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Surface freshwater systems globally face severe stresses due to overpopulation
and associated waste. The Ismailia Canal, a crucial freshwater source in the
eastern Nile Delta, Egypt, serves multiple purposes and is endangered by various
environmental activities. This study characterizes the canal’s water using
physicochemical parameters to evaluate its suitability for different uses. Water
samples were collected twice in winter and summer seasons of the year
2018 from eight sites distributed along the course of Ismailia Canal. A
comprehensive chemical analysis of the samples was carried out. Water
chemistry was graphically and statistically assessed. Water qualities were
evaluated using WHO guidelines, water quality index (WQI), Pollution indices
of metals (PIm) and long- and short-term effect of trace elements on irrigation.
Results show that the water is slightly alkaline and moderately hard, with higher
salinity in winter than summer. Major cations and anions are higher in winter,
whereas NO₃ is higher in summer. The canal water is primarily of the Ca(Mg)-
HCO₃ type, influenced mainly by rock-water interactions. While most
physicochemical parameters meet drinking water standards, Al, Sb, As, Cd, Fe,
Pb, and Tl exceed limits, with significant impacts from Al and Tl year-round, and
seasonal impacts from As, Pb, Cd, and Fe. For irrigation, water quality is generally
unaffected in winter, but Mo and Se have slight impacts in summer for long-term
use. This research is vital for informing sustainable water management practices,
which are crucial for Egypt’s research initiatives, economic stability, and
environmental sustainability.
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1 Introduction

Since the 1990s, there has been a global worsening of water
degradation, and this trend is predicted to continue, posing more
risks and having detrimental effects on both the environment and
human health. It is well recognized that human survival and social
development depend critically on the quality of the water (Fu et al.,
2023; Yan et al., 2023). However, the quality of natural water is
declining due to the quick development of industry and population
growth, endangering not only human health but also ecological
services (Wang et al., 2022; Fu et al., 2023). Eutrophication and
heavy metal contamination are two pressing environmental issues
affecting water resources (Cheng et al., 2021; Wang et al., 2022). To
prevent a worldwide water crisis in the near future, concerns about
water quality require immediate attention and well-coordinated,
well-informed action.

Fresh surface water, though representing a small percentage of
Earth’s water, plays a crucial role in human life and the environment.
It supports various human activities, including drinking, irrigation,
livestock, industrial uses, fishing, recreational activities, hydropower
plants, water treatment plants, and wastewater treatment (Dieter
et al., 2017; NISC, 2005; Jaskuła et al., 2021; Ghobara and Salem,
2017; Salem et al., 2019). Additionally, fresh surface water sustains
ecological systems, providing habitats for numerous plants and
animals (NISC, 2005; Elshobary et al., 2020; Salem et al., 2017a).
It also influences groundwater resources (NISC, 2005).

The state of fresh surface water can be assessed in terms of
quantity and quality. Quantity is influenced by direct withdrawals
for human uses, such as drinking, irrigation, and industrial
processes, as well as by the withdrawal of groundwater that
recharges surface water. Human activities and climate change
significantly impact surface water availability, with climate
fluctuations further affecting water use (Dieter et al., 2017;
Jaskuła et al., 2021; Salem et al., 2017b; Salem et al., 2017c).
Quality reflects a range of physical, chemical, and biological
characteristics that affect water suitability for various purposes.
Exceeding permissible limits for these characteristics can
negatively impact human health, especially through drinking,
irrigation, or recreational activities (NISC, 2005; Salem et al.,
2021). Growing populations and intensified agricultural and
industrial activities have turned surface water canals and
agricultural drains into dumping sites for industrial wastewater,
untreated urban and rural waste, and irrigation runoff (Stahl
et al., 2009).

Water contamination, particularly with metals, is a pressing
environmental issue. Surface freshwater systems globally face severe
stress from overpopulation and associated waste (Ghodeif et al.,
2011; UNESCO-MERIC, 2003). Metal pollution poses significant
hazards to human health and ecosystems due to its chronic nature,
stability, toxicity, and bioaccumulation (Jaskuła et al., 2021; He et al.,
2019; Stamatis et al., 2019; Doležalová et al., 2019; Sojka et al., 2019).
Consequently, the concentrations, distribution, and sources of metal
pollutants are of global concern (Jaskuła et al., 2021; Nawrot et al.,
2020; Mandeng et al., 2019; Sun et al., 2018).

In Egypt, freshwater is vital for supporting a growing population
and various economic activities. The Ismailia Canal, an important
freshwater source, serves areas from Greater Cairo to Ismailia,
Sharkia, Port Said, and Suez governorates, providing water for

drinking, irrigation, domestic, and industrial purposes (Geriesh
et al., 2008). However, the canal is at risk from unwise direct and
indirect activities in its surrounding environments (Geriesh et al.,
2008). This study uses the Ismailia Canal as a case study to
characterize its water and evaluate its suitability for different
human uses based on its physicochemical parameters.

2 Ismailia canal

The Ismailia Canal (Figure 1) is a man-made waterway
constructed between 1858 and 1863 to supply water to villages
along the Suez Canal and to workers during its excavation. It extends
from its inlet at the River Nile north of Cairo, near Shubra, passing
through the El-Qalioubeya and El-Sharkeya governorates, and flows
through Wadi El-Tumulat to its outlet at El-Temsah Lake in the
Ismailia governorate. Before reaching Ismailia town, the canal
bifurcates: one branch flows north to Port Said governorate, and
the other flows south to supply Suez governorate (Geriesh et al.,
2008; Goher et al., 2014; Geriesh, 1994; Geriesh and El-Rayes, 2001;
Ghodeif et al., 2011; Stahl and Ramadan, 2008).

The Ismailia Canal, being the most distal downstream segment of
the Nile River, contains pollutants discharged into the Nile, as large
amounts of untreated urban municipal, industrial, and rural domestic
waste enter the river. Additionally, it is susceptible to direct pollution
from human activities (Geriesh et al., 2008; Ghodeif et al., 2011; Stahl
and Ramadan, 2008). Potential contamination sources vary with
human activities and can directly or indirectly affect water quality
(UNESCO-MERIC, 2003; Ghodeif et al., 2011). Figure 2 identifies
large-scale activities and facilities that may contaminate the canal,
including agricultural practices, urbanization, industrial development,
and transportation (Ghodeif et al., 2011). The lack of vegetative buffer
filtration increases contaminant percolation into the canal water.
Roads flanking both sides of the canal and rainwater drainage
contribute to metal and organic material accumulation in the water
(Geriesh, 1994; Geriesh and El-Rayes, 2001; Ghodeif et al., 2011).

