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ATER sources can be exposed to contamination risks from agricultural, domestic and

industrial activities. The appropriateness of water for agricultural irrigation can be known by
determination of some physico-chemical parameters. Present study aims to assessment water quality
of some fresh and drainage water sources in Kafr EI-Sheik, El-Qalyubia and EIl-Fayoum
Governorates, Egypt for use in irrigation of agricultural concurring to FAO guidelines for irrigation
and drainage water. This was performed during summer 2023 and winter 2023/2024. Data revealed
that pH of water sources was within the permissible limit (6.5 - 8.5). Salinity and sodicity values
varied from 0.226 to 0.672 dS m™ and 3.78 to 20.53 % for fresh water and from 0.26 to 3.04 dS m™
and 2.67 to 21.51% for drainage water, respectively. Corresponding to USDA diagram (1954), the
investigated samples are in class C;S; to C,S,. Nitrate (NO;) and ammonia (NH,") concentration
exceed the critical limits FAO (1985). In most samples, nitrogen (N) is outside the recommended
limits values, but phosphor (P) and potassium (K) are in permissible limits for irrigation water.
Biological oxygen demand, chemical oxygen demand and heavy metals concentrations in most
samples were blow the allowable FAO irrigation limits and Egyptian water quality standards.
Adjusted sodium adsorption ratios (adj.SAR) in most of samples were above 9. According to USDA
(1954), the soluble sodium percent (SSP) over maximum limits (60%) in most water samples.
Permeability index (PI), Residual Sodium Carbonate (RSC) and Magnesium Adsorption Ratio
(MAR) values in most samples > 75%, < 1.25 mmolc L™ and < 50 %, i.e. no permeability, good and
safe for irrigation, respectively. Potential salinity (PS) varied from classified as good, moderate and
unsuitable. Kelly Ratio (KR), for all water sources were above the acceptable limit of 1.0 except End
Bilibies drain (D6) and Middle Bilibies drain (D5) values are below the acceptable limit. These
findings support the idea that drainage water in the study locations shouldn't be utilized for farming
before being treated to prevent soil, agricultural, food security, and health protection from
deteriorating.

Key word: Water quality, Drainage water, Freshwater, Suitability index, Heavy metals.
1. Introduction

One of Egypt's most dangerous threats is water contamination which the main stream, canals, and drains of the
Nile River have become more polluted in recent years due to industrial development, population growth, a
number of new irrigated agriculture projects, and other activities along the Nile (Al-Afify and Aly 2019).
Unregulated wastewater discharges have a negative impact on the aquatic ecosystem and environment, as well as
the health of the flora and fauna (Oyekanmi et al., 2021; Amer and Mohamed, 2022). Soliman et al., (2024)
reported that the occurrence of the heavy metals in the wastewater samples can case possible environmental and
health risks, so, wastewater treatment and management strategies is value of active to lessen their influence on
ecosystems and human health when used for irrigation uses. High levels of heavy metals in water can spread to
plants, animals, and even people, causing a variety of health issues such immune system dysfunction, cancer, and
neurological damage (EIGhannam et al., 2019; Lian et al., 2020; Nour et al., 2022). Before releasing these
metals into the environment, wastewater must be cleaned of them in order to create a healthy ecosystem
(Adeleke et al., 2017 and Amer and Mohamed, 2022).

Water quality is defined by the physical, chemical, and biological characteristics of the water that affect its
acceptability for a given use. Additionally, it is a reliable determinant for agricultural yield (Mukiza et al., 2021;
Kijne, 2003). Completely like any other source of water, drainage water within certain superiority parameters is
constantly suitable for some purposes. Drainage water outside these limits must be treated before usage (Al-
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humairia and Rahal 2023). Irrigation water quality had an operative influence on the physical and chemical
properties of the soil (Saffan et al., 2024). Water quality monitoring is an important exercise, aids in determining
the water quality trends, ordering pollution control effort, assessing the extent and nature of pollution as well as
efficiency of pollution control measures, specifics in case of little water quality (drainage water reused in
agriculture and blending freshwater with agriculture drainage wastewater according to Sultana and Kala,
(2012) and Al-Afify and Aly (2019). Water sources should be regularly reassessed by taking into account a
number of water properties, such as sodicity and salinity hazards (Abbas et al., 2020), magnesium hazards,
chloride content (Abdelhafez et al., 2021), pH (Hegazi et al., 2019 and Abosena et al., 2021), BOD and COD
(Farid et al., 2019 and Abosena et al., 2021), and their toxic element contents (Bassouny et al., 2020 and
Abosena et al., 2021) in order to ensure that they are safe for use in domestic, industrial, agricultural, and
agricultural settings as well as for food production and ecosystem health (Nabwi et al., 2018; Sheta and Fayed.,
2021; Abosena et al. 2022).

