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Abstract The Nile River is the major source of water and
soils in Egypt. Silt is the main soil component of it. The Nile
is one of the international rivers; it passes through ten coun-
tries in Africa and is divided into two branches, Rosetta and
Damietta at the end of the River. A hydrochemical facies study
of the Rosetta branch was done. The geochemical processes
which control the water quality and its suitability for drinking,
fishing, and irrigation purposes were evaluated. Thus, the
hydro-environmental status is studied. Fifteen water samples
were collected for determining the physical and chemical pa-
rameters. The results show that several parameters are above
the desired limits. High concentrations of total dissolved
solids (TDS), electrical conductivity, total alkalinity, ammonia
(NH3), electrical conductivity (EC), biological oxygen de-
mand (BOD), chloride (Cl−), and sulfate (SO4

2−) were found.
While a reduction in dissolved oxygen (DO) in the drains,
especially Tala and El Rahawy drains, were noticed. In addi-
tion, residual sodium carbonate (RSC), sodium adsorption
ratio (SAR), sodium percent (Na %), and magnesium hazard
(MH) were measured. The results show that the salinity values
for the selected samples minimized their utilization for irriga-
tion. The results indicate that the main geochemical process in
the study area is cation exchange and evaporation which con-
trol the main ion distribution.
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Introduction

Water resources in Egypt

Nile River is the main source of the water in Egypt; it covers
more than 95% of the Egyptians’ freshwater demands.
Seventy-eight million people live along the Nile in an area
about 4% of the total area of Egypt (Abdel-Wahaab and
Mohy 2011). The Nile travels along with 950 km in Egypt
starting from south of Egypt at Aswan (Abdel-Dayem 2000).
It ends at Cairo in the north, where it divides into two
branches, Rosetta and Damietta branches. The Nile receives
about 45 BCM per year of water (Allam and Gamal 2007).
Egypt is classified as an arid area due to the lack of rainfall
which does not exceed 1.0 BCM/year (Abdin and Gaafar
2009). The annual flood water is about 1.0 BCM. This flash
flood supports the groundwater storage by 0.82 BCM every
year (Abdel-Dayem 2000).

Sources of the pollutants

The industrial areas in Egypt suffer from many environmental
problems, such as industrial wastes. Industrial wastes are dis-
posed into the Nile River. In addition, the discharges of do-
mestic and agricultural wastes are thrown also into the river
without any pre-treatment (Wahaab and Mohamed 2004).
This causes water quality degradation. In addition, the
leaching of pesticides and fertilizers affects the water quality,
too. One hundred twenty-eight drains discharge their effluents
directly into the Nile, 72 drains from agricultural areas, and 56
drains of industrial type (El-Bouraie et al. 2011). Furthermore,
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a huge amount of untreated domestic sewage is disposed di-
rectly into the Nile River. Only about 24% of Egyptians have
sanitation services, and about 5% of their homes are connect-
ed to the national sewerage system (Abdel-Shafy and Aly
2002). A great number of factories discharge their wastes di-
rectly to the Nile or into agricultural drains linked to the River.
Wastewater plants release about 555 MCM of poorly treated
water per year, and this water is directly disposed into the Nile
River (312 MCM in the mainstream, 118 MCM in canals, 74
MCM in drains, and 51MCM in lakes) (Abdel-Shafy and Aly
2002).

Water problem in Egypt

Egypt depends principally on conventional water resources.
Egypt also suffers from a decrease in the water amounts com-
ing from Ethiopia due to the Elnahda dam. Its capital city,
Cairo, is the largest city in the Middle East; it has about 20
million with exponential population growth (Wagdy 2009).
Due to the rapid growth of the population and the increase
in industrial demand, the per capita of the available water is
continuously decreasing. This causes a decline in the per
capita of water from 1950 with 2200 to 700 m3 in 2013
(Wagdy 2009). Nowadays, a lot of the Egyptians suffer from
lack of water, especially in rural regions. The agriculture de-
mand consumes about 80% of the water supplies while the
domestic and industrial demands consume about 10 and 9.5%,
respectively (CEDRAE 2011). Surface water in Egypt is ex-
posed to contamination, causing harm to human and aquatic
ecosystem. In addition, 80% of untreated industrial sewage of
factories is discharged into the river (ADB 2009). The Nile
River water quality considerably affects the Egyptians health.
This is because the Nile River is still considered as the main
source of freshwater in the country (Abdel-Wahaab andMohy
2011). The increased water contamination causes a rapid in-
crease in severe diseases such as hepatitis, kidney failure, and
congenital heart disease (Bottoms 2014). Egypt is the first
country suffering from hepatitis C virus, and about 20% of
the infected people are infected from drinking water. Bottoms
(2014) shows that 5.5% of the total deaths in Egypt are caused
by the polluted drinking water. The water for agricultural pur-
poses is pumped out directly from the river without any treat-
ment, while the drinking water is poorly treated in treatment
plants.