The upstream portion of the Ismailia Canal from Cairo to Abu
Zaabal includes several industrial activities such as petroleum, petro-
gases, iron and steel, fertilizers, aluminum sulfate, and detergent
production (Figure 2), which are major pollution sources.
Additionally, water treatment plants discharge wastewater rich in
aluminum, iron, and manganese into the canal. Common pollution
sources from urban areas include chemical leaks, industrial runoff,
and liquid waste, which can pollute canal water and subsequently
contaminate the soil through irrigation (Geriesh et al., 2008; Stahl
and Ramadan, 2008). In rural areas, potential pollution sources
include irrigation runoff, agricultural effluents, excessive use of
heavy metal-containing fertilizers and pesticides, unsafe sewerage
systems, waste disposal seepage, and septic tanks near the canal
(Geriesh et al., 2008; Ghodeif et al., 2011; Stahl and Ramadan, 2008).
Municipal effluents, sewage runoff, and industrial waste pumped
into drains and surface water canals cause water resource
degradation with severe health concerns (Herzog et al., 2012).
Downstream reaches of the canal face high pollution risks, acting
as an effluent stream during winter, especially during droughts
(Geriesh et al., 2004).

The canal flows through diverse geological environments
(Figure 1), including Nile silts and muds, Miocene limestone,
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marls and sandstone, Oligocene gravels, and basaltic sheets
upstream, and Wadi El-Tumilat sands and muds downstream
(Geriesh et al., 2008). Groundwater and surface water systems
are usually connected and can impact each other (Ghodeif et al.,
2011). The hydrologic relationship between the canal and
groundwater varies significantly. The canal is recharged by the
surrounding shallow aquifer during the High Dam gates’ closure,
while it acts as an influent stream, losing water, for the rest of the
year. The canal acts as an effluent stream in most parts except from
Abu-Zaabal to Inshas and fromAt-Tal Al Kabir to Al Kasasin, where
it acts as an influent stream (Geriesh, 1994; Ghodeif et al., 2011).

3 Methodology

Eight sites were selected for sampling of Ismailia canal water as
shown in Figure 1. Stream water samples were collected from the
upstream at Cairo city to the downstream at Ismailia City.

Water samples were collected twice in the winter (in January)
and the summer (in August) of the year 2018. Samples were
collected from depths of 0.5 m below the water surface in the

middle width of the stream and filtered to removes the
suspended material from water. The sampling process was
conducted following the standard methods set by APHA/
AWWA/WEF (2017) for the examination of water. New, pre-
cleaned, acid-rinsed, high-density polyethylene bottles with
polyethylene caps were used. In each site, samples were collected
in two bottles one is unacidified and the other is pre-acidified using
HNO3 to pH < 2. Samples were stored in cold storage at
temperatures below 4oC. A Hach portable EC/TDS meter and
portable pH meter (Model P 314) were used to measure EC,
TDS and pH in site after calibration. Ion Chromatography (GBC,
Timerline Instrument, Boulder, Colorado) was employed to
determine the concentrations of K, Na, Mg, Ca, Cl, SO₄, HCO₃,
CO₃, and NO₃ ions. Total hardness (TH) was calculated using
Equation 1. An Inductively Coupled Plasma-Optical Emission
Spectrometer (ICP-OES, Prodigy HDICP, Teledyne, Leeman
Labs) was used to analyze trace elements, including Al, Sb, As,
Ba, Be, Cd, Cr, Co, Cu, Fe, Pb, Li, Mn, Mo, Ni, Se, Tl, and V.
Preservation, preparation, and chemical analyses of the water
samples were performed in the Central Laboratory for Elemental
and Isotopic Analysis (CLEIA), Nuclear Research Center (NRC),

FIGURE 1
Locations of sampling sites along Ismailia Canal superimposed on the geologic map of the study area (Source: The Geologic Map of Egypt 1981.
Modified after Salem et al., 2020.
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Atomic Energy Authority, and the Geochemistry Lab., Nuclear
Materials Authority, Egypt. The obtained results were tabulated,
statistically analyzed, and graphically presented. The Surfer program
(version 11.1.719—Surface Mapping System—Golden Software,
Inc.) was used for mapping purposes. Statistical analyses,
including correlation and cluster analysis, were performed using
PAST version 2.17c (Hammer et al., 2001).

TH as CaCO3 inmg/L � 2.497 Ca( ) + 4.118 Mg( ) (1)

Drinking water quality index (WQI) were calculated based on
WHO (2017) guidelines and the relative importance of each
parameter for drinking suitability (for calculation procedure see
Abbasi and Abbasi, 2012; Salem et al., 2017b; Xiao et al., 2021).
According to Gao et al. (2020), WQI values are classified into five
categories can be assigned: undrinkable (WQI ≥300), very poor
(200:300), poor (100:200), good (50:100), and excellent (WQI<50).
Only the good and Excellent classes were recognized in the studied
water. Pollution indices of metals (PIm) were calculated, using
Equation 2 (Goher et al., 2014), for the individual elements to
evaluate the pollution effect of each element on the quality of
Ismailia canal water for drinking and irrigation purposes in both
winter and summer seasons.

〖PI〗 m �√ 〖C i/S i( )〗 max ∧2 + 〖C i/S i( )〗 min ∧2[ ]( )/2( )

(2)
where:

Ci is the concentration of each element; Si is the standard limit of
each element based on the concerned quality criteria, and the
subscript suffixes, max. and min, refer to the maximum and
minimum values. Effects of elements are classified based on the
PIm values into five classes, which are: No Effect (PIm <1), Slight
Effect (PIm = 1–2), Moderate Effect (PIm = 2–3), Strong Effect
(PIm = 3–5) and Serious Effect (PIm >5).

4 Results

4.1 Statistical evaluation and spatial variation

Thirty physicochemical parameters: pH, EC, TDS, K, Na, Mg,
Ca, Cl, SO4, HCO3, CO3, NO3, Al, Sb, As, Ba, Be, Cd, Cr, Co, Cu, Fe,
Pb, Li, Mn, Mo, Ni, Se, Tl and V were determined in the collected
samples. Table 1 shows the descriptive statistical summary of the
obtained results.

4.1.1 The pH, EC, TH and TDS
The pH of water samples ranges from 8.08 to 8.29 with a mean

value of 8.14 in winter (Figure 3A). In summer, the pH values range
from 7.64 to 7.98 with a mean value of 7.83 (Figure 3B), indicating
that Ismailia Canal water tends to be slightly alkaline. The pH values
of Ismailia Canal water are within the range of 6.5–9.0 set by USEPA
(2008) for freshwater. Regarding seasonal variation (Figure 4A), the
highest pH value, 8.29, is recorded in winter at sampling site 1, while
the lowest value, 7.64, is recorded in summer at sampling site 2.
However, the variation of pH along the canal shows an increasing
trend in summer and a decreasing trend in winter. As shown in
Figure 4A, the pH values do not show significant seasonal or spatial
variations along the canal. Several studies mention the slightly
alkaline nature of Ismailia Canal water (Goher et al., 2014; Abdo
and El-Nasharty, 2010; Elhaddad, 2014; Khalil et al., 2012; Yusuf
et al., 2018) and attribute this alkalinity to increased photosynthetic
activity, which raises the pH. Conversely, the decomposition of
organic matter releases acidic gases, lowering the pH of the water
(Yusuf et al., 2018).