In the Kafr El Sheikh Governorate, the Meet Yized, El-Bahr El-Saidy, and EI-Manaifa canals serve as freshwater
resources, while the Gharbia, Nashart, and Drain No. 1 drains serve as drainage water resources. The Middle
Delta's largest drainage system is the Gharbia drain. According to Khalifa and Mossa (2017) and El-Amier et
al. (2023), its main purpose was to gather and move water from surface and subsurface drains in agricultural
settings (75%), industrial wastewater (23%), and urban wastewater (2%). According to Abosena et al. (2021),
the chemical properties of the EL-Gharbia main drain water samples that were analyzed were appropriate for use
in agriculture (irrigation). However, biologically speaking, the waters are unsuitable for agricultural usage. The
EL-Gharbia main drain's overall mean content of micronutrients (Fe, Mn, Zn, Cu, and B) and heavy metals (Cd,
Co, Cr, Ni, and Pb) exceeded the permissible limit in both study seasons; however, the pollution grade was
higher during the summer (Abuzaid and Jahin. 2021; Abd El-Razik et al. 2023). Nashart drain water's BOD,
COD, TSS, TDS, NOs, NH,4, TP, pH, and salinity did not meet the requirements for direct drainage water reuse
in the study area for irrigation, according to Allam and Negm (2013). According to the findings, reusing
drainage water could preserve freshwater and boost farmer revenue. In EI-Manaifa canal, the concentration of
common metals does not reach the rate that could cause problems to plant and soil (El-Ganzori et al., 2000).
However, BOD and COD concentrations in the monitored canal do not comply with the national standards.
Rayah EL-Tawfiki, Ismailia Canal and Qalyubia Canal are the main Nile River branches for fresh water in
Qalyubia Governrate (South eastern Delta), Egypt. They are represents the lifeblood of numerous millions of
people as it transferences freshwater to several drinking water purifying stations and agricultural fields. Their
water qualities are subject to various sources of contamination. Amer and Mohamed (2022) observed that the
physicochemical parameters of Ismailia canal were inside the acceptable FAO irrigation limits, except the
potassium (K") concentrations were over the permitted irrigation limits. Bilbies drain, in El-Qalyubia
Governorate, is the one of Eastern Delta starting from Qaha and El-Khanka towards Mediterranean Sea.
According to the findings of Abdel-Fattah and Helmy (2015), the EI-Qalyubia and Bilbies drains are classified
as normal water with non-sodic (C1S0) and can be used for irrigation of most crops on most soils, with the
exception of those that are sensitive to salt and those that have very heavy textures and impeded drainage. The
wastewater from Bilbies, Bahr El-Bagar, and El Qalyubia drains is deemed to have mild to moderate salinity
(Abd EI-Al et al., 2022; Mahmoud 2022). As a result, special management for salinity control may be required,
and plants with high tolerance should be chosen together with proper drainage. While El-Bates, El-Gatea Al-
Sharky, and Abd EI-Azim drains are the primary sources of drinking and irrigation water, Bahr Yusuf, Hassan
Wasif, and Bahr El-Zidia are among the most important branches of the River Nile in the EI-Fayuom region. The
concentrations of the main water quality parameters in Bahr Yusuf are typically low and are below the
recommended ranges for agricultural and drinking use (Al-Afify and Aly, 2019). Ghieth et al. (2019)
demonstrated that heavy elements were below the allowable limits at all locations in the El-Bats, Bahr Wahby,
and El-Gharaq drains in the Fayoum Governorate; however, crops that can withstand salinity could be grown in
all locations with high salinity and medium sodicity water hazards.

The current study aims to evaluate the water quality of certain freshwater and drainage resources in the El-
Fayoum and Delta (Kafr EI-Sheikh and Qalyubia) regions . To achieve this work, eighteen monitoring sites (F1
through F9 fresh water and D1 to D9 drains water) were selected for water sampling. In summer 2023 and winter
2023/2024, water samples from these sites were taken, examined, evaluated, and compared to FAO, (1985)
guidelines and Egyptian standards of irrigation water quality for reusing in agriculture and to refect the WQI.
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2. Materials and Methods

2.1 Sampling collection

Fresh and drainage water samples (eighteen, 18) were collected using GPS device (eTrex series, Garmin,
Romsey, UK) including nine samples (tiplicate) of each water from Kafr El-Sheikh, El-Qalyubia and El-
Fayoum Governorates, Egypt between 29.20343 to 31.423194 N latitude and 30.49 06 to 31.60316 E longitude
(Table 1). About 20 cm below the water surface by Nansen bottle water samples were taken during summer 2023
and winter 2023/2024 and poured into polyethylene containers (2 Liter). Water samples were collected from
Meet Yazeed (F1), EI-Manaifa (F2), ElI-Bahr El-Saidy (F3), Rayah EL-Tawfiki (F4), Ismailia Canal (F5),
Qalyubia Canal (F6), Bahr Yousef (F7), Bahr Hasan Wasef (F8) and Bahr El-Zidia (F9) as freshwater sources
and Gharbia main drain (D1), Nashart drain (D2), Drain No. 11 (D3), Beginning Bilbies (D4), middle Bilbies
(D5), End Bilbies (D6), El-Bates (D7), El-Qatea El-Shargy (D8) and Abd EI-Azim (D9) drains as drainage water
sources in Kafr El-Sheikh, Qalyubia and El-Fayoum region, respectively. Water samples were brought into the
laboratory in ice tanks and kept at 4° C until they were analyzed. To evaluate freshwater and drainage sources'
water quality for use in agricultural irrigation. Certain locations are exposed to both direct and indirect discharge
of agricultural drainage and industrial effluent.

Table 1. The studied fresh and drainage water sources locations.

Governorate Water sources Latitude Longitude
Freshwater sources

Meet Yazeed (F1) 31.124066 30.954514
Kafr El-Sheikh El-Manaifa (F2) 31.137094 30.799576
El-Bahr El-Saidy (F3) 31.26931 30.686212

RayahEL-Tawfiki (F4) 30.60912 31.27609

El-Qalyubia Ismailia Canal (F5) 30.38451 3151319
Qalyubia Canal (F6) 30.2561 31.14002

Bahr Yousef (F7) 29.20348 30.97115

El- Fayoum Bahr Hasan Wasef (F8) 29.20343 30.96955
Bahr El-Zidia (F9) 29.45715 30.71229

Drainage water sources

Kafr El-Sheikh Gharbia drain (D1) 31.423194 31.176532
Nashart drain (D2) 31.301548 30.791317
Drain No. I1 (D3) 31.353467 30.536909

El-Qalyubia Beginning Bilbies drain (D4) 30.16439 31.37988
Middle Bilibies drain (D5) 30.36299 31.46102

End Bilibies drain (D6) 30.56029 31.60316

El- Fayoum El-Bates drain (D7) 29.2955 30.5141
El-Qatea EIl-Shargy drain (D8) 29.2856 30.49 06

Abd El-Azim drain (D9) 29.49336 30.8555

2.2 Physical and chemical analysis

In plastic bottles samples were stored and filtrated using filter paper No.1 then analyzed immediately after
arrival to the laboratory for EC and pH were determined as described by (Rowell, 1995). Anions and cations
were determined according to procedures of ICARDA, (2013). Clesceri et al. (2005) evaluated the soluble levels
of Zn, Cu, Ni, Cd, and Pb. Inductively coupled plasma was used to identify the water-soluble components (ICP-
JYULTIMA). The five-day incubation method was used to measure the biological oxygen demand (BOD). The
potassium dichromate method was used to determine the chemical oxygen demand (COD) (APHA, 2005). The
Kjeldahl method was used to measure the levels of nitrogen, ammonia, and nitrate in water samples (Cottenie et
al., 1982).

