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ABSTRACT

The quality of irrigation water available to irrigators significantly impacts crops
and yields. Therefore, there is a need to understand irrigation water quality
better. The present study mainly focuses on assessing the suitability of water in
five bore wells of the Aldabwat agriculture project in Alshatti, Libya. The well
water samples were evaluated for agricultural uses according to the universal
standard classification. Separate bore wells have been analyzed for various
water quality indices, including exchangeable sodium percent (SSP or %Na),
residual sodium carbonate (RSC or RA), Kelly’s ratio, permeability index,
potential salinity (PS), magnesium hazard, total dissolved solids, and total
hardness. Most of the wells fall under the moderate water category for irrigation
purposes. The analysed water was specified as having a low restriction
according to the water quality index (IWQ index).
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INTRODUCTION

Great efforts are being made by the Libyan state to achieve sustainable development, leading to carbon neutrality
in the Libyan economy in 2050 (Ahmed et al., 2023; Nassar et al., 2023, Awad et al., 2023). And ensure a safe and
sustainable supply of energy, food, and water to its community, a policy of local industrialization of these basic sources
of energy and decentralized self-reliance for each community was adopted, while ensuring support, especially with the
presence of a solid infrastructure of electrical power networks, water, oil & NG transportation pipelines and paved roads
that connect all regions of Libya despite the great distance that separates Libyan cities from each other. This can be
achieved by optimal use of available resources, including solar energy in the production of electrical energy (Alsharif et
al., 2023), water desalination, and in industry and agriculture purposes (Hala et al., 2024; Alatrash et al., 2024). Also the
agricultural residues can be used to produce organic fertilizer, and Methane gas GH4 which used in cooking and to heat
animal pens in the winter (Nassar et al., 2017, Nassar et al., 2018).

Fertile and productive soils are rare and limited in arid and semi-arid areas. Due to the limited freshwater
supplies in these regions, using good water quality for agricultural practices is crucial to maintain its productivity
(Salem et al., 1995; Hipkin et al., 2004; Gorji et al., 2015; Huda et al., 24). Salinity or sodicity of soils can be due to
many factors such as irrigation practices systems, precipitation, ineffective drainage system, irrigation with low quality
either groundwater or recycled water, rising of the water table (Minhasa et al., 2018; Salem et al., 2022). Soil salinity is
defined as one in which the exchangeable sodium is 15% and has the electrical conductivity of saturation extract of soil
(ECe) at 25 °C in the root zone greater than 4dS m-1 or about 40 mM NacCl (Salem and Chirgawi, 2005; Shrivastava
and Kumar, 2015). Soil salinization had defined by Kumar and Sharma (2020) as the process of raising the salt content
of the soil to a point where it affects agricultural production, environmental health, economics, and quality of life. The
mechanisms of evaporation, salt precipitation and dissolution, salt transport, and ion exchange all contribute to soil
salinization. The soils affected by salt contain significant concentrations of either soluble salts, exchangeable sodium,
or both since there has not been enough base-forming cation leaching. The major soluble mineral salts are composed of
the cation’s Nat, Ca2+, Mg2+ and K+, and the anions Cl, SO42-, HCO3, CO32- and NO3 (Salem et al., 2013).
Groundwater in arid regions is a crucial source of soil water, which indirectly influences the interaction of dissolved
salts and the transfer and redistribution of soil salts (Wang et al., 2019c). Salts can accumulate in the soil over time due
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to irrigation causing numerous problems, such as inhibition of plant growth, groundwater contamination and change in
soil characteristics; globally, about 25% of the land has been affected by high salt concentrations, altering them
unsuitable for agriculture (Bennett et al., 2009). About 50% of the irrigated agricultural areas in semi-arid and arid
regions were affected by salinity in one way or another. For example, salinity threatens the irrigated agriculture of semi-
arid and desert regions in the Mediterranean basin (Aragues et al., 2011; Salem et al., 2013).
METHOD

Site description

Wadi Alshatii district is situated in the middle of southwest Libya (Fig. 1), between 27° 52' 60" N and 12° 45'
00" E, with 52,342 km? characterized by an arid continental climate with an annual mean temperature of around 45°C in
the summer and 20°C in the winter. With an average elevation of about 423 m, about 91% of the land is desert.
Although 8.8% is agricultural land, only 1% is arable land. The location of the ALDABWAT agricultural project is
between 27° 60' 23" or 27° 36' 8" N and 12.8638° or 12° 51' 50" N. The project was built in 1985 and consisted of 40
farms.