The total hardness (TH as CaCO₃ in mg/L) of the water samples
shows an increasing trend in both winter and summer (Figure 4B). It
ranges from 114 to 117 mg/L with a mean value of 116 mg/L in
winter (Figure 3E), while in summer, it ranges from 85 to 110 mg/L
with a mean value of 94 mg/L (Figure 3F). According to Dhok et al.

FIGURE 2
Land uses in the environs of Ismailia Canal that may represent potential sources of contamination (modified after Ghodeif et al., 2011).
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(2013), Gebresilasie et al. (2021), McGowan (2000), Ramya et al.
(2015), Rout and Sharma (2011), and Singh et al. (2021), the water of
Ismailia Canal is classified as moderately hard in both winter and
summer. As shown in Figure 4B, TH shows significant spatial
variation in summer along the canal, while it shows insignificant
changes between sampling sites in winter.

The EC of the water samples ranges from 510 to 543 μS/cm with
a mean value of 528 μS/cm in winter (Figure 3C). In summer, it

fluctuates along the canal (Figure 4C) and ranges from 357 to
476 μS/cm with a mean value of 403 μS/cm (Figure 3D). As
shown in Figure 4C, the EC reaches its highest value in winter at
sampling site eight and its lowest value in summer at sampling site 5.
The TDS ranges from 326 to 347 mg/L with a mean value of 338 mg/
L in winter (Figure 3G), while in summer, TDS ranges from 228 to
305 mg/L with a mean value of 258 mg/L (Figure 3H). A similar
variation is observed for TDS, with general increasing trends from

TABLE 1 Summary of the descriptive statistics of the determined physicochemical parameters in the water samples of Ismailia Canal.

Parameter Winter Parameter Summer

Min Max Mean SD Min Max Mean SD

pH 8.1 8.3 8.1 0.07 pH 7.6 7.9 7.8 0.12

EC (μS/cm) 510 543 528 10.86 EC (μS/cm) 357 476 403 42.33

TH (mg/L) 114 117 116 0.93 TH (mg/L) 85 110 94 9.50

TDS (mg/L) 326 347 338 6.95 TDS (mg/L) 228 305 258 27.09

K (mg/L) 8.48 9.00 8.72 0.18 K (mg/L) 4.32 9.33 8.33 1.70

Na (mg/L) 45.70 50.10 47.30 1.80 Na (mg/L) 27.82 48.09 34.35 7.12

Mg (mg/L) 7.48 7.75 7.58 0.08 Mg (mg/L) 4.37 4.58 4.48 0.08

Ca (mg/L) 33.41 34.23 33.87 0.28 Ca (mg/L) 26.90 36.87 30.28 3.83

Cl (mg/L) 25.32 42.02 33.41 5.54 Cl (mg/L) 22.81 38.17 31.23 5.88

SO4 (mg/L) 31.36 47.86 36.59 5.20 SO4 (mg/L) 26.68 35.71 31.19 3.58

HCO3 (mg/L) 134.20 167.20 154.90 9.87 HCO3 (mg/L) 81.82 119.84 101.57 14.65

CO3 (mg/L) 3.13 4.82 4.04 0.49 CO3 (mg/L) 2.45 3.81 3.02 0.52

NO3 (mg/L) 7.92 11.76 9.72 1.39 NO3 (mg/L) 11.18 12.76 11.91 0.60

Al (μg/L) 621.0 985.0 798.0 120.0 Al (μg/L) 437.0 1029.0 746.0 165.0

Sb (μg/L) 0.0 18.8 9.1 6.1 Sb (μg/L) UD 24.1 12.7 8.3

As (μg/L) 0.0 13.9 7.3 5.4 As (μg/L) UD 2.9 0.4 1.0

Ba (μg/L) 43.5 48.1 45.7 1.4 Ba (μg/L) UD 6.0 1.7 2.6

Be (μg/L) 0.3 0.6 0.5 0.1 Be (μg/L) UD 2.7 0.5 1.0

Cd (μg/L) 0.4 1.0 0.6 0.2 Cd (μg/L) 1.6 4.3 2.5 1.1

Cr (μg/L) UD 0.6 0.2 0.3 Cr (μg/L) 1.9 3.5 2.7 0.5

Co (μg/L) 0.8 1.1 1.0 0.1 Co (μg/L) 1.2 5.2 2.8 1.4

Cu (μg/L) 2.8 8.9 6.0 1.8 Cu (μg/L) 1.2 3.0 1.8 0.6

Fe (μg/L) 44.6 347.0 202.0 101.0 Fe (μg/L) 175.0 807.0 329.0 203.0

Pb (μg/L) UD 16.7 8.2 6.3 Pb (μg/L) UD 7.9 4.9 2.7

Li (μg/L) 8.1 8.4 8.2 0.1 Li (μg/L) 5.2 11.0 9.4 2.5

Mn (μg/L) 35.4 67.8 56.6 10.9 Mn (μg/L) 47.2 139 76.2 35.6

Mo (μg/L) UD UD UD UD Mo (μg/L) 5.8 12.5 8.4 2.1

Ni (μg/L) UD 15.4 8.1 6.7 Ni (μg/L) 4.4 7.4 5.6 1.1

Se (μg/L) UD 5.6 2.0 2.5 Se (μg/L) UD 27.6 11.6 11.2

Tl (μg/L) UD 12.4 1.9 4.3 Tl (μg/L) 5.0 12.9 9.6 3.1

V (μg/L) 1.8 4.2 3.2 0.8 V (μg/L) 4.2 12.8 8.5 2.7

UD, equals undetected.
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upstream to downstream, where the highest values are recorded in
the downstream reaches of the canal (Figures 4C,D). TDS and EC
are relatively higher in winter than in summer, which could be
attributed to the lowering of the Ismailia Canal water level during
winter, concentrating the dissolved ions. Additionally, the death and

decay of microorganisms release different ions into the water. In
summer, the water level increases, leading to high dilution and a
drop in EC and TDS values (Salem et al., 2019; Abdo and El-
Nasharty, 2010; Yusuf et al., 2018; Abdel-Satar et al., 2017; Islam
et al., 2015). The average TDS of Ismailia Canal water recorded a

FIGURE 3
Box plots of pH (A, B), EC (C, D), TH (E, F) and TDS (G, H) in winter and summer seasons for Ismailia Canal water samples.

FIGURE 4
Spatial variation of pH (A), TH (B), EC (C) and TDS (D), TH in winter and summer seasons along the watercourse of Ismailia canal.
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little higher values to Damietta Nile Branch (266.25 mg/L, El-
Battrawy et al., 2022), lower values in contrast to El-Salam Canal
in the Northern East Nile Delta region (852.60 mg/L, El-Amier,
et al., 2021) and lower concentrations relative to surface water of
Obuasi mining district in Ghana (669 mg/L, Armah et al., 2010).

