water (Al-Shaibani, 2008;
Chidambaram et al., 2011; Prasanna et al., 2011; Fipps,
2003; Asawa, 2014).

Many scientists have focused attention on the negative
effects of irrigation water quality on soil properties and
crop yields (Bezborodov et al., 2010; Pang et al., 2010;
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Pedrero et al., 2010; Ghazaryan et al., 2016). The
results of the various investigations have shown that the
evaluation of groundwater quality is needful for the
protection and proper management of agricultural land
(Mitra et al., 2007; Zhang et al. 2011; Li et al, 2012;
Nagaraju et al, 2017; Asante-Annor et al., 2018;
M.K.N. Kumar et al. 2019).

The major water ions are used to classify groundwater
based on the basic element compounds of cations and
anions of dissolved salts in water. The aims of this study
were to evaluate the groundwater quality status for
irrigation purpose using water quality indices such as
Salinity index; electrical conductivity (EC) and total
dissolved solids (TDS), Sodium Absorption Ratio
(SAR), Kelly’s Ratio (KI), Sodium Percentage (Na%),
Soluble Sodium Percentage (SSP) and Permeability
Index (PI), and diagrams such as Wilcox and Gibbs.

MATERIALS AND METHODS

The study area is in the western side of Azawia in
Mitrid city, and is located between latitudes
32°47'13.37"N to 32°41'34.52"North and Longitude
12°35'10.68" to 12°37'59.60"E, Figure (1).
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Figure (1): The location of the samples.

The present research work is based on 15 ground water
samples collected from the study area in Mitrid Libya.
The groundwater samples were collected in pre-cleaned
polyethylene bottles from bore wells as per the standard
procedures. The samples have collected, after 5 minutes
of run-off water drawn from wells. The water samples
were analyzed for various parameters which include
electrical conductivity (EC), total dissolved solids
(TDS), cations such as calcium (Ca*™), magnesium
(Mg*™), sodium (Na*) and potassium (K*); and anions as
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Chloride (CI"), bicarbonate (HCO3), Sulfate (SO4~) and
nitrate (NOz’). The groundwater chemical composition
were measured to determine the concentrations of
sodium ions (Na*), potassium ions (K*), the water
samples contents of these cations is measured using
Flame photometer. The total HArRDNESs calcium ions
(Ca*™), magnesium ions (Mg**) was determined by
EDTA titrimetric method. Chloride ions (CIl) was
determined by silver nitrate titration. Carbonate ions
(CO3™) and bicarbonate ions (HCO3z?) were determined
by sulfuric acid. Sulfate ions (SO4™) and nitrate ions
(NO3z) contents were determined using spectro-
photometer. The Salinity refers to the amount of total
dissolved solids (TDS) in the water and is frequently
measured by electrical conductivity (EC). Waters with
higher TDS concentrations will be relatively
conductive. TDS is measured in parts per million or
mg/L and EC is measured in micro-Siemens per
centimeter (uS/cm). The general formula adopted to
calculate the TDS (Kelly, 1946) is:

TDS (Mg/L) = 0.64 - EC ..............(1)

The statistical parameters and the
concentrations are tabulated in Table (1).

major ion-

Table (1): Groundwater chemical analyses (meg/L):
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RESULTS AND DISCUSSION

Water quality parameters major cations as Na*, Ca?*,
Mg?*, K* and anions CI-, SO4?", HCO3;~, CO3>", NO3~
were used to determine SAR, KR, Na%, SSP, PI, R1,
and R2 in Table (2).
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1. Sodium Absorption Ratio (SAR)

The sodium adsorption ratio is an indicator of the
relative proportion of sodium ions in a water sample to
those of calcium and magnesium. SAR is used to predict
the sodium hazard of water. It is formulated as Eq. (2):

Na
SAR=——— ..............(2)

fCa+Mg '
2

Water having SAR values <10 is considered excellent,
10-18 is good, 18-26 is fair and above 26 is unsuitable
for irrigation use (Kelly, 1946). The SAR values varied
from 1.86 to 5.43 and have been classified as excellent
and suitable for irrigation (Table 2).

Table (2): Groundwater quality indices for irrigation

purpose.

‘I‘:'El.l SAR Kl Na% SSP PI Rl R
l 518 0.68 4092 4052 4603 052 0.80
1 436 040 2887 1833 3164 052 081
3 543 0.6l #5538 47 058 0.84
4 475 0.62 3852 R4 4168 047 0.90
5 203 033 2681 2618 3415 034 0.6
b 30 0.65 4012 3948 R4 045 0.76
7 213 043 3065 3028 4073 043 0.61
8 260 0.60 3831 3767 4Ll 045 077
9 216 054 3365 34.88 4705 041 071

10 153 039 2895 2827 3805 033 078
266 042 30.14 2965 3655 0.39 0.70
12 2% 0.51 M4 B 48 038 077
13 1.6 04 2007 1948 U&7 031 0.83
14 phy) 0.50 M2 333 4181 041 0.83
15 410 113 5497 415 6677 062 079

—_

2. Kelly’s Index (KI)

The concentration of Na* measured against Ca2* and
Mg# is known as Kelly’s ratio, based on which
irrigation water can be rated (Kelly, 1946).