"

Fig 1. Map of Libya with Alshatti district.
[Source: https://en.wikipedia.org/wiki/Wadi_al_Shatii_District]

Sample collection and analysis of physio-chemical parameters

Water samples were collected three times in 2022 from the five wells in prewashed polyethene bottles with
narrow mouth and rinsed three times with the same water to be sampled, using the standard method of sampling
technique as mentioned by APHA (2005). pH and EC had been analyzed in situ using a portable multi-parameter water
probe (JANEWAY 3540). TDS was measured by evaporating a pre-filtered sample to dryness. Calcium and total
hardness were determined by the volumetric titration method. There was 0.01M of ethylene diamine tetraacetic acid
(EDTA) titrated with Eriochrome Black T and Murexide indicators, respectively. Magnesium was calculated by
subtracting calcium from the total concentration of calcium and magnesium. Sodium and potassium levels have been
measured using flame photometry with a Janeway PFP7 flame photometer. Bicarbonate and carbonate concentrations
were measured titrimetrically against a hydrochloric acid solution (0.01N). The chloride content was determined by
argentometric titration using a standard silver reagent. Sulphate was measured as described by Sharma and Kaur (2016).

Assessment of water quality indices (WQI)
Water quality indices for irrigation were calculated using the equations and water quality criteria below, (El-
Amier et al., 2021).

Table 1. Indices of irrigation water quality, their values, classes, and their calculation equations.

Indices Value Class Calculation Formula
Residual Sodium Carbonate  RSC<1.25  Good RSC = (CO;™ + HCOy) — (Ca2* + Mg™)
(RSC) meq. I"* RSC=1.25- Medium
2.50

RSC >2.50 Unsuitable
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Sodium Percentage (Na%) Na% < 20 Excellent/Safe Na%
Na% = 20 - Good/Safe Nat + K*
40 = Na* + K* 1 cazr + Mger X100
Na% = 40 - Permissible/Safe
60
Na% = 60 - Doubtful/Unsafe
80
Na% > 80 Unsuitable/Unsafe
Permeability Index (P1%) Pl > 75% Suitable Na + vVHCO3
PI=25-75% Moderate = Ca+Natmg <100
Pl < 25% Unsuitable
Kelly’s Ratio (KR) Kl<1 Suitable B Na*t
Kl >1 Unsuitable KI=Car T Mg+2+
Potential Salinity (PS) PS<3.0 Excellent to good  PS = CI + %S0,
meq. I"* PS=3.0- Good to injurious
5.0
PS>5.0 Injurious to
unsatisfactory
Magnesium Hazard (MH) MH < 50% Suitable Mg?+
. MH% = ——————* 100
MH > 50% Unsuitable Ca*tt + Mg?*
Total Hardness (TH) 0-60 Soft TH = 2.5Ca?* + 4.1Mg?*
meq. I 61— 120 Moderate
121-180 Hard
> 181 Very hard
TDS (mg. I-1) <450 Best TDS=EC*f
450 — 2000 Mode In this study, f =0.640
>2000 Hazard
Irrigation Water Quality 85 -100 No Restriction
Index (IWQI) (NR) IWQI = Z qi Wi
70-85 low Restriction
(LR) = Qmax — (Xl] Xlnf) * qlamp/xamp]
55-70 Moderate
Restriction (MR)
40-55 High Restriction
(HR)
0.0-40 Severe Restriction
(SR)

RESULTS AND DISCUSSION

Physicochemical analysis

The descriptive analysis of the water quality characteristics of the wells used for the sprinkler irrigation shown in
Table 2. The pH ranged between 6.39 and 6.75 with an average of 6.52+ 0.14. These values are within the permissible
limit set by WHO (2011) for irrigation. The EC value ranged between 1.06 and 1.24 dS m™, with an average of 1.16 +
0.08. The wells showed a little variation among those properties, which we attributed to the fact that the wells had all
stemmed from the same source and area. These results are similar to those reported by Matereche (2011). The
concentration of total dissolved solids ranges between 680.96 and 775.04 mg.™ with a mean of 739+38.67.
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Table 2. Statistical summary of measured cations and anions of groundwater of the studied wells