4.1.2 Major and minor ions
In winter, the cations K, Na, Mg, and Ca range from 8.48 to

9.0 mg/L, 45.66–50.09 mg/L, 7.48–7.75 mg/L, and 33.41–34.23 mg/

L, respectively, with mean values of 8.72, 47.34, 7.58, and 33.87 mg/
L, respectively (Figures 5A, C, E, G). In summer, these cations range
from 4.32 to 9.33 mg/L, 27.82–48.09 mg/L, 4.37–4.58 mg/L, and
26.9–36.87 mg/L, respectively, with mean values of 8.33, 34.35, 4.48,
and 30.28 mg/L, respectively (Figures 5B, D, F, H).

K shows insignificant seasonal changes except at sampling site 4,
where its summer value is much lower than its winter value
(Figure 6). Na, Ca, and Mg exhibit seasonal variations, with Na
and Ca fluctuating along the canal in summer and showing

FIGURE 5
Box plots of ions concentrations K (A, B), Na (C, D), Mg (E, F), Ca (G, H), Cl (I, J), SO4 (K, L), HCO3 (M, N) CO3 (O, P) and NO3 (Q, R) in winter and
summer seasons for Ismailia canal water samples.
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insignificant changes between sites in winter. Mg displays
insignificant variation between sites in both seasons. Generally,
all cations show increasing trends from upstream to downstream
in both winter and summer, except Mg, which slightly decreases in
summer (Figure 6B).

The anions Cl, SO₄, HCO₃, CO₃, and NO₃ range in winter from
25.32 to 42.02 mg/L, 31.36–47.86 mg/L, 134.15–167.19 mg/L,
3.13–4.82 mg/L, and 7.92–11.76 mg/L, respectively, with mean
values of 33.41, 36.59, 154.95, 4.04, and 9.72 mg/L, respectively
(Figures 5I, K, M, O, Q). In summer, these anions range from
22.81 to 38.17 mg/L, 26.68–35.71 mg/L, 81.82–119.84 mg/L,
2.45–3.81 mg/L, and 11.18–12.76 mg/L, respectively, with mean
values of 31.23, 31.19, 101.57, 3.02, and 11.91 mg/L, respectively
(Figures 5J, L, N, P, R).

All anions show significant seasonal variations except Cl and
SO₄, which display similar distribution patterns in both seasons
(Figure 6). Generally, all anions increase from upstream to
downstream in both winter and summer, except SO₄ and CO₃,
which decrease in winter (Figure 6A). HCO₃ fluctuates in summer
and shows insignificant spatial changes in winter along the canal.
HCO₃ is relatively higher in winter than in summer, possibly due to
bacterial decomposition and fermentation of organic matter, which

increases during drought periods, producing HCO₃ as a final
product, along with the high evaporation rate in summer (Salem
et al., 2019; Abdo and El-Nasharty, 2010; Yusuf et al., 2018).

CO₃ and NO₃ display opposite distribution patterns in winter
and summer across all sampling sites except sites two and 6. All
anions are relatively higher in winter than in summer, except NO₃,
which is higher in summer than in winter.

Based on the mean values of cations and anions, cations follow
the dominance order Na > Ca >K >Mg in both winter and summer.
Anions follow the order HCO₃ > SO₄ > Cl > NO₃ > CO₃ in winter
and HCO₃ > Cl > SO₄ > NO₃ > CO₃ in summer.

4.1.3 Trace elements
In the winter season, trace elements such as Al, Ba, Be, Cd, Co,

Cu, Fe, Li, Mn, and V are recorded in all samples. Meanwhile, Sb, As,
Cr, Pb, Ni, Se, and Tl are recorded in 87.5%, 75%, 50%, 75%, 75%,
50%, and 37.5% of the samples, respectively, and Mo is not detected
at all (Figure 7A). In the summer season, trace elements including
Al, Cd, Cr, Co, Cu, Fe, Li, Mn, Mo, Ni, Tl, and V are present in all
samples. Sb, As, Ba, Be, Pb, and Se are recorded in 87.5%, 12.5%,
25%, 25%, 87.5%, and 75% of the samples, respectively (Figure 7B).

As shown in Figure 8, the trace element concentrations vary
along the course of the Ismailia Canal in both winter and summer.
Elements such as As (Figures 7A, B), Ba (Figure 8A; Figure 7B), and
Cu (Figures 7C, D) have higher concentrations in winter than in
summer. Conversely, elements like Cd (Figures 8D, E), Cr
(Figure 7A; Figure 8D), Co (Figures 8D, E), Mo (Figure 8D), and
V (Figures 8C, D) have higher concentrations in summer than in
winter. In most samples, Al, Be, Pb, and Ni have higher
concentrations in winter compared to summer. In contrast, Sb,
Fe, Li, Mn, Se, and Tl concentrations are higher in summer than in
winter (Figures 7, 8).

Seasonal variations in metal concentrations may be attributed to
changes in pH, where the canal water has relatively higher pH values
in winter than in summer. pH changes can alter the chemical state of
many pollutants, affecting their solubility and transport between
canal water and bottom sediments (USEPA, 2021). The geology and
lithology (Figure 1), as well as human activities such as agricultural
practices, urbanization, and industrial activities (Figure 2), influence
the inputs of H and OH ions in the water and the level of chemical
pollution through rock-water interactions, leakage, leachates, and
direct effluent discharges (USEPA, 2021; Li, et al., 2023).
Additionally, rainwater and road maintenance works are
potential sources of pollution that may result in the
accumulation of metals and organic material in the canal water
(Geriesh, 1994; Geriesh and El-Rayes, 2001; Ghodeif et al., 2011;
Stahl and Ramadan, 2008; Geriesh et al., 2008).

Armah et al. (2010) found that the Obuasi mining area in Ghana
contains surface water with elevated concentrations of heavy metals,
particularly Hg, Pb, As, Cu, and Cd, exceeding the permissible levels
set by the WHO and clearly indicating human impact. El-Amier
et al. (2021) indicated that the levels of Fe and Zn in the El-Salam
Canal in the Northern East Nile Delta are within acceptable limits
for both drinking and irrigation purposes. However, they found that
Mn, Pb, Cu, Co, Ni, Cr, and Cd were present at higher
concentrations than recommended. The heavy metals in the raw
water samples from the Nile River were analyzed by El-Battrawy
et al. (2022). Their findings revealed that Copper, Cobalt, and Zinc

FIGURE 6
Spatial variation of TDS, TH and ions concentrations in winter (A)
and summer (B) seasons along the watercourse of Ismailia canal.
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were not detected in the raw water samples. However, the
concentration of Cadmium was measured at 0.021 ± 0.0008 mg/
L, Nickel at ±0.047 0.0002mg/L, and Lead at ± 0.067 0.0005mg/L, all
of which exceeded the permissible limits as per the guidelines
provided by WHO (2017). The difference between the water of
the Al-Salam Canal and the water of the Nile River, on the one hand,
and the water of the Ismailia Canal, on the other hand, in the content
and type of pollutants leads to the conclusion that the local
environment around the Ismailia Canal, including its industrial,
agricultural, urban, and other activity, played a major role in canal
water pollution.