Na

As per Kelly’s ratio water are categorized into suitable,
if KR < 1, marginal, when KR 1-2 and unsuitable if KR
> 2. In the present study the Kl values varied from 0.24
to 1.18. 94 % of the groundwater samples are suitable
for irrigation with Kelly’s ratio < 1.

3. Sodium Percentage (Na%)

The sodium content in irrigation water is usually
expressed in Na%. It affects soil structure by exchange
process of sodium in water for Ca?* and Mg?* in soil,
which reduces soil permeability. To assess the
suitability of water quality for irrigation, the percentage
of sodium in water is calculated by the following
equation (Wilcox, 1955):

Na% Na +K* 100 4)
a% = =100 ... ...
°~ (Ca* + Mg**Na* + K*) (
excellent 0-20
o good 20 -40

Na%e permissible 40 - a0
doubtful 60 - 80
Unsuitable =80

The calculated values of the sodium percentage Na% in
the groundwater of the study area ranged from 20.07 %
to 54.92%. 80 % of the samples from the study area are
in the good category.

4. Soluble Sodium Percentage (SSP)
Wilcox has proposed a classification for rating irrigation
waters on the basis of Soluble Sodium Percentage
(SSP). The SSP was calculated using following formula
(Wilcox 195):

SSP = X100 ...........(5)

Ca+ Mg+ Na

The values of SSP < 50 indicate good quality of water,
and higher values >50 show that the water is unsafe for
irrigation [38]. In Table (2), 94% of groundwater
samples show SSP values <50, that indicates good
quality for irrigation.

5. Permeability Index (PI):

The Pl in a groundwater sample measures the total
concentration of Na and HCOsto the total cations.
(Doneen, 1964) classified irrigation waters into three
classes, Class | (>75 %), Class Il (25-75 %) and Class
Il (<25 %). Permeability Index is calculated by using
the following formula:

pI = Na+ K+ ,/HCO; 100 ]
_(Ca+M.g+Na+K) ( )
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The permeability index of the study area ranges from
24.87 t0 66.77%. All the samples are fall under Class Il
and indicating that the water is good for irrigation
purposes, Table (2).

Standard diagrams such as Wilcox and Gibbs diagram
were determined for the suitability of groundwater for
irrigation.

6. Wilcox diagram

The plot of analytical data on the (Wilcox, 1955)
diagram relating EC and Na% show that water samples
fall in three classes, Figure (2). About 67% of the water
samples are good to doubtful category for irrigation, and
33% fall under unsuitable for irrigation purposes.
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Figure (2): Wilcox diagram relating Sodium

Percentage (Na%) and Electrical conductivity (EC).

7. Gibbs diagram

Gibbs diagram is employed to interpret the effect of
hydro geochemical processes such as precipitation,
rock-water interaction mechanism and evaporation on
groundwater geochemistry. The reaction between
groundwater and aquifer minerals has a considerable
role in groundwater quality which is useful to assume
the genesis of water. Gibbs ratio is calculated by using
the following equations (Gibbs, 1970):

Nat +K*

GR1 =
(Ca* + Na* +K*)

(7
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cl-

GR2=—
(Cl- + HCO3)

.(8)

In the present study, Gibbs ratio GR1 values varied
from 0.31 to 0.62 and Gibbs ratio GR2 values varied
from 0.61 to 0.90 (Table 2). According to Gibbs
classification the majority of groundwater samples of
the area on the plot TDS versus GR1 & GR2 (Figure 3a,
b) are fall under evaporation dominance. Groundwater
samples of the area on the plot Figure (3b) show similar
variation with that of the cations diagram Figure (3a).
However, the samples are shifted from right to left
fields due to less CI~ contain and high concentration
+HCO3.
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Figure (3a): Gibbs, TDS ver. Gibbs ratio GR1,
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Figure (3b): Gibbs, TDS ver. Gibbs ratio GR2,
Anions

CONCLUSION

Finally, it could be concluded that the irrigation water
quality parameters indicated that the majority of the
groundwater samples in Mitrid are suitable for irrigation
purposes. The Gibbs diagram showing the
hydrogeochemical characteristics is chiefly controlled
by evaporation dominance followed by rock—water
interaction process. The Na% and the resulting Wilcox
diagram also classify the groundwater as good to
doubtful category.
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