pH EC TH Na [ K | Ca [ Mg [ ClI |SO7 |HCO; [ COs | TDS
us/cm mg. I

W1 | 6.45 1.235 | 120.6 130.13 | 85.59 | 38.13 [ 8.88 180.61 [ 17.36 | 199.58 [ N.D [ 745.94
W2 | 655 1.206 | 144.9 122.08 | 90.32 | 37.07 | 12.76 209.51 | 20.65 | 219.67 | N.D | 771.84
W3 | 6.47 1.077 | 133.8 13357 | 84.25 | 36.65 | 11.42 21544 | 17.66 | 187.64 | N.D | 725.16
W4 | 6.39 1221 | 140.1 138.17 | 78.98 | 39.28 | 10.21 159.52 | 16.81 | 164.75 | N.D | 775.04
W5 | 6.75 1.064 | 1131 135.64 | 76.64 | 34.47 | 6.65 24850 | 16.85 | 201.37 | N.D | 680.96
Min. | 6.39 1.06 | 113.10 | 122.08 | 76.64 | 34.47 | 6.65 159.52 | 16.81 | 164.75 | N.D | 680.96
Max. | 6.75 124 | 14490 | 13817 | 90.32 | 39.28 | 12.76 24850 | 20.65 | 219.67 | N.D | 775.04
Mean | 6.52 116 | 13050 | 131.92 | 83.16 | 37.12 | 9.98 202.72 | 17.87 | 19460 | N.D | 739.79
S.D | 014 0.08 | 1333 6.24 544 | 1.80 2.35 3413 | 160 | 2024 | N.D | 3867
WHO | 6.5-85 | 1.500 | 500 200 12 75 50 250 250 | 500 -

FAO | 65-85|07<3 |0-2000 | 020 |0-2 [ 0-400 | 9.4-135 | 70 575 | - - >450 - <2000

(*) Permissible limits (mg. I'") set by (Meireles et al., 2010; Simeonov et al., 2003), N. D = Not Detected. (-) = not
mentioned. W1 -WS5, irrigation wells.

Irrigation water quality indices

Groundwater had defined by many indices for its suitability for irrigation. In this study, nine indices have been
chosen, including RSC, Na%, PI, KI, PS, MH%, TH, and IWQI, to assess the quality of the water produced by these
wells for irrigating the farms of the Aldabwat agricultural project. The results indicate that the irrigation water is
classified as excellent, according to Ayers & Westcot, 1985; Wilcox, 1955.

Residual sodium carbonate (RSC)

Residual sodium carbonate (RSC) is used to assess the impact of CO; and HCO; on water quality for agricultural
uses. According to Ramesh and Elango (2012), RSC may be classified into three classes: 1.25 = safe, 1.25-2.5 =
moderate, and > 2.5 = inappropriate, with its concentration represented in meq. I-1 and computed as follows:

RSC = (CO;™ + HCO3) - (Ca™ + Mg™). The RSC of the irrigation water collected from the research wells ranged from
-0.10 to 1.0 meq. I, (table 3), which may be regarded as safe and appropriate for irrigation purposes according to

USPEA 1999.

Sodium percentage (Na%)

The groundwater with high sodium content reacts with soil and reduce its permeability as well as it had
devastating impacts on soil structure, aeration and infiltration (Hipkin et al., 199; Vasanthavigar et al., 2012; Makhzom
et al,, 2023). The soluble sodium percentage in the water of the investigated wells were 72.43%. 74.15%, 77.67%,
73.42% and 74.56%. Water with a sodium percentage content of more than 60% might cause sodium accumulation and,
as a result, the breakdown of physical soil characteristics (Fipps, 2003; Narsimha et al., 2012; Yasser et al., 2023).
From the results table 3, sodium percentage of the irrigation water is ranged between 72.43 — 77.67%. According to
classification indicated by (EI-Amier et al., 2021; Yasser et al., 2021; Salem et al,, 2022) we can conclude that the
groundwater of the studied wells is doubtful/unsafe for irrigation.

Permeability index (PI)

Irrigation with groundwater rich with minerals of calcium, magnesium, sodium, chloride and bicarbonate for
long-term can cause aeration reduction of the soil and consequentially to the obstacle of seedlings growth (Alam, 2014;
Khalid, 2019). The permeability index of the irrigation water of the wells were 87.79%. 94.57%, 86.87%, 85.58% and
88.17% (Table 3) Based on the Pl values and the classification suggested by (Doneen, 1964), this groundwater is
suitable for irrigation (Xu, et al., 2019; Salem et al., 2020) had reported that high values of PI are related to high levels
of HCO; and Na*, which may be a result of the dissolution of calcite and dolomite and high cation exchange.

Kelly’s index (KI)
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Kelly’s index, also called Kelly’s ratio (KR), has been proposed by Kelly (1940). It expresses the relationship of
sodium against calcium and magnesium (table 2). Water with KI >1 means it has a high concentration of sodium and
deemed unfit for agricultural use, whereas water with KI<1 is considered suitable for irrigation. (Sundaray et al., 2009;
Vasanthavigar et al., 2012; Salem et al., 2019; Makhzom). The KI of the irrigation water of the studied wells1.83, 2.15,
2.61, 2.03 and 2.33, from the results this water was considered unsuitable for irrigation. These results consisted to the
results obtained for Na% which exhibited high concentration of sodium of the groundwater of the studied wells.