Assessment water quality

The Food and Agriculture Organisation (FAO, 1985) and Egyptian regulations (Law 48/1982) provide
guidelines and criteria for irrigation water quality that can be reused in agriculture (Table 2).
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Table 2. Food and Agriculture Organization (FAO, 1985) guidelines and Egyptian standards of irrigation water
quality for reusing in agriculture.

pH ECy, SAR | AdjSAR | NO; | NH, |[P|K go COD |Pb |[Ni [Cd |Cu |2zn
dsm?t |- - mg L?
According to FAO*
6585 [<07 [15 [<6.0 |<5 [10 [2[20]20 [40 [5 Jo2 [o0o01]02 [2
According to Egyptian standards
7085 [<I | IE [<45 [<s50 J1] J30 [s50 Jo Joz2Joos[1 2

* Degree of problem “No Problem”

Evaluate the water quality and suitability for irrigation; the most frequently computed irrigation criteria were the soluble
sodium percentage (SSP), magnesium adsorption ratio (MAR), permeability index (PI), residual sodium carbonate (RSC),
sodium adsorption ratio (SAR), adjusted sodium adsorption ratio (adj.SAR), potential salinity (PS), and Kelly ratio (KR).
Additionally, graphical representations such as those from the United States Salinity Laboratory (USSL) were used to clarify
the analysis results.

Sodium adsorption ratio (SAR) is a measure of the sodicity of the water.
SAR = Na'/ ([Ca*" + Mg**]/2)"? (Richards, 1954).

Adjusted sodium adsorption ratio (adj.SAR)

adj.SAR = Na' / ([Ca®* + Mg?"]/2)? (1+ (8.4-pHc)) (USDA, 1954).

Adjusted SAR classes are No problem (< 6.0), increasing problem (6-9) and severe problem (> 9.0) (FAO,
1985).

Soluble Sodium Percentage (SSP)

SSP= Na %=( Na'* + K'*) / (Na'* +Ca®* +Mg** +K**) x100 Ayres and Westcot, (1994).

Water less than 60 SSP is safe with modest sodium accumulations that will cause a breakdown of the soil’s
physical properties (Fipps, 1998).

Permeability index (P1 %)

Pl %=( Na"*+VHCO5') / (Ca?* +Mg**+Na'*) x100 Doneen (1964).

The PI categorization is: excellent (>75%), good (25-75 %) and unsuitable (< 25 %) (Al-Amry, 2008).

Residual sodium carbonate (RSC)
RSC = (CO5* + HCOZY) - (Ca** + Mg?")  Richards (1954) and Adimalla&Venkatayogi (2018).
RSC classes are good (< 1.25), medium (1.25-2.25) and unsuitable (> 2.5) (Murtaza et al., 2021).

Magnesium adsorption ratio (MAR)
MAR= Mg?* / (Ca?* + Mg?*) x100 Ravikumar et al. (2011).
MAR organization is: (< 50) suitable and (>50) unsuitable (Zhang et al., 2021).

Potential salinity (PS)

PS=CI¥ +1/250,% Doneen (1964) and Ravikumar et al. (2011).

The PS ordering is: < 3, 3-15 and >15, for soils of good, moderate and not recommended, respectively (Delgado
et al. (2010).

Kelly ratio KR

Kl=Na'* / (Ca*+Mg*) (Shil et al., 2019).

A Kl (>1) indicates an excess level of sodium in waters (Kelly, 1940). Therefore, waters with a KI (< 1) is
suitable for irrigation, while those with (>1) are unsuitable (Shah et al., 2019).

1. Results

3.1 Water pH

Data indicated that, the water sources were slightly alkaline. Table (3) shows that mean annual of pH values
varied from 6.41 (F9) to 8.10 (F2) for fresh water sources, while, in drainage water sources varied from 6.52
(D7) to 8.08 (D4). The pH of water samples were within the range of the allowable limits (6.5 — 8.5), revealing
its appropriateness for irrigation.
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3.2 Salinity (EC)

In the study areas, the annual average EC were varied from of 0.226 dS/m (F9) to 0.672 dS/m (F6) for fresh
water and 0.26 dS/m (D5) to 3.04 dS/m (D8) for drainage water (Table 3). For the freshwater sources salinity
were low the permissible limits, while drainage water sources exceeded the permissible limits except (D3), (D4)
and (D5) were in the permissible limits.

Table 3. Mean annual of pH and EC for fresh and drainage water sources.