4.1.4 Correlation analysis
Pearson’s correlation analysis (Table 2) is used to determine the

relationships between the physicochemical parameters of Ismailia
Canal water, with correlation strengths estimated based on Evans
(1996) guidelines (McSeveny et al., 2009; Beldjazia and
Alatou, 2016).

In the winter season, pH shows a very strong positive correlation
with SO₄, a strong positive correlation with CO₃, and strong negative
correlations with HCO₃, Al, Co, Cu, and V (Table 2). In the summer,
the correlation with SO₄ becomes weak, while its correlation with

CO₃ remains very strong but negative. It also retains a strong
negative correlation with HCO₃ and shows strong negative
correlations with Mg, Al, Cd, and Co, and a strong positive
correlation with Cu (Table 2).

Total hardness (TH) in winter shows very strong correlations
with K and Ca, and strong correlations with Mg, Al, Ba, and Li
(Table 2). In summer, TH correlates very strongly with TDS and Na,
and strongly with HCO₃, CO₃, and NO₃, with a perfect correlation
with Ca (Table 2).

TDS in winter has very strong correlations with Na, As, and Co,
and strong correlations with K and Cl, as well as a strong negative
correlation with Sb (Table 2). In summer, TDS shows very strong
correlations with Na, Ca, and HCO₃, and strong correlations with
CO₃ and NO₃, while the correlation with Cl weakens, and other
parameters show insignificant correlations (Table 2).

In winter, K is very strongly correlated with Ca and strongly with
Mg. Na shows a strong correlation with Cl, and Mg has a very strong
negative correlation with CO₃. Other correlations between cations are
less significant (Table 2). In summer, important correlations include
very strong and strong correlations between Na and Ca and HCO₃,
respectively, a strong negative correlation between Mg and Cl, and
strong correlations between Ca and HCO₃ and NO₃ (Table 2).

FIGURE 7
Histograms show the recorded element concentrations in the collected water samples: (A) in winter and (B) in summer.
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Among anions in winter, there is a very strong negative
correlation between SO₄ and HCO₃, and strong positive and
negative correlations between CO₃ and SO₄ and HCO₃,
respectively (Table 2). In summer, the only significant correlation
is a very strong correlation between HCO₃ and CO₃ (Table 2).

In winter, important correlations between trace elements and
cations include K and Co, Na and Sb, As, and Mn (negative for Sb
and Mn), Mg and Al and Ba, and Ca and Cd and Li (Table 2). In
summer, significant correlations include K and Tl, Na and V
(negative), and Mg with Cd, Co, Pb, Li, Mn, and Ni (negative for
Pb, Li, and Mn) (Table 2).

For trace elements and anions in winter, significant correlations
include a strong negative correlation between Cl and Cr, very strong
negative correlations between SO₄ and Al, Cu, and V, a strong
correlation between SO₄ and Be, very strong correlation between
HCO₃ and Cu, strong correlations between HCO₃ and Al and V, a
very strong negative correlation between CO₃ and Al, strong
negative correlations between CO₃ and Cu and Fe, and a very
strong correlation between NO₃ and As (Table 2). In summer,
significant correlations include very strong positive and negative
correlations between Cl and Li and Mo, respectively, strong negative
correlations between Cl and Cd, Co, Ni, and V, strong negative

correlations between SO₄ and Cr, Ni, and V, strong negative
correlations between HCO₃ and Sb, Cu, and Mn, strong
correlations between CO₃ and As and Cr, a strong negative
correlation between CO₃ and Sb, and a strong negative
correlation between NO₃ and Ba (Table 2).

Tables 3 shows that correlation relationships among trace
elements vary more in summer than in winter. In winter, Al is
very strongly correlated with Cu and Fe and strongly with Be, Li, and
V. Sb is strongly correlated with As and Li, Ba with Fe and Mn, and
Fe with Li and Mn. Other strong correlations include Be-Fe, Cd-Li,
Cr-Cu, Co-Ni, Cu-V, and Pb-Se (Table 3). In summer, Al is strongly
correlated with Be, Cu, and Ni, As with Cd, Cr, Co, Li, and V, Ba
with Co and Fe, Cd with Co, Li, Ni, Pb, Mo, and V, Co with Pb, Mo,
Ni, and V, and Li with Ni, V, and Mo. Other strong correlations
include Sb-Cr, Be-Mo, Cu-Tl, Fe-Mn, Mo-V, and Ni-V (Table 3).

4.1.5 Cluster analysis
Cluster analysis is performed on the Ismailia Canal water

samples, and Figure 9 shows the dendrograms of the chemical
data for winter and summer seasons. Four clusters are obtained
in both seasons with similar associations. As shown in Figure 9, TDS
forms cluster 1, while NO₃, K, Mg, CO₃, and all the measured trace

FIGURE 8
Spatial variation of the trace metals’ concentrations along the watercourse of Ismailia Canal in winter (A, C, E) and summer (B, D) seasons.
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elements form cluster 2. Cluster three includes Ca, Na, Cl, and SO₄,
and HCO₃ forms cluster 4.

In both winter and summer seasons, the major ions Na, Ca, Cl,
and SO₄ cluster together, indicating the chemical nature of the canal
water (Figures 9A, B). NO₃, K, Mg, CO₃, and all the measured trace
elements group together, suggesting water pollution is influenced by
human activities and rock weathering processes. HCO₃ is isolated in
a separate cluster, highlighting its role in the bacterial decomposition
and fermentation of organic matter, with HCO₃ being the final
product of these processes, along with the impact of high
evaporation rates in summer (Abdo and El-Nasharty, 2010;
Salem et al., 2019; Yusuf et al., 2018).

4.2 Hydrochemical evaluation

4.2.1 Water types
The Spreadsheet for Water Analyses™ (RockWare Aq•QA), is

used to construct the Piper trilinear diagram, where ion
concentrations are expressed as meq/l, to characterize the water
types in the Ismailia Canal (Piper, 1994). As shown in Figure 10A,
for the winter season, samples fall in the field of ‘no dominant type’
on the cationic triangle, close to the field of ‘Na(K)-type’. On the
anionic triangle, the samples fall in the ‘HCO₃-type’. For the
summer season (Figure 10B), most samples fall in the field of
‘no dominant type’ on the cationic triangle, with one sample in the
‘Na(K)-type’ field. On the anionic triangle, most samples fall in the
‘HCO₃-type’ field, with some in the ‘no dominant type’ field,
showing a linear trend extending from ‘HCO₃-type’ to ‘no
dominant type’.

On the diamond plot for the winter season, samples fall in the
field characterized by the Ca(Mg)-HCO₃water type (Figure 10A). In
the summer season, most samples also fall in the Ca(Mg)-HCO₃
water type field, with some samples falling into the mixed water type
fields (Figure 10B).