Potential salinity (PS)

Doneen (1964) suggested that the potential salinity of the water be defined as the sum of the chloride
concentration and half of the sulfate concentration (table 2). It represents the summation of salts precipitated and
accumulated in the soil due to irrigation with low solubility salts or waters with high salt concentration for long-term
irrigation (Gholami and Srikantaswamy, 2009; Awiadat et al., 2013; Nagaraju et al., 2014; Al-Ethawi et al,, 2019).
Water samples from the had a potential salinity of 6.13, 4.68, 7.18, 5.88 and 6.27. The result indicates that the water of
the wells was injury/unsatisfactory. We attributed the high potential salinity of water from some wells to their content of
high concentrations of chloride.

Magnesium hazards (MH)

The magnesium content of irrigation water is one of the most crucial qualitative criteria in determining its quality
(Joshi et al., 2009). However, the ratio of the concentration of calcium and magnesium ensures a state of equilibrium in
the groundwater. However, water with high magnesium levels, adversely affects the soil quality, rendering it alkaline
and resulting in a decline in the crop yield (Kumar et al., 2007; Nagaraju et al., 2014; Awiadat et al., 2013). The
magnesium hazard ratio (MR) has been suggested by (Paliwal 1972; Salem et al., 2018) and calculated as shown in
table 2. MR has classified the water as MH > 50%, which indicates the water is harmful and unsuitable for irrigation.
MH < 50%, which means the water is suitable for irrigation. The MH of the groundwater samples collected were,
36.21%, 30.0%, 23.89%, 33.25% and 28.19 (table 3). The results indicate the water is suitable for irrigation.

Total hardness (TH)

The total hardness of water is a significant property to be evaluated to determine its suitability for irrigation
purposes. Water hardness had defined as the natural accumulation process of calcium, magnesium ions, and some salts
(Salem et al., 2014; Sreedevi et al., 2018; EI-Amier et al., 2021). Calcium carbonate (CaCO3), dolomite (CaMg (COs)5),
and calcium sulfate (CaSQ,) are usually the primary sources of calcium in the water (Nagaraju et al., 2014; Salem et al
2018). The total hardness has been categorized into five classes (table 1). The hardness values of the studied wells were
2.90, 2.80, 2.26, 2.11 and 2.50 (Table 3). The results indicate the groundwater samples from these wells are soft and
suitable for irrigation.

Table 3. Irrigation water quality evaluation indices for the groundwater of the study wells.

Parameter Well No. Category
(meq.I™) w1 w2 W3 W4 W5
Residual Sodium carbonate (RSC) meq. I'* | 0.70 -0.10 1.04 0.42 1.02 Good
Sodium soluble percent (Na%) 72.43% | 74.15% | 77.67% | 73.42% | 74.56% | Doubtful/unsafe
Permeability Index (PI) 87.79% | 86.87% | 94.57% | 85.58% | 88.17% | Suitable
Kelly’s Index (KI) 1.83 2.15 2.61 2.03 2.33 Unsuitable
Potential Salinity (PS) 6.13 4.68 7.18 5.88 6.27 All wells are injuries/ unsatisfactory.
Magnesium hazard (MH%) 36.21% | 30.0% 23.89% | 33.25% | 28.19% | Suitable for irrigation
Total Hardness (TH) meg. I 2.90 2.80 2.26 211 2.50 soft
TDS (mg-1) 74594 | 771.84 | 725.16 | 775.04 | 680.96 | moderate
Irrigation Water Quality Index (IWQI) 60.10 67.40 58.30 61.98 62.35 Moderate restriction.

Irrigation water quality index (IWQI)

The irrigation water quality index is a tool utilized to evaluate the suitability of water for agricultural purposes
and relies mainly on the water quality parameters that harm soil quality and crop yield. It exhibits a clear description of
the water quality because it accurately computes the wide range of complex indicators into one value (Salem et al.,
2012; Spandana et al., 2013). IWQI has been classified into five categories, as suggested by Meireles et al. (2010) in
table 1. The IWQI of the studied wells (table 3) were, 60.10, 67.40, 58.30, 61.98 and 62.35. These results indicate that
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the water quality of these wells is under the moderate restriction category and can be used to irrigate the soils with
moderate-high permeability and conduct medium salt leaching processes (Meireles et al., 2010; Awiadat and
Abuhadara, 2010; Al-Saffawi et al., 2020).

CONCLUSION
From the results obtained we can conclude that the groundwater of the studied wells of Aldabwat agriculture project in
suitable for irrigation.