Governorate Water sources pH EC
Fresh water sources
F1 7.51+0.07 0.278+ 0.004
Kafr El-Sheikh F2 8.10+ 0.065 0.254+0.005
F3 7.57+ 0.055 0.35+ 0.010
F4 7.75+ 0.071 0.243+ 0.003
El-Qalyubia F5 7.93% 0.070 0.281+ 0.003
F6 7.55+0.071 0.672+0.010
F7 6.93+ 0.065 0.36+ 0.001
El- Fayoum F8 6.64+ 0.065 0.353+0.003
F9 6.41+ 0.065 0.226+ 0.025
Drainage water sources

D1 8.01+ 0.067 0.85+ 0.030
Kafr El-Sheikh D2 7.00+ 0.068 0.88+ 0.025
D3 7.02+ 0.065 0.72+ 0.015
D4 8.08 +0.066 0.38+0.010
El-Qalyubia D5 8.03+ 0.071 0.26+ 0.021
D6 7.56+ 0.065 1.02+ 0.050
D7 6.52+ 0.061 2.00+ 0.050
El- Fayoum D8 6.65+ 0.068 3.04+0.015
D9 6.76+ 0.067 2.82+0.010
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Fig. 1. The relation between SAR and salinity of water in the studied locations.

3.3 Nitrate and ammonia

In fresh and drainage water sources, the mean annual nitrate concentrations of samples taken from the
Governorates under study ranged from 49.98 to 78.54 mg I and 54.74 to 85.68 mg I, respectively (Table 4).
All fresh and drainage water sources in every Governorate have nitrate nitrogen concentrations that are higher
than the standards limits for irrigation water quality for reusing in agriculture (10 mg I"*). There were minor
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geographical variations in the ammonia concentrations. In fresh and drainage water sources, the range of NH,;-N
was 27.37 to 32.13 mg I and 24.99 to 33.32 mg I, respectively. Both fresh and drainage water sources have
NH,-N levels beyond the permissible limits (less than 10 mg I™*) for irrigation.

3.4 Nutrients (N, P and K)

The maximum values of measured mean annual total nitrogen (N) in fresh and drainage water sources are 109.48
mg I (F4) and 117.8 mg I (D6), respectively. While the minimal (N) in fresh and drainage water sources were
measured 77.35 mg I (F3) and 84.49 mg I"* (D3), respectively. In comparison with maximum standards the
concentrations of nitrogen is outside the limits for irrigation water (Table 4).

Mean annual Phosphorus were found to be in the ranges of 0.96 to 3.02 and 1.31 to 4.24 mg |* for fresh and
drainage water sources, respectively. According FAO guidelines phosphate-phosphorus (2 mg I?) is in
permissible limits in (D2), (D3) and (D9) as drainage water and all fresh water except (F8) and (F9). Mean
annual potassium varied from 3.90 to 27.69 mg I"* and from 8.81 to 26.21 mg I"* in fresh and drainage water
sources respectively. Based on maximum limit for potassium (20 mg I™*) all water samples in permissible limits
except (F1) in fresh water and (D6) at drainage water (Table 4).

Table 4. Mean annual of ammonia, nitrate, nitrogen, phosphors and potassium values (mg %) fresh and
drainage water sources.

Governorate  Water sources NH, NO; N P K

Fresh water sources

F1 27.37+1.2 58.31+2.6 85.68+45 0.96x0.35 27.69+1.50
Kafr El-Sheikh F2 28.56+1.4 57.12#25 85.68+5.0 1.32+0.25 9.75x0.75
F3 27374125 49.98+2.3 77.35+4.1 1.21+0.40 16.38+0.85
F4 30.94+1.3 7854421 109.48455 1.46+0.55 7.80+0.80
El-Qalyubia F5 28.56+1.7 64.26£2.9 92.82+52 1.89+0.35 3.90+0.70
F6 32.13+1.8 55.93+3.1 88.06+4.2 1.64+0.25 3.90+0.80
F7 30.94+15 59.542.6 90.44+51 154+0.26 5.85+0.95
El- Fayoum F8 28.56+2.1 54.74+25 83.3+45 2.01x0.45 7.80+1.15
F9 28.56+2.2 59.5+2.3  88.06+4.5 3.02+0.25 4.29+0.45

Drainage water sources

D1 33.32+#1.25 66.64+35 99.96+5.2 2.29+0.35 10.84+1.50
Kafr El-Sheikh D2 30.94+25 69.02#3.2 99.96+5.3 1.75x0.25 9.91+1.45
D3 2499423 595432 84.49+51 1.31+0.26 13.65+1.35
D4 30.94+2.1 64.26+2.3 9524525 3.77+0.35 9.48+1.46
El-Qalyubia D5 27.37+2.6 60.69+35 88.06+5.6 2.55%0.25 10.96+1.45
D6 32.13+2.8 85.68+3.5 117.845.1 4.24+0.45 26.21+2.10
El- Fayoum D7 35.742.3 5474432 90.44+50 2.62+0.45 14.04+1.95
D8 29.75+2.6  59.543.3  89.25+53 1.39+0.35 13.77+2.50
D9 2737420 69.0243.5 96.39+5.1 2.69+0.45 8.81+1.15
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Fig. 2. NH**N and NO*N in drainage water samples in the studied area.

3.5 Organic Matters

The highest mean annual BOD and COD values in fresh and drainage water were (20.72 and 28 mg I'") (F1) and
(72 and 96 mg I'") (D7), respectively. While, the lowest values were (3 and 4 mg I™") (F5 and F6) and (26.6 and
36 mg I'") (D3), for fresh and drainage water, respectively (Table 5). So, according to these results and based on
guideline standard all water samples BOD and COD were below the standard limit except ((F1) and all drainage
water sources) for BOD and (all drainage water sources except (D3) was blow limit) for COD were above limit.
The BOD and COD of water samples were within the range of the permissible limits for fresh water except
((D1), (D6), (D7), (D8) and (D9)) for BOD and (D7) for COD, reflecting its suitability of all fresh and some
drainage water sources for irrigation.

Table 5. Mean annual of BOD and COD levels in fresh and drainage water sources.