Rosetta branch

The Rosetta branch covers 239 km in the northwestern border
of Egypt. Its depth ranges from 2 to 4 m, and its width aver-
ages 180 m (Negm et al. 2011). It is used for drinking, fishing,
and irrigation purposes. The daily flow of the Rosetta
branches averages 21,500,000 m3/day (Negm et al. 2011).
The drains receive domestic, industrial, and agricultural

wastes. These wastes are disposed directly into the Rosetta
branch without any treatments. It was reported that more than
900 MCM of wastes from the Greater Cairo area of agricul-
ture, domestic, and industrial wastes discharges monthly in the
Rosetta branch (El-Barbary et al. 2008). Abdo (2002) showed
that the El-Rahawy drain is considered as the major contam-
ination source along the Rosetta branch. It was shown that the
El Rahawy drain is highly polluted by organic and inorganic
contaminants (El-Bouraie et al. 2011; Ezzat et al. 2012). This
pollution damages aquatic life (Raju et al. 2009; Singh et al.
2007; Belkhiri et al. 2010).

This work investigates the classification of potential con-
taminants and evaluates the suitability of water for drinking
and fishing. Hydrochemistry of the Rosetta water and the
sources responsible for its hydrochemistry changes are
assessed too. This study is different from other previous ones
in recognizing the geochemical processes controlling the wa-
ter quality. In addition, it determines the hydrochemistry facies
of the studied water. In addition, the irrigation function (sodi-
um adsorption ratio (SAR), residual sodium carbonate (RSC),
sodium percent (Na%), and magnesium hazard (MH)) is cal-
culated to identify hydro-environmental status.

Material and methods

Sampling

Study area

The study area extends 120 km along the Rosetta branch
(Fig. 1). Fifteen stations were selected (Table 1), starting from
upstream of the El-Rahawy drain to downstream of the Tala
drain, including five drains (EL-Rahawy, Sabal, Zawiet El-
Bahr, El-Tahreer, and Tala). Three stations at each drain (up-
stream, outfall, downstream) were selected.

Physicochemical analyses

Water samples were collected in winter 2014. The samples
were collected in triplicate from the study area in polyethylene
bottles (Ramizankhani et al. 2008a, b) by water samplers. The
bottles were rinsed primarily with distilled water to reduce the
possibility of any pollution. The samples were kept in ice
boxes and transported directly to the laboratory. The samples
were preserved for physicochemical parameters. The pH, tem-
perature, electrical conductivity (EC), total dissolved solids
(TDS), and dissolved oxygen (DO) were determined in the
field in situ by a multi-probe system model Hydrolab
Surveyor.

Physical and chemical analyses were done according to
standard methods of APHA 2012 (Al-Sabahi et al. 2007).
The concentrations of sodium (Na), potassium (K), calcium
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(Ca), and magnesium (Mg) ions were measured by atomic
absorption spectroscopy and flame photometry (Perkin-
Elmer Corporation). While the concentrations of bicarbonate
(HCO3) and chloride (Cl) were estimated by titration. On the

other hand, sulfate (SO4) was determined by colorimetric and
turbid metric methods.

An Aquachem program was used for hydrochemistry plot-
ting and irrigation assessment parameters.

Results and discussions

Physical and chemical analysis

To evaluate the suitability of water for different purposes, the
physicochemical parameters were determined (Table 2). The
pH values of the investigated samples vary from 7 to 8. The
samples are neutral to slightly alkaline. The relatively lower
value of pH at the station (II) of the El Rahawy drain outlet of
7 ± 0.06 may be due to lower actions of phytoplankton and
fungal bacterial activities. EC of the studied water collected
from the area ranges from 377 to 1625 μmoh/cm. The EC and
TDS values are greater than the permissible limit in some
sites. Generally, conductivity is correlated with the concentra-
tions of total salt content and chlorosity. HCO3

− is the prevail-
ing ion in the Rosetta branch, and it ranges from 152.3 to
426.6 mg/l. HCO3

− is the main anion in the samples due to
the great amount of organic matter accessible to bacterial de-
composition via increasing effluents (Toufeek and Korium

Fig. 1 Map of the studying area
of the Rosetta branch

Table 1 Sites of the stations in Rosetta branch

Stations

I El Rahawy drain upstream

II El Rahawy drain outlet

III El Rahawy drain downstream

IV Sabal drain upstream

V Sabal drain outlet

VI Sabal drain downstream

VII El Tahreer upstream

VIII El Tahreer outlet

IX El Tahreer downstream

X Zawiet El Bahr drain upstream

XI Zawiet El Bahr drain outlet

XII Zawiet El Bahr drain downstream

XIII Tala drain upstream

XIV Tala drain outlet

XV Tala drain downstream
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2008). SO4
2− concentrations range from 31.5 to 322.6, while