REFERENCES

Ahmed M, Kaiss R A, Aisha A, Yasser F, Hala J, Mohamed K, Mohamed B, Monaem E. (2023). Carbon dioxide Life
Cycle Assessment of the energy industry sector in Libya: A case study. Int. J of Elect. Eng. and sust (IJEES).
1(3): 145-163.

Alam. F (2014). Evaluation of hydrogeochemical parameters of groundwater for suitability of domestic and irrigational
purposes: a case study from central Ganga Plain, India. Arab. J. Geosci. 7: 4121- 4131.

Alatrash, A., Elzer, R., Alkhazmi, A., (2024) Optimum Number of Glass Covers of Thermal Flat Plate Solar Collectors,
Wadi AlShatti Journal of Pure and Applied Sciences, 2(1): 1-10.

Al-Ethawi. L. A and Salem. M. A. (2019). Study of residual effect of N fertilizer (Total N) on the soil. J. Phys.: Conf.
Ser. 1294 072001. doi:10.1088/1742-6596/1294/7/072001.

Al-Saffawi, A. y. T., Ibn Abubakar, B. S. U., Abbass, L. y and Monguno. A. K (2020). Assessment of groundwater
quality for irrigation using water quality index (IWQ index) in AL-Kasik subdistrict northwestern, Irag. Nigerian
Journal of Technology (NIJOTECH). 39(2): 632 - 638.

Alsharif, A., Ahmed, A., Yasser, F., E.Alhoudier, T., Esmail, S. (2023). Mitigation of Dust Impact on Solar Photovoltaics
Performance Considering Libyan Climate Zone: A Review, Wadi AlShatti University Journal for Pure and
Applied Science, 1(1):22-27._https://www.waujpas.com/index.php/journal/article/view/7/6

APHA (2005). American Public Health Association. Standard methods for the examination of water and waste water,
19th end. Washington, D.C.

Aragues, R., Urdanoz, V., Cetin, M., Kirda, C., Daghari, H., Ltifi, W., Lahlou, M and Douaik, A. (2011). Soil salinity
related to physical soil characteristics and irrigation management in four Mediterranean irrigation districts. Agric.
Water Manage. 98: 959 — 966.

Ayers, R, S and Westcot, D, W (1985). Water quality for agriculture. Irrigation and drainage paper 29 (rev.1). FAO,
Rome, Italy.

Awad H, Elzer R, Mangir |, EI-Khozondar H. (2023) Energy, economic and environmental feasibility of energy
recovery from wastewater treatment plants in mountainous areas: a case study of Gharyan city —Libya, Acta
Innovations, 50(4): 46-56. https://doi.org/10.32933/Actalnnovations.50.5

Awiadat, M. and Abuhadara, N. (2010). An investigation of the occurrence of 3-Nitroprpoionic acid in some
Leguminousae plants in the south east of Libya. Sebha University Journal. 1(1): 55 - 60.

Awiadat, M and Al-Ethawi, L. (2013). Evaluation of Salinity in Some Soils of Irrigated Brack-Ashkada Agriculture
Project, Fezzan, Libya. Journal of Agriculture and Veterinary Science. 2 (1): 05 - 09.

Awiadat, M, and Chergawi, M. I. (2013). Physico-chemical Evaluation of Drinking Water Quality in Alshati District of
Libya. Journal of Environmental Sciences, Toxicology and Food Technology. 4(1): 46-51.

Bennett, S. J., Barrett-Lennard, E. G and Colmer, T.D (2009). Salinity and waterlogging as constraints to saltland
pasture production: A review. Agric. Ecosys. Environ. 129: 349 —360.

Doneen LD (1964). Notes on water quality in Agriculture. Published as a Water Science and Engineering Paper 4001,
Department of Water Sciences and Engineering, University of California.

El-Amier YA, Kotb WK, Bonanomi G, Fakhry H, Marraiki NA and Abd-ElGawad AM. Hydrochemical Assessment of
the Irrigation Water Quality of the EI-Salam Canal, Egypt. Water. 2021;13, 2428. Doi.org/10.3390/w13172428.

El-Amier. Y. A., Kotb. W. K., Bonanomi. G, Fakhry. H., Marraiki. N. A and Abd-ElGawad. A. M (2021).
Hydrochemical Assessment of the Irrigation Water Quality of the El-Salam Canal, Egypt. Water. 13, 2428.
https://doi.org/10.3390/w13172428.

Fipps, G. (2003). Irrigation Water Quality Standards and Salinity = Management  Strategies.
https://hdl.handle.net/1969.1/87829.