4.2.2 Major processes
The Gibbs diagram is used to estimate the main processes

controlling the surface water chemistry in the Ismailia Canal
(Gibbs, 1970). As shown in Figure 11 for both winter and
summer seasons, the surface water samples of the Ismailia Canal
fall in the area dominated by rock dominance. However, the ratio
Na/(Na + Ca) is greater than 0.5 in both winter and summer seasons
(Figure 11A), while the ratio Cl/(Cl + HCO₃) is less than 0.5 in both
seasons (Figure 11B). This suggests that the chemistry of the Ismailia
Canal water might not be solely controlled by rock weathering in its
anion composition and/or evaporation in its cation composition (Lu
et al., 2015; Chai et al., 2024).

5 Discussion

5.1 Water quality

The water quality of the Ismailia Canal and the distribution of
metals have been studied by several authors (Elshobary et al., 2020;
Geriesh et al., 2008; Goher et al., 2014; Stahl and Ramadan, 2008;
Geriesh et al., 2004; Abdo and El-Nasharty, 2010; Abd El-Hady and
Hussian, 2012; Abdo, 2013; Abdo et al., 2012; Abdo et al., 2010; El-
Sayed, 2008; Ibrahim et al., 2009; Khalifa, 2014; Tarek and Ali, 2007;
Youssef et al., 2010). By comparing the obtained results of the
physicochemical parameters of the water samples with the standard
limits for drinking water according to WHO (2017) (Table 4), we
find that the concentrations of ions K, Na, Mg, Ca, Cl, SO₄, HCO₃,
CO₃, and NO₃ do not exceed the standard limits for drinking water.
However, concentrations of Al, Sb, As, Cd, Fe, Pb, and Tl exceed the
respective limits set by WHO (2017).

Based on the drinking water suitability limits for trace elements,
the following elements exceeded the allowable limits: Al (all
samples), Fe (3 and 6), pb (1, six and 7) and Ti (2). While in the
summer, the following elements exceeded the limits of suitability: Al

TABLE 2 Pearson’s correlation analysis of the physicochemical parameters of the collected water samples.

Frontiers in Environmental Science frontiersin.org11

El-Said Salem et al. 10.3389/fenvs.2024.1475082

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1475082


(all samples), Sb (7), Cd (1 and 2), Fe (2, three and 7) and Ti (all
samples). The diversity of pollution in one season is attributed to the
difference in pollution sources along the canal path, and the
difference between the two seasons is due to the difference in the
interaction between the canal water and the groundwater (Salem
et al., 2019; Geriesh et al., 2008).

The general assessment of the drinking water quality of the
Ismailia Canal was calculated by WQI, taking into account the
chemically measured elements and their relative weight in water
quality. The samples under study showed quality from excellent to
good (Figure 12). It was also noted that in the winter the upstream
samples towards Cairo are of lower quality than those of the
downstream towards Ismailia. As for the winter, there is no
specific trend where the highest value of WQI is noticed in
sample six and the lowest value is in sample 4.

National Academy of Sciences and the National Academy of
Engineering (1972) recommended maximum concentrations of

trace elements for irrigation purposes (Table 5). The current
results revealed that the water of the Ismailia Canal is safe for
both long- and short-term irrigation uses in the two seasons except
Mo and Se in summer season. Mo exceeds the recommended limit
for long-term use but is safe for short-term use, while Se exceeds the
recommended limits for both long- and short-term uses (NAS/NAE,
1972; Pratt, 1972; Ayers and Westcot, 1985; Davis and Dewiest,
1966; Puntamkar et al., 1988; Yasmin et al., 2019; Rowe and Abdel-
Magid, 1995; Fipps, 2015; Gupta and Gupta, 2003; 2015).

5.2 Pollution index of metals (PIm)

Pollution indices of metals (PIm) are calculated to estimate the
pollution effect of each metal on the Ismailia Canal water quality for
drinking and irrigation purposes in both winter and summer
seasons. Table 6 presents the results of the PIm. Based on WHO

TABLE 3 Pearson’s correlation analysis of the trace elements of the analyzed water samples.
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(2017) guidelines for trace elements in drinking water (Table 4), the
canal water is strongly affected by Al and Tl in both winter and
summer seasons. Additionally, it is slightly affected by As and Pb in
the winter season, and by Cd and Fe in the summer season.

For irrigation purposes, based on the recommended maximum
concentrations of trace elements for long-term use in irrigation
water (Table 5) adapted from the National Academy of Sciences and
the National Academy of Engineering (NAS/NAE, 1972) and Pratt
(1972), the elements have no significant effect on the canal water
quality in the winter season. However, in the summer season, the
canal water is slightly affected by Mo and Se.

5.3 Seasonal variation in water chemistry

The presented results reveal that the canal water is slightly
alkaline, with pH values within the standard limits for freshwater
(WHO, 1993). Based on the obtained TH values, the canal water has
moderate hardness (Dhok et al., 2013; Gebresilasie et al., 2021;
McGowan, 2000; Ramya et al., 2015; Rout and Sharma, 2011; Singh
et al., 2021; Kothari et al., 2021). Salinity is low in both seasons but
higher in winter than in summer. All major ions showed relatively
higher concentrations in winter compered to summer. This is could

be attributed to the interaction between the low level canal water and
groundwater during winter especially during the drought period
from January to February. During summer, canal water level
increased due to receiving large amount of Nile water which
leads to an inverse relationship with groundwater, which results
in reducing the salinity of the canal water (Salem et al., 2019; Abdo
and El-Nasharty, 2010; Elhaddad, 2014; Yusuf et al., 2018; Abdel-
Satar et al., 2017; Islam et al., 2015). Unlike other ions, NO₃ has
higher concentrations in summer, likely due to increased irrigation
practices and the canal receives more irrigation waste water (Geriesh
et al., 2004).

Seasonal variations in trace element concentrations might be
due to natural processes like water-rock interactions and human
activities such as agriculture, industrial activities, urbanization, and
road maintenance (Geriesh, 1994; Geriesh and El-Rayes, 2001;
Ghodeif et al., 2011; Geriesh et al., 2008; Stahl et al., 2009).
Fluctuating pH might alter the chemical state of many pollutants,
changing their solubility and transport between canal water and
sediments (USEPA, 2021).

Correlation analyses (Tables 2 and 3) show varying correlation
strengths and directions between the physicochemical parameters of
the canal water in winter and summer. In winter, pH strongly
correlates with SO₄ and CO, in contrast, pH weakly correlates with

FIGURE 9
Dendrograms show the ions associations in Ismailia canal water samples in winter (A) and summer (B) seasons.
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FIGURE 10
Piper diagrams show the hydrochemical types of the water samples of Ismailia canal in (A) winter and (B) summer.

FIGURE 11
(A, B) Gibbs diagrams of the surface water of Ismailia canal in winter and summer seasons.
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SO₄ and very strongly negatively with CO. The relationship between
pH and HCO₃ remains strong and negative in both seasons.
Variations in Al, As, Cd, Co, Cu, and V concentrations might be
associated with the changes in pH, which revealed from the strong
negative correlations between pH and these elements (Algül and
Beyhan, 2020). K, Na, and Cl ions are the most effective in
determining canal water salinity in winter, as shown by strong
correlations with TDS. However, Na, Ca, HCO₃, CO₃, and NO₃ have
the major effect on water salinity during summer as indicated by
strong correlations with TDS.