Governorate Water sources COD (mg I") BOD (mg IM)
Fresh water sources
F1 28+2.50 20.72+2.45
Kafr El-Sheikh F2 24+2.45 17.76x1.45
F3 08+1.50 06.08+0.45
F4 08£1.25 06.00+0.75
El-Qalyubia F5 04+0.55 03.00£0.25
F6 04+0.45 03.04+0.45
F7 24+2.45 18.24+2.10
El- Fayoum F8 08+1.15 06.08+0.25
F9 08+1.15 06.00£0.35
Drainage water sources
D1 76£3.55 57.00+4.5
Kafr El-Sheikh D2 76+4.10 27.00£3.15
D3 36+3.50 26.60£3.75
D4 64+4.10 48.00£3.55
El-Qalyubia D5 56+3.45 42.00+3.45
D6 76+4.15 57.76x+4.15
D7 96+5.14 72.004£5.15
El- Fayoum D8 80£3.75 60.00+5.45
D9 80+3.80 59.20£3.45

3.6 Micronutrients and heavy metals

The determined heavy metals of Zn, Cu, Cd, Ni and Pb in the fresh and drainage water sources of the studied
areas (Table 6). Their concentrations in fresh water sources were ranged from 0.024 to 0.3659, 0.0012 to 0.212,
0.00 to 0.0024, 0.0184 to 0.2294 and 0.0002 to 0.015 mg I, respectively. Comparable values in drainage water
sources were ranged from 0.00 to 0.2418, 0.00 to 0.0806, 0.00 to 0.0028, 0.0174 to 0.098 and 0.00 to 0.0126 mg I*,
respectively. Thus, with the exception of Cu and Ni at (F6), which were above the permitted limits, the
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quantities of heavy metals in fresh and drainage water sources exceeded the irrigation limits water quality
standards. All water sources in the areas under study can be classified as "No problem," indicating high water
quality, with the exception of those that have surpassed allowable limits.

Table 6. Mean annual of heavy metal concentrations (mg |I™%) for fresh and drainage water sources.

Governorate Water sources Zn Cu Cd Ni Pb
Fresh water sources
F1 0.067+0.1 0.002+0.2 0.00002+0.1 0.0186+0.1 0.0032+0.1
Kafr El-Sheikh F2 0.024+0.1 0.008+0.3 ND 0.0254+0.2 0.0002+0.2
F3 0.105+0.2 0.012+0.2 0.0002+0.1 0.0292+0.2 0.0038+0.1
F4 0.365+0.15 0.157+0.2 0.0024+0.1 0.1742+0.2 0.015+0.3
El-Qalyubia F5 0.024+0.1 0.015+0.2 0.0002+0.1 0.032+0.20 0.0052+0.3
F6 0.061+0.2 0.212+0.3 ND 0.2294+0.2 0.004+0.3
El- Fayoum F7 0.027+0.1 0.033+0.2 0.0002+0.1 0.0504+0.2 0.0052+0.1
F8 0.027+0.1 0.058+0.2 ND 0.0754+0.3 0.004+0.1
F9 0.030+0.1 0.030+0.1 0.00004£0.1 0.0478+0.3 0.0024+0.2
Drainage water sources

D1 0.091+0.1 0.021+0.1 0.0002+0.1 0.0384+0.2 0.0064+0.1
Kafr El-Sheikh D2 0.014+0.2 0.005+0.1 ND 0.0222+0.2 0.0014+0.2
D3 0.017+0.2 ND 0.0002+0.1 0.0174+0.3 0.003+0.2
D4 0.050+0.1 0.020+0.2 0.0002+0.1 0.0372+0.2 0.0054+0.1
El-Qalyubia D5 0.109+0.2 0.081+0.3 0.0028+0.2 0.098+0.1 0.0126+0.1
D6 0.241+0.3 0.049+0.2 0.0008+0.2 0.0668+0.1 0.0054+0.2
D7 0.086+0.2 0.042+0.2 0.0012+0.2 0.0592+0.2 0.0068+0.1

El- Fayoum D8 0.007+0.1 0.019+0.1 0.0004+0.2 0.0366+0.3 ND
D9 ND 0.009+0.1 0.0002+0.2 0.0268+0.2 0.0014+0.1

ND: Not detected.

3.7 Calculated irrigation water quality criteria and categorization

Results showed that, mean annual SAR in fresh water varied from 3.98 (F5) to 20.53 (F8) and in drainage water
ranged from 2.67 (D6) to 21.51 (D8) for all the studied areas (Table 7). All SAR results are within standard
limits (<15) except (F7) and (F8) in fresh water and (D8) and (D9) in drainage water sources exceeds the
standard limit. SAR results show that 77.78% of these samples are excellent and appropriate for irrigation. All
sources of water Adj SAR content based on standard limits (6) were above the limit except sample (F5) in fresh
water sources and ((D5) and (D6)) in drainage water sources were blow (no —problem). Most of the studied
samples severe problems (Table 8) since values of Adj SAR were above (9).

Sodium soluble percentage (SSP)

Because the maximum limit should be less than 60%, the allowable sodium percentage permits the use of the
water for irrigation. When water contains more than 60% salt, Na* can build up and cause soil damage. In
drainage and fresh water resources, the soluble sodium percentages in the current study varied from 39.98 to
81.97% and 54.66 to 89.57%, respectively (Table 7). Water samples in our investigation are therefore classified
as safe, questionable, and inappropriate for irrigation (Table 8).

Permeability index (PI)

Pl varied between 67.42 (F5) to 101.34 meqg/L (F3) for fresh and from 55.92 (D6) to 103.10 meg/L (D3) for
drainage sources (Table 7). Therefore, based on PI values, all water samples in the study area were excellent
except (D5 and D6) as drainage water and (F4 and F5) as fresh water were considered to be good for irrigation
purposes (Table 8).