Gholami. S and Srikantaswamy. S (2009). Analysis of Agricultural Impact on the Cauvery River Water Around KRS

This is an Creative Commons License This work is licensed under a Creative
BY NG Commons Attribution-NonCommercial 4.0 International License. 6



https://doi.org/10.62671/jataed.v1i2.22
https://ijees.org/index.php/ijees/article/view/58
https://ijees.org/index.php/ijees/article/view/58
https://link.springer.com/article/10.1007/s12517-013-1055-6#auth-Fakhre-Alam
https://link.springer.com/journal/12517
https://doi.org/10.3390/w13172428
https://doi.org/10.3390/w13172428
https://hdl.handle.net/1969.1/87829

#/IATAED TR

rnal of Appropriate Technology for Agriculture, Environment, and Development

Volume 1, Number 2, April 2024
A https://doi.org/10.62671/jataed.v1i2.22

Dam. World Appl. Sci. J. 6(8):1157-1169.

Gorji, T., Tanik, A and Sertel, F (2015). Soil salinity prediction, monitoring and mapping using modern technologies.
Earth and planetary sciences. 15: 507 — 512.

Hala, J., Ahmed, A., Alsharif, A., Khaleel, M. and Rifa J. (2024). A new design for a built-in hybrid energy system,
parabolic dish solar concentrator and bioenergy (PDSC/BG): A case study — Libya, Journal of Cleaner
Production, 44(2):140944. https://doi.org/10.1016/j.jclepro.2024.140944

Hipkin, C. R., Salem, M. A., Simpson, D. and Wainwright, S.J. (1999). 3-nitroprionic acid oxidase from horseshoe
Vetch (Hippocrepis Comosa): a novel plant enzyme. Biochemical Journal. 430: 491-495.

Hipkin, C. R., Simpson, D. J., Wainwright, S. J and Salem, M. A. (2004). Nitrification in plants that also fix nitrogen.
Nature. 430: 98-101.

Huda. H. Nakaa, Samera. M. Alwaleed, Masauda. M. Alshatory, Aisha A. Alshanokey, Mansour A. Salem. (2024).
Assessment of the concentration of some heavy metals and their risk index to the health of the population in
some vegetables produced in Brack region, Libya. Journal of Misurata Uni. for agricultural sciences. 4(2): 338-
362.

Kaur. T., Bhardwaj. R and Arora. S (2016). Assessment of groundwater quality for drinking and irrigation purposes
using hydrochemical studies in Malwa region, southwestern part of Punjab, India. Appl. Water Sci. DOI
10.1007/s13201-016-0476-2.

Kelly, W (1940). Permissible composition and concentration of irrigated water. In proceeding of the American Society
of civil engineers. Reston, VA, USA. 66:607 - 613.

Khalid, S. (2019). An assessment of groundwater quality for irrigation and drinking purposes around brick kilns in three
districts of Balochistan province, Pakistan, through water quality index and multivariate statistical approaches. J.
Geochem. Explor. 197: 14 — 26.

Kumar, M., Kumari, K., Ramanathan. AL and Saxena. R (2007). A comparative evaluation of groundwater suitability
for irrigation and drinking purposes in two intensively cultivated districts of Punjab, India. Environ. Geol.
53:553-574. DOI 10.1007/s00254-007-0672-3.

Kumar. P and Sharma, P, K (2020). Soil Salinity and Food Security in India. Soil Salinity and Food Security. 4|Article
533781. Doi.org/10.3389/fsufs.2020.533781.

Mansour A. Salem., Ali. A. alzarga., Afia S. Alnash., Omar M. Sharifi, Yasser F. Nassar (2022). Evaluation of the
environmental impacts resulting from the spread of various industrial activities and fuel stations in the
northwestern region of the coast extending from Tajourain in the east to Maya in the west and south to Qasr Bin-
Ghashir and Al-Azeziya. J OF Pure & Appl. Sci. 2(1): 62 - 71. Sebha Un. Libya.
DOI.10.51984/JOPAS.VV2111.1762.

Mansour. A. Salem. M. A., Bedade. D. K., Al-Ethawi. L and Al-waleed. S. M. (2020). Assessment of physiochemical
properties and concentration of heavy metals in agricultural soils fertilized with chemical fertilizers. Heliyon.
6(10). (2020) e05224.

Materechera. S. A. (2011). Soil salinity in irrigated fields used for urban agriculture under a semi-arid environment of
South Africa. African Journal of Agricultural Research. 6(16): 3747-3754.

Meireles, A., Andrade, E. M., Chaves, L., Frischkorn, H and Crisostomo, L. A. (2010). A new proposal of the
classification of irrigation water. Revista Ciencia Agronomica, 413: 349 — 357.