Piper and Gibbs diagrams (Figure 10; Figure 11) indicated that
the canal water is mainly of the Ca(Mg)-HCO₃ type in both seasons,

with mixed types in some summer samples. Water-rock interaction
is the major process affecting canal water chemistry.

5.4 Anthropogenic contamination sources

The Ismailia Canal passes through heavily populated areas, making
it susceptible to domestic and industrial discharges. Rainwater drainage
can also contribute to metal and organic material accumulation in the
canal water. Roads surrounding the canal represent another potential
contamination source. Natural sources of metals in water primarily
include mineral weathering (Klavinš et al., 2000). Industrial effluents,
non-point pollution sources, and changes in atmospheric precipitation
can locally increase metal concentrations. Airborne contaminants may
deposit directly into the canal water or wash into it after deposition on
land (Abdo and El-Nasharty, 2010; NISC, 2005). The most abundant
sources of metals are anthropogenic, related to agricultural and
industrial activities (Jaskuła et al., 2021; Cymes et al., 2017; Nguyen
et al., 2020).

Cluster analysis confirms that TDS, ions, and trace elements
form the same four clusters in both winter and summer (Figure 9).
HCO₃, representing a separate cluster, is mainly produced by
organic matter decomposition. The grouping of NO₃ and trace
elements in one cluster indicates the impact of human activities
(Salem et al., 2019; Abdo and El-Nasharty, 2010; Yusuf et al., 2018).

5.5 Water quality assessment for drinking
and irrigation

Based on WHO (2017) drinking water standard and WQI,
chemically Ismailia Canal water is suitable for drinking and most
measured parameters are within limits in both seasons, except for Al,
As, Fe, Pb, and Tl, which exceed limits in winter, and Al, Sb, Cd, Fe,
and Tl, which exceed limits in summer (Table 4). The canal water is
strongly affected by Al and Tl in both seasons and slightly affected by
As and Pb in winter, and by Cd and Fe in summer, as indicated by
the pollution indices of metals (Table 6; Figure 13).

Heavy Metals are defined as metal and metalloid elements and
they are one of the main environmental hazards to be concerned
about. According to WHO, the majority of heavy metals are
hazardous and pose a risk to public health (Csata et al., 1968).
Cr, Cd, Ni, and As are classified as carcinogens among the hazardous
heavy metals found in surface water (Aendo et al., 2022). TL can
cause both acute and chronic poisoning (Liu et al., 2018). The
potential hazard risk of Cu to aquatic creatures is the highest ranking
(Donnachie et al., 2014). Zn presents more health concerns through
the water-food chain and has a large capacity for bioaccumulation
(Cui et al., 2021). Co is considered potentially harmful metal because
of their toxicity and effects on the ecosystem (Cui et al., 2021). Fe is
necessary for humans’ biological systems to function normally
(Gülay et al., 2018). Fe deficiency is the root cause of anemia.
Conversely, too much iron is bad for people. Haemochromatosis,
which results from excessive Fe consumption, damages tissue
because of Fe accumulation. Fe poisoning in humans initially
manifests as intestinal damage, diarrhea, and vomiting (Smith
et al., 2017). Al is also a suspected causative agent of neurological
disorders such as Alzheimer’s disease and presenile dementia.

TABLE 4 Drinking water standard limits (Si) according to WHO (2017)
guidelines and the concentration ranges of the physicochemical
parameters of the canal water in winter and summer seasons. The bold
parameters ranges exceeded their equivalent standard limits.

Parameter Si (μg/L) Winter range Summer
range

pH 8.5 8.08 - 8.29 7.64 - 7.98

EC (μS/cm) 1500 510 - 543 357 - 476

TH (mg/L) 500 114 - 117 85 - 110

TDS (mg/L) 500 326 - 347 228 - 305

K (mg/L) 12 8.48 - 9.0 4.32 - 9.33

Na (mg/L) 200 45.7 - 50.1 27.82 - 48.09

Mg (mg/L) 50 7.48 - 7.75 4.37 - 4.58

Ca (mg/L) 75 33.41 - 34.23 26.9 - 36.87

Cl (mg/L) 250 25.32 - 42.02 22.81 - 38.17

SO4 (mg/L) 250 31.36 - 47.86 26.68 - 35.71

HCO3 (mg/L) 120 134.2 - 167.2 81.82 - 119.84

CO3 (mg/L) 350 3.13 - 4.82 2.45 - 3.81

NO3 (mg/L) 50 7.92 - 11.76 11.18 - 12.76

Al (μg/L) 200 621 - 985 437 - 1029

Sb (μg/L) 20 0.0 - 18.8 0.0 - 24.1

As (μg/L) 10 0.0 - 13.9 0.0 - 2.9

Ba (μg/L) 1300 43.5 - 48.1 0.0 - 6.0

Cd (μg/L) 3 0.4 - 1.0 1.6 - 4.3

Cr (μg/L) 50 0.0 - 0.6 1.9 - 3.5

Cu (μg/L) 2000 2.8 - 8.9 1.2 - 3.0

Fe (μg/L) 300 44.6 - 347 175 - 807

Pb (μg/L) 10 0.0 - 16.7 0.0 - 7.9

Mn (μg/L) 400 35.4 - 67.8 47.2 - 139

Ni (μg/L) 70 0.0 - 15.4 4.4 - 7.4

Se (μg/L) 40 0.0 - 5.6 0.0 - 27.6

Tl (μg/L) 2a 0.0 - 12.4 5.0 - 12.9

V (μg/L) 50 1.8 - 4.2 4.2 - 12.8

abased on USEPA (2008).
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For irrigation purposes, all trace elements are within the
recommended maximum concentrations for long- and short-term
irrigation, except Mo and Se, which exceed recommended
concentrations for long-term use (Table 5). The concerned
elements have no effect on canal water quality for irrigation in
winter, but in summer, the water is slightly affected by Mo and Se
(Table 6; Figure 13).

5.6 Sustainability and environmental impact

The findings from the Ismailia Canal study have significant
implications for sustainability and environmental management,
both locally and globally. Water quality is a critical factor in
maintaining sustainable ecosystems and ensuring the health
and wellbeing of human populations (e.g., Keeler et al., 2012;

FIGURE 12
Seasonal and spatial change in WQI along Ismailia Canal.

TABLE 5 Recommended maximum concentrations of trace elements in irrigation water. The bold parameters’ ranges exceeded their equivalent
Recommended maximum concentrations of trace elements in irrigation water for long-term use.