Residual sodium carbonate (RSC)

Results in Table (7) reveal that the majority of RSC was less than 1.25 mmolc I, While, other above limit

(1.25) were (F1), (F2), (F3) and (F9) as fresh sources and (D1), (D2) and (D3) as drainage sources therefore,
most water samples is good for irrigation except the sources above limit were unsuitable for irrigation (Table 8).
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Magnesium adsorption ratio (MAR)

According to Table (7), the mean annual MAR for fresh and drainage water sources in the study locations varied
from 35.12 (F4) to 72.68 percent (F1) and 32.51 (D2) to 60.67 percent (D9), respectively. With the exception of
(F1), (F8), and (D9), which are inappropriate fresh and drainage water sources, respectively, the majority of the
areas under consideration have fresh and drainage water quality of less than 50%, indicating that they are
suitable for irrigation (Table 8).

Potential salinity (PS).

In this study (Table 7), the PS values varied from 1.75 (F2) to 13.13 (F8) and from 3.28 (D5) to 32.44 (D9) for
fresh and drainage water sources, respectively. So, according to standards of irrigation water quality based on
PS, all water sources in study areas are classified as moderate except fresh water in Kafr EI-Sheikh Governorate
were good and drainage water sources in El-Faoum Governorate were low permeability (Table 8).

Kelly ratio (KR)

In Table (7), KR values are varying from 1.23 to 9.1meg/l and from 0.68 to 5.13 meg/l for fresh and drainage
water sources, respectively. The present study illustrating that, all water sources were above the permissible
limit of 1.0 except (D5) and (D6) values are lower the acceptable limit. Therefore, water of (D5) and (D6)
considered appropriate and other samples were unsuitable for irrigation purposes (Table 8).

Table 7. Mean annual of some calculated irrigation water quality criteria for both fresh and drainage
water sources.

Water
sources SAR Adj.SAR RSC SSP Pl PS KR MAR
Fresh water sources
F1 4.89+0.55 10.19+1.5 4.14+0.25 60.88x3.5 92.66+3.1 2.05+0.5 1.89+0.2 72.68%5.4
F2 7.31+0.75 15.47+1.4 6.27+0.45 73.42+4.2 100.1+4.3 1.75+0.3 2.99+0.3 38.59+4.5
F3 8.16+1.50 16.05+2.1 5.01+0.45 75.77+4.1 101.3+6.5 29605 3.65+0.6 47.39+3.5
F4 4.82+0.45 8.79+1.2 -2.93+0.2 57.83+45 70.19#5.6 8.67+15 1.42+0.1 35.12+3.1
F5 3.98+0.25  6.78+0.65 -3.00+0.3  54.66+3.5 67.22#5.4 553+1.1 1.23+0.2 42.86+3.1
F6 5.20+0.35 11.13+1.2 1.12+0.2 61.10+3.5 79.68+4.1 5.32£15 1.60+0.6 43.18+4.1
F7 20.35+2.1 31.74+2.5 0.90+0.1 89.57+2.6 97.40+4.5 12.1+18 9.10+15 37.20+4.2
F8 20.53+2.2 33.35+2.8 0.50+0.1 88.71+54  95.99+3.5 13.1+20 8.38+1.1 60.00£5.4
F9 8.96+1.15  20.58+2.1 3.25+0.2  71.83%6.5 86.37+3.6 7.56+15 2.60+0.5 36.135.6
Drainage water sources
D1 11.82+1.1 24.32+2.1 4.20+0.4 79.47+54  95.80+£3.5 8.16+15 4.44+05 40.85+4.5
D2 15.07+2.3 35.99+3.2 10.54+0.5 81.88+5.6 97.82+45 8.24+1.0 5.04+x0.6 32.51+4.6
D3 12.51+2.2 27.63+2.5 9.53+£0.5 81.46+5.8 103.1#5.6 5.31+14 513104 47.14%4.5
D4 4.95+0.65 9.82+1.25 0.25+0.1 60.98+54  79.71+4.6 5.23+1.1 1.63+0.4  43.48%5.6
D5 2.76x0.25 5.17+0.45 -1.30+0.1  46.20+45 67.10¥45 3.28+0.9 0.89+0.2 45.26+4.8
D6 2.67+0.35 5.58+0.55 -3.50+0.6  39.98+5.4  55.92+45 7.69+1.1 0.68+0.2 45.45+4.8
D7 12.39+1.5 26.37+£2.5 -1.90+0.1  74.95+6.4 83.70+6.4 18.8+2.1 3.20+0.2 38.93+4.6
D8 20.51+2.0  46.45%£3.45 -0.59+0.2  81.97+45 88.89+45 28.7+3.1 5.01+0.3 37.54+4.5
D9 18.96+2.4  44.37+£3.15 -0.10+0.1  81.17#5.6 87.87¥45 324432 4.49+06 60.67+54

EC: Electrical conductivity, SAR: Sodium adsorption ratio, adj.SAR: adjusted sodium adsorption ratio, RSC:
Residual Sodium, SSP: Sodium Soluble Percentage, PS: Potential salinity, MAR: Magnesium Adsorption Ratio,
Pl: Permeability Index, KR: Kelly ratio.
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Table 8. Classification of irrigation fresh and drainage water sources in accordance with guidelines for
various water quality factors.