Minhasa, P, S., Qadir, M and Yadav, R, K (2018). Groundwater irrigation induced soil sodification and response
options. Agric. Water Manag. 215: 74-85.

Nagaraju. A., Sumil kumar. K and Thejaswi. A (2014). Assessment of groundwater quality for irrigation: a case study
from Bandalamottu lead mining area, Guntar district. Andhra Pradesh, south India. Appl. Water Sci. 4:385-396.

Narsimha, A., Sudarshan, V., Srinivasulu, P., Vishnu, B., Ramana Kumar, M and Niranjan Kumar, S (2012).
Groundwater Quality and its Suitability for Drinking and Agricultural Purpose around Chityal Area, Nalgonda
District, Andhra Pradesh, India. Water Research & Development. 2(3): 68-75.

Nassar Y, Aissa K and Alsadi S. (2018) Air Pollution Sources in Libya. Research & Reviews: Journal of Ecology and
Environmental Sciences, 6(1): 63-79. http://www.rroij.com/open-access/air-pollution-sources-in-
libya.php?aid=86543.

Nassar Y, Aissa K, Alsadi S. (2017) Estimation of Environmental Damage Costs from CO,e Emissions in Libya and the
Revenue from Carbon Tax Implementation, Low Carbon Economic, 8, pp. 118-132.
http://m.scirp.org/papers/81307

Nassar Y, Mangir |, Hafez A, Awad H. (2023). Feasibility of innovative topography-based hybrid renewable electrical

This is an Creative Commons License This work is licensed under a Creative
BY NG Commons Attribution-NonCommercial 4.0 International License. 7



https://doi.org/10.62671/jataed.v1i2.22
https://doi.org/10.1016/j.jclepro.2024.140944
https://doi.org/10.3389/fsufs.2020.533781
https://www.sciencedirect.com/journal/agricultural-water-management/vol/215/suppl/C

#/IATAED soir-osns U G

rnal of Appropriate Technology for Agriculture, Environment, and Development

Nt Volume 1, Number 2, April 2024
A https://doi.org/10.62671/jataed.v1i2.22

power system: A case study. Cleaner Engineering and  Technology,  14(5):14100650.
https://doi.org/10.1016/j.clet.2023.100650.

Paliwal KV (1972). Irrigation with saline water. In: Monogram no. 2 (new series). IARI, New Delhi, pp 198.

Ramesh. K and Elango. L (2012). Groundwater quality and its suitability for domestic and agricultural use in Tondiar
river basin, Tamil Nadu, India. Environ. Monit. Assess. 184:3887 — 3899. DOI 10.1007/s10661-011-2231-3.

Salem, M, Al-Ethawi, L, H., Eldrazi, Z, S. M and Noralldien, A, I. (2014). A Case Study of the Total and Available
Phosphorus Concentration in Libyan Agricultural Soils in Different Depths and Seasons in Long-term Chemical
and Animal Manure Fertilization. International Journal of Research Studies in Biosciences (IJRSB). 2(2): 1-9.

Salem, M. A and Noralldien, A. 1. (2018). Concentration of Cadmium, Lead and Chrome in Some Vegetables Amended
with Phosphate and Urea Fertilizers for More Than Forty Years. CPQ Microbiology, 1(2), 01-14.

Salem, M. A., Michael. J. W., Wainwright, S.J and Hipkin, C. R (1995). Nitroaliphatic compounds in Hippocrepis
Comosa and other Legumes in the EUROPEAN FLORA. Phytochemistry. 40(1): 89-91.

Salem, M.A and Chirgawi, M. B (2005). Deterioration of drinking water quality in Sebha city, south of Libya.
Proceedings of the first international conference on environmentally sustainable development v. 1-3.

Salem. M. A and Al-Ethawi, L. H. (2013). A Study of the Presence of Residual of Nitrogenous Fertilizer Nitrate (NO3)
in Some Soils of Brack - Ashkada Agriculture Project. Journal of life sciences and technology. 1 (1): 84 — 88.

Salem. M. A and Alwalayed. S. M. (2019). Assessment of physiochemical properties and concentration of some heavy
metals at different seasons in agricultural soils fertilized with phosphate and urea for long-time at BRCK
agricultural project. Libya. J. of Sci. Misrata. Uni. (3):259-274. special issue.

Salem. M. A. (2012). NMR Spectrum of 3NPA Extracted from Four Leguminous Plants. Chemistry Journal. 2(6): 210 —
213.

Salem. M. A., Noralldien. A. | and Alnakah. H. H. (2018). Evaluation of concentration of some heavy metals in some
vegetables grown in Alshati agriculture project. J. Pure & Appl. Sciences.