Element (μg/L) For long-term use For short-term use Measured range

Winter Summer

Al 5,000 20,000 621 - 985 437 - 1029

As 100 2000 0.0 - 13.9 0.0 - 2.9

Be 100 500 0.3 - 0.6 0.0 - 2.7

Cd 10 50 0.4 - 1.0 1.6 - 4.3

Cr 100 1000 0.0 - 0.6 1.9 - 3.5

Co 50 5,000 0.8 - 1.1 1.2 - 5.2

Cu 200 5,000 2.8 - 8.9 1.2 - 3.0

Fe 5,000 20,000 44.6 - 347 175 - 807

Pb 5,000 10,000 0.0 - 16.7 0.0 - 7.9

Li 2,500 2,500 8.1 - 8.4 5.2 - 11.0

Mn 200 10,000 35.4 - 67.8 47.2 - 139

Mo 10 50 0.0 - 0.0 5.8 - 12.5

Ni 200 2000 0.0 - 15.4 4.4 - 7.4

Se 20 20 0.0 - 5.6 0.0 - 27.6

V 100 1000 1.8 - 4.2 4.2 - 12.8
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Bunch et al., 2011). This study’s insights into the seasonal
variations in water chemistry and the identification of
pollution sources are crucial for developing effective water
management strategies.

The Ismailia Canal serves as a vital freshwater resource for the
eastern Nile Delta, supporting agricultural, industrial, and domestic
needs (Geriesh et al., 2008; Goher et al., 2014; Geriesh, 1994; Geriesh
and El-Rayes, 2001; Ghodeif et al., 2011; Stahl and Ramadan, 2008).
Ensuring the canal’s water quality is essential for sustainable water
management. By identifying key pollutants such as Al, Sb, As, Cd,
Fe, Pb, and Tl, and understanding their seasonal variations, this
study provides a foundation for targeted mitigation efforts.
Implementing measures to reduce these contaminants can
improve water quality and ensure the long-term availability of
clean water for various uses.

The presence of heavy metals and other pollutants in the canal
poses significant risks to both aquatic ecosystems and human health.
Metals like Al, Pb, and Cd are known to have toxic effects on aquatic
life (e.g., Okereafor et al., 2020; Baby et al., 2010), which can disrupt
ecosystems and reduce biodiversity. By addressing the sources of
these pollutants, such as industrial discharges and agricultural
runoff, we can protect the health of aquatic ecosystems. This is
particularly important in regions like the Nile Delta, where water
bodies are integral to local biodiversity (e.g., Abdel-Raheem et al.,
2024; Redeker and Kantoush, 2014). Water pollution is a global
issue, and the challenges faced by the Ismailia Canal are reflective of
broader trends seen in many parts of the world. Rapid
industrialization, urbanization, and agricultural expansion

contribute to the degradation of water quality in numerous
regions (e.g., Akhtar et al., 2021; Zhang et al., 2019; Ren et al.,
2014). Studies like this one provide valuable data that can be used to
inform global water management policies. By sharing knowledge
and strategies, regions facing similar challenges can develop more
effective solutions to combat water pollution and promote
sustainable practices.

Climate change exacerbates the challenges of maintaining water
quality by altering precipitation patterns (e.g., Murdoch et al., 2000;
Whitehead et al., 2009), increasing the frequency of extreme weather
events, and affecting water availability. The seasonal data from the
Ismailia Canal highlight the importance of adaptive management
strategies that can respond to these changes. Understanding how
water chemistry varies with seasons allows for the development of
flexible water management plans that can better cope with the
impacts of climate change.

Establishing a continuous monitoring program for the Ismailia
Canal will help track changes in water quality over time and assess
the effectiveness of implemented mitigation measures. This will also
provide data to anticipate and respond to emerging threats. Efforts
should be made to control pollution at its source, particularly
targeting industrial effluents and agricultural runoff.
Implementing stricter regulations and promoting best practices in
agriculture and industry can significantly reduce the input of
harmful contaminants into the canal.

This study of the Ismailia Canal underscores the importance of
monitoring and managing water quality to ensure sustainability and
protect environmental health. By addressing the challenges

TABLE 6 Pollution indices of metals in the cluster groups of groundwater samples according to the WHO (2017) for drinking water.

Drinking Irrigation

Winter Summer Winter Summer

Metal PIm Metal PIm Metal PIm Metal PIm

Al 4.12 d Al 3.95 d Al 0.16a Al 0.16a

Sb 0.66a Sb 0.85a As 0.10a As 0.02a

As 0.98b As 0.21a Be 0.005a Be 0.02a

Ba 0.04a Ba 0.003a Cd 0.08a Cd 0.32a

Cd 0.25a Cd 1.08b Cr 0.004a Cr 0.03a

Cr 0.01a Cr 0.06a Co 0.02a Co 0.08a

Cu 0.003a Cu 0.001a Cu 0.03a Cu 0.01a

Fe 0.83a Fe 1.95b Fe 0.05a Fe 0.12a

Pb 1.18b Pb 0.56a Pb 0.002a Pb 0.001a

Mn 0.14a Mn 0.26a Li 0.003a Li 0.003a

Ni 0.16a Ni 0.09a Mn 0.27a Mn 0.52a

Se 0.10a Se 0.49a Mo - Mo 0.97b

Tl 4.38 d Tl 4.89 d Ni 0.05a Ni 0.03a

V 0.06a V 0.19a Se 0.20a Se 0.98b

V 0.03a V 0.10a

aNo effect, b: Slight effect, c: Moderate effect, d: Strong effect, e: Serious effect.

Frontiers in Environmental Science frontiersin.org17

El-Said Salem et al. 10.3389/fenvs.2024.1475082

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1475082


identified and implementing recommended actions, we can
contribute to a healthier, more sustainable future for the Nile
Delta region and beyond.

6 Conclusion

The Ismailia Canal is a crucial surface freshwater source for
various purposes in the eastern Nile Delta region. However, the
canal is at risk from unwise direct and indirect activities in the
surrounding environments. The canal water is slightly alkaline and
moderately hard, with higher salinity in winter than in summer.
Major cations and anions have relatively higher concentrations in
winter, while NO₃ is higher in summer. The canal water is primarily
of the Ca(Mg)-HCO₃ type, mainly influenced by rock-water
interactions. The water chemistry suggests that the canal is not
solely controlled by rock weathering or evaporation.

Based on WHO (2017) drinking water quality standards, most
physicochemical parameters are within the standard limits, except
for Al, Sb, As, Cd, Fe, Pb, and Tl. The water is strongly affected by Al
and Tl in both seasons, slightly affected by As and Pb in winter, and
slightly affected by Cd and Fe in summer. For irrigation purposes, all
trace elements are within the recommended maximum
concentrations for long- and short-term use in winter. However,
in summer, Mo and Se slightly affect the water quality for
long-term use.

To reduce the serious surface water pollution status and maintain
environmental sustainability, it is crucial to replan the waste water
discharge systemof the residential, industrial, and agricultural activities
along the canal banks. In order to safeguard the environment and the
health of the many populations in the area, it is advised that they
receive further education and communication training. In addition, the
government must keep a close eye on the canal’s water pollution.
Encouraging the local people, industrial owner as well as others, to
apply sustainable wastewater treatment systems to reduce canal water
pollution and raising awareness of local stakeholders of the potential of
nature-based water treatment systems to contribute to addressing
critical sustainability challenges is essential.
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