AT e sAR USSL USSL AdisAR  RSC ssP Pl PS KR MAR
Fresh water sources
F1 C2 S1 c2s1 G S.P. Uns. V.P E. G. Uns. uns.
F2 C2 S1 c2s1 G S.P. Uns. V.P E. G. Uns. Su.
F3 C2 S2 c2s2  G. S.P. Uns. V.P E. G. Uns. Su.
F4 C1 S1 Cl1S1 E. S.P. G. S. G. M. Uns. Su.
F5 C2 S1 c2s1 G S.P. G. S. G. M. Uns. Su.
F6 C2 S1 c2s1 G S.P. G. V.P E. M. Uns. Su.
F7 C2 S3 C2S3 A S.P. G. Uns. E. M. Uns. Su.
F8 C2 S3 C2S3 A S.P. G. Uns. E. M. Uns. Uns.
F9 C1 S2 C1s2 G S.P. Uns. V.P E. M. Uns. Su.
Drainage water sources
D1 C3 S3 C3S3 A S.P. Uns. V.P E. M. Uns. Su.
D2 C3 S3 C3S3 A S.P. Uns. Uns. E. M. Uns. Su.
D3 Cc2 S3 C2S83 A S.P. Uns. Uns. E. M. Uns. Su.
D4 C2 S1 c2s1 G S.P. G. V.P E. M. Uns. Su.
D5 C2 S1 Cc2s1 G S.P. G. S. G. M. Su. Su.
D6 C3 S1 C3s1 Ap. S.P. G. S. G. M. Su. Su.
D7 C3 S3 C383 A S.P. G. D. E. L.P. Uns. S.
D8 C4 S4 C4S4 V.P S.P. G. Uns. E. L.P. uns. S.
D9 C4 S4 C4S4 VP S.P. G. Uns. E. L.P. Uns. uns.

Water quality class according to USDA (1954); C1, C2, C3, C4 are low, medium, high and very high salinity; S1
, 52, S3, S4 are low, medium, high and very high sodicity, respectively. EC: Electrical conductivity, SAR:
Sodium adsorption ratio, adj.SAR: adjusted sodium adsorption ratio, RSC: Residual Sodium, SSP: Sodium
Soluble Percentage, PS: Potential salinity, MAR: Magnesium Adsorption Ratio, Pl: Permeability Index, KR:
Kelly ratio. G: Good, E: Excellent, A: Acceptable, V.P: Very poor, S.P.: Severe problem, Uns.: Unsuitable, D.:
Doubtful, S.: Safe, M.: Moderate, L.P.: Low permeability, Su. Suitable, Ap.: Appropriate.

2. Discussion

Worsening of water quality can happen due to industrial, municipal and agricultural activities. Consistent
assessment water quality of water resources is essential to evaluation water quality for ecosystem health,
industrial, domestic and agricultural usage. Traditional methods for evaluating water quality are centred on
comparing values of the tested determined variable with current guidelines.

The pH values of each water sample are within the permissible parameters given by FAO recommendations and
Egyptian regulations, revealing its appropriateness for irrigation. Some sources may experience a small increase
in pH due to intrusions of industrial effluent. Changes in pH are associated with variations in conductivity and
bicarbonate content (Roy and Rhim, 2021). The electrical conductivity (EC) of water is directly related to the
amounts of ions dissolved in it (Wu et al., 2017 and Ghieth et al., 2019). The growth of soil salinity to the point
where crop yields are adversely affected serves as the primary basis for categorizing irrigation water based on
salinity threat. The incapacity of the plant to compete with ions in the soil solution for water (physiological
drought) is a significant element influencing the impact of high EC on crop productivity when it comes to
irrigation water (Temesgen et al., 2023).

The lowest value of EC in fresh water sources in our investigation was 0.226 dS/m (F9). However, in drainage
water sources, the greatest EC value was 3.04 dS/m (D8). According to the FAO's Guidelines for Irrigation
Water (FAO, 1985), all fresh water samples falls into the C1 class, or "No Problem," which indicates that the
water quality is in good condition. The fact that (D8) was in the C4 class, however, suggests a serious issue,
whereas other drainage water sources in the C2 class "i.e. increasing problem"

In water bodies, nitrate (NO3™-N) can be created by oxidizing and reducing other forms of nitrogen, such as
nitrite, ammonia, and organic nitrogen compounds like amino acids. It can also enter water directly from
fertilizer runoff that contains nitrate (Kidd, 2011 and Ashoura et al., 2021). Excessive NOgz'in irrigation water
delays crop maturity by overstimulating vegetation growth, which lowers crop output quality and quantity.
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Furthermore, nitrate poses serious health problems due to its easy leaching from the soil and potential for
groundwater contamination (Elgallal et al., 2016 and Abbas et al., 2020).

A quantity of more than 2.5 mg/l of ammonia can be toxic to aquatic life, and an excess of 1 mg I is indicative
of organic pollution (Reid, 1961). The concentrations of NO3” and NH," in all of the water samples from our
investigation are found to be higher above the essential limits for irrigation. According to the FAO (1985), the
degree of restriction in usage for irrigation is categorized as "Moderate to high" for NH," and "Severe problem"
for NO; ~. Runoff from agricultural fields, particularly those with significant inputs of mineral fertilizers, animal
dung, and urban waste water, may be the cause of these rising nutrient concentrations (NPK), which would result
in eutrophication (Afify et al., 2019 and Abdo et al., 2022). BOD and COD provide the organic matter
indicator. When BOD levels are high, aerobic bacteria use the dissolved oxygen to finish decomposing organic
materials and create an anaerobic condition. The quantity of oxygen consumed by the biotic organisms during
biodegradation is known as BOD. However, according to El-Bourie (2008) and Abd El-Razik et al. (2023),
COD is a sign of the oxidation of both organic and inorganic elements in water. High BOD and COD in the
current study could be the result of home wastewater pollution. Increasing BOD and COD levels are typically
signs of increased microbial activity. NH," and NO; ~ values were shown to rise as a result (Masoud et al., 2020
and Abdo et al., 2022). To improve the water quality for BOD and COD, a basic wastewater treatment plant
should be feasible to install on the study regions' drains. Water sources may become contaminated by heavy
metals, which would affect the quality of the water (Krishna et al., 2009 and Ghieth et al., 2019). Because of
their toxicity, durability, and bioaccumulative nature in the environment, they are considered serious pollutants
(Pekey et al., 2004). With the exception of Cu and Ni at Qalyubia Canal (F6), which were within acceptable
limits, the majority of the fresh and drainage water samples in our investigation were below the FAO irrigation
limits and Egyptian water quality criteria for drainage water. The behaviour of the heavy metals, which are
deposited at the water pathway's bottom, could be the cause of this (Sherif, 2019). The FAO and Egyptian
guidelines state that drainage water is not suitable for use in irrigation, as per the earlier determination. Prior to
being used for agricultural irrigation, the heavy metals (Cu and Ni) and organic pollutants (BOD and COD) a
pre-treatment should be carried out to reduce pollution and enhance the drainage water's quality.