Sharma. Y and Kaur. K (2016). Determination of Nitrates and Sulphates in Water of Barnala (Punjab, India) Region and
Their Harmful Effects on Human Lives. International Journal of Advanced Research in Education & Technology
(IJARET). 3(3): 79— 82.

Sharif, O, A., Alshofeir, A, A and Assad, M, E, H (2022). An evaluation of drinking water quality in five wells in Sebha
city, Libya, using a water quality index and multivariate analysis. Arabian Journal of Geosciences 15 (18), 1-11.

Shrivastava, P and Kumar, R (2015). Soil salinity: A serious environmental issue and plant growth promoting bacteria
as one of the tools for its alleviation. Saudi J of Biological Sciences. 22(2): 123-131).

Simeonov V, Stratis JA, Samara C, Zachariadis G, Voutsa D, Anthemidis A, Sofoniou M and Kouimtzis T. Assessment
of the surface water quality in Northern Greece. Water Res 2003; 37:4119 — 4124,

Spandana, M. P., Suresh, K. R and Prathima, B (2013). Developing an Irrigation Water Quality Index for Vrishabavathi
Command Area. Inter. J. of Eng. Res. and tech. 2(6):821- 830.

Sreedevi, P. D., Sreekanth, P. D., Shakeel Ahmed, S and Reddy, D. V (2018). Evaluation of groundwater quality
for irrigation  inasemi-arid region of South India. Sustainable Water Resources Management
https://doi.org/10.1007/s40899-018-0279-8.

Sundaray. S, K., Nayak B, B and Bhatta, D (2009). Environmental studies on river water quality with reference to
suitability for agricultural purposes: Mahanadi river estuarine system, India - a case study. Environ Monitor
Assess 155:227-243. doi:10.1007/s10661-008-0431-2.

USEPEA. (1999). National primary drinking water regulations, Available at http:/WWW.epa.gov/OGWD/hfacts. Html.

Vasanthavigar. M., Srinivasamoorthy, K., Rajiv Ganthi, R., Vijayaraghavan, K and Sarma, V. S (2012). Characterisation
and quality assessment of groundwater with a special emphasis on irrigation utility: Thirumanimuttar sub-basin,
Tamil Nadu, India. Arab J Geosci. 5:245 - 258.

Wang, Z., Wang, T and Zhang, Y. (2019c) Interplays between state and flux hydrological variables across vadose zones:
a numerical investigation. Water. 11 (6): 1295.

WHO. (2001). Guidelines for Drinking Water Quality, 4th ed.; World Health Organization: Geneva, Switzerland, Vol.
38, pp.104 -108.

Wilcox, L.V. (1955) Classification and uses of irrigation waters. US Dept. Agric. Circular no. 969, Washington, DC.,
USA.

Xu, P.; Feng, W.; Qian, H.; Zhang, Q. (2019). Hydrogeochemical characterization and irrigation quality assessment of
shallow groundwater in the Central-Western Guanzhong Basin, China. Int. J. Environ. Res. Public Health.

This is an Creative Commons License This work is licensed under a Creative
BY NG Commons Attribution-NonCommercial 4.0 International License. 8


https://doi.org/10.62671/jataed.v1i2.22
https://doi.org/10.1016/j.clet.2023.100650
https://scholar.google.com/citations?view_op=view_citation&hl=ar&user=5oK-TYoAAAAJ&citation_for_view=5oK-TYoAAAAJ:4TOpqqG69KYC
https://scholar.google.com/citations?view_op=view_citation&hl=ar&user=5oK-TYoAAAAJ&citation_for_view=5oK-TYoAAAAJ:4TOpqqG69KYC
https://www.sciencedirect.com/journal/saudi-journal-of-biological-sciences
https://www.sciencedirect.com/journal/saudi-journal-of-biological-sciences/vol/22/issue/2
https://doi.org/10.1007/s40899-018-0279-8

JATAED s631.0905 |

nal of Appropriate Technology for Agriculture, Environment, and Development

£ Volume 1, Number 2, April 2024
https://doi.org/10.62671/jataed.v1i2.22

16:1492.

Yasser N., Ibrahim M., Ahmad H., Hala E., Mansour S., Hilmy A. (2023). Feasibility of innovative topography-based
hybrid renewable electrical power system: A case study. Cleaner Engineering and Technology. 11. 100650.
Doi.org/10.1016/j.clet.2023.100650.

This is an Creative Commons License This work is licensed under a Creative
BY NC Commons Attribution-NonCommercial 4.0 International License. 9


https://doi.org/10.62671/jataed.v1i2.22