Under specific soil texture circumstances, applying water with an imbalance in salt can further reduce yield.
Water infiltration may decrease when irrigation water has a high salt content in comparison to its calcium and
magnesium content (Hamid et al., 2012). The USDA proposed the "sodium adsorption ratio” (SAR) in 1954.
Water samples investigated in this study range from those with no sodicity hazard to those with sodicity hazard.
The high number, which reflects inappropriate water quality, particularly in the El-Fayoum Governorate,
suggests a sodicity threat. With the exception of the samples of F5 in fresh water sources and D5 and D6 in
drainage water sources, all water sources had a SAR concentration above the FAO regulatory limits (6). Since
levels of Adj SAR were above (9) according to Egyptian norms (Law 48/1982), which might produce
permeability issues for the soil, the majority of the studied samples had serious issues (Table 8). SSP is the
primary criterion used to classify irrigation water quality. According to Table 7, the lowest SSP value in drainage
water sources is 39.98 (D6), while the highest value is 89.57 (F7) in fresh water sources. According to the
findings, samples (F4), (F5), (D5), and (D6) had lower maximum limits, indicating that their water was safe or
acceptable for use in agricultural irrigation throughout the study period. The lower Na* abundance in certain
water sources may be the cause of this (Temesgen et al., 2023). Other water sources, such as drainage and fresh
water sources were above the upper limit. As a result, their water quality was questionable and inappropriate
(Wilcox 1955). When soil and water sodium react, the sodium builds up in the pore space and reduces soil
permeability (Hem, 1991). According to Akhtar et al. (2015) and Khalil et al. (2019), too much Na* in
irrigation water also causes issues with crop water uptake, lack of aeration, poor seedling emergence, plant and
root reductions, etc. The lowest Pl recorded in command areas was 55.92 meg/L (D6), and the highest was
103.1 meqg/L (D3). Water quality is excellent with a PI > 75 and no issues with permeability or infiltration (Al-
Amry, 2008). According to Pl category, every water sample in this study is of excellent and good irrigation
quality, demonstrating its appropriateness for irrigation. The findings of Wong et al. (2020), who recommended
using exceptional and good Pl water quality for irrigation, are supported by this research. Sodium carbonate
buildup can render irrigated soils with high RSC water content unproductive (Khalid, 2019 and Amer and
Mohamed, 2022). Additionally, raising the RSC in irrigation water poses harm to plant growth. The majority of
the water samples in our study had RSC levels below the maximum limit (1.25 meg/l), making them safe for
irrigation; those that above the limit were deemed unsuitable (Murtaza et al., 2021). Singh et al.'s (2020)
which used RSC levels to categorize high-quality water for irrigation aims, provided support for this work. High
magnesium levels in irrigation water reduce agricultural productivity (Grattan, 2002 and Temesgen et al.,
2023). The water samples in our study had the highest average MAR level of 72.68% (F1) and the lowest level
of 32.51% (D2). Accordingly, the command regions' fresh water and drainage quality are less than 50%,
indicating that they are suitable, with the exception of F1, F8, and D9, which exceed the limit and are therefore
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unsuitable (Zhang et al., 2021). This might be because most samples have low Mg?* levels (Temesgen et al.,
2023). PS in this study ranged from 32.44 (D9) in El- Fayoum Governorate to 1.75 (F2) in Kafr El-Sheikh
Governorate. Accordingly, samples are classified as having good to low permeability based on PS of irrigation
water quality criteria (Delgado et al., 2010). The somewhat reduced CI” and SO, levels in fresh water samples
from the Kafr EI-Sheikh Governorate and the slightly higher values in other samples may be due to Giri et al.
(2022) and Temesgen et al. (2023).

In agriculture, the Kelly Ratio/Kelly index is used to determine if irrigation water is suitable. Higher sodium
irrigation water affects soil structure by slowing the rate at which water enters the soil (Grattan, 2002). KI had
the greatest value of 9.10 (F7) and the lowest value of 0.68 (D6) in the current study. The findings show that,
with the exception of D5 and D6, the majority of samples are deemed unsuitable for irrigation based on Kelly's
values (Shah et al., 2019). This might be because the water samples from D5 and D6 had higher concentrations
of Ca®* and Mg®* (Kelly 1940 and Giri et al., 2022), and they concluded that the water was suitable based on
the Kl result of 0.74-0.94.

3. Conclusion

Assessing the water quality of fresh and drainage water sources is essential for public health and food security
since irrigation canals and drains pick up contaminants from agriculture, industry, and municipalities. Our results
for fresh water sources, classified as class excellent (C1S1) to acceptable (C2S3) while drainage water sources
varied from good (C2S1) to very poor (C4S4) in El- Fayoum Governorate, which could had negative outcomes
on soil and plant health. Additionally, the PI, MAR, SSP and RSC indexes in both water resources ranked as
good to excellent, suitable to unsuitable, safe to unsuitable and good to unsuitable, respectively. But, PS index
ranked as good to moderate for fresh water sources and moderate to Low permeability for drainage water
sources. Based on the findings of physicochemical analyses and irrigation criteria of all fresh water resources are
appropriate for irrigation. But, most drainage water sources have large obstacles and inappropriate for irrigation,
especially in EI- Fayoum Governorate drainage water are very poor. Therefore, this study recommended
conducting regular and continuous studies on these areas in future works to monitor any change in water quality
therefore avoid pollution and clarify its suitability for irrigation. In addition, drainage water sources must be
properly treated before using in agriculture irrigation.
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