Cl− concentrations range from 22.9 to 214.6 mg/l. High chlo-
ride levels in drains could be related to the effluent of sulfur
compound (Abdel-Satar and Elewa 2001). It may be also at-
tributed to the drought period. In addition, it may be related to
the agricultural runoff which discharges into drains after the
washing of some reclaimed lands, i.e., Ca2+ values show var-
iation from 34.3 to 74.5 mg/l (Cerling et al. 1989).
Furthermore, Na+ is a widespread cation, which ranges from
32.1 to 187.4 mg/l. The drains have higher concentrations of
SO4

2− and Cl− than other samples, while CO3
− concentrations

are not detected in all samples. Mg2+ values show a variation
from 7.2 to 28.9 mg/l whereas K+ concentrations range from
7.5 to 30.5 mg/l. It is found that the order of predominance of
anions of the Rosetta branch is HCO3

− > SO4
2− > Cl− > CO3

−

while the cations show Na+ > Ca2+ > Mg2+ > K+

arrangement.
The relatively high concentrations of SO4

2− and Cl− in the
investigated drains predict that potassium and sodium came
from a mix of different contaminated sources of water
(Karmegam et al. 2011). The higher concentrations of Na+

may be due to the chemical fertilizer. Na+ has higher concen-
trations than Ca2+; this could be related to the ion exchange
process Ca2+ values increased due to [Ca(H2SO4)2+ Ca
(HPO4)] fertlizers. The lower concentrations of K+ are due
to high adsorbtion of K+ thanNa+ (Goher 1998). Also, it could
be attributed to take of K+ from surface water by organisms.
Naik et al. 2009 found in the Koyna River that most of the
water samples are controlled by alkaline earths (Ca2+, Mg2+)
and weak acids (HCO3

−, CO3
2−). This result emphasizes on

the suggestion that the running surface waters (i.e., rivers) are
characterized by their high Ca2+ and Mg 2+ concentrations.

Table 3 shows a positive correlation between Na+ and Cl−,
Na+ and SO4

2−, and K+ and SO4
2− representing that these ions

may be derived from common sources. The positive correla-
tion of the ions Na+, K+, SO4

2−, Cl−, and K+ suggests good
indication of the influence of agricultural fertilizers in this
region (Subba Rao et al. 2012).

Hydrochemical facies

The Piper trilinear diagram (Piper 1944) is a technique applied
for the description of hydro-chemical progress and reorgani-
zation of the dominant processes.

Five hydrochemical facies are shown in the Piper trilinear
diagram (Piper 1944). They have been recognized as Na-Ca-
Mg-HCO3-Cl, the major facies (52%), Na-Ca-Mg-HCO3-
SO4-Cl (24%), Ca-Na-Mg-HCO3-SO4 (12%), Ca-Mg-Na-
HCO3 (6%), and Na-Ca-Cl-HCO3 (6%), depending on major
ion chemistry. The resulted diagram is shown in Fig. 2.

The type of water demonstrates the dispersion of the differ-
ent anion (HCO3

−, Cl−, and SO4
2−) and different cation (Na2+,

Ca2+, andMg2+) contents. The diagram indicates that water is aT
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mix of different sources or evolution pathways under various
complex physicochemical processes (Karmegam et al. 2011).
Figure 2 shows that the predominant type of water is bicarbon-
ate alkaline, with higher alkaline contents and no tendency to a
regime of dominant water types.

TDS are an important factor for wastewater quality evalua-
tion and effluents prior to discharge. The water samples have
relatively high TDS content; it varies from 242 to 1040 mg/l.
Also, the comparatively higher electric conductivity (1625 mg/
l) refers to the higher dissolved load of drains from agricultural
and industrial effluents. The lower concentrations of K+may be
interrupted to its resistance to depletion. The agricultural activ-
ities are responsible for that much more than the potassium
fertilizers (Sharifi and Safari Sinegani 2012).

Geochemical processes

To estimate the change in water geochemistry, it is neces-
sary to know and reorganize the hydrochemical processes
related to it. Normally, the Langelier-Ludwig diagram is
utilized to recognize water deterioration of the study area
(Fig. 3). According to Langelier-Ludwig, the source of
contamination may be indicated by the interruption of
biologic influence problems. This comes after the dis-
charge of untreated domestic and agricultural wastes di-
rectly into the water (Hem 1992).

Langelier-Ludwig diagram (Fig. 3), it shows that sul-
fate and chloride concentrations rise in the El rahawy and
Tala drains. On the other hand, the increase in potassium

Table 3 Correlation coefficient matrix of physicochemical parameters

Correlation
coefficient

Temp pH EC DO K Mg Na CL HCO3 SO4

Temp 1 0.67 0.018 0.57 0.0051 −0.035 0.02 −0.115 0.0075 0.135

pH 1 −0.148 0.758 −0.099 −0.08 −0.218 −0.318 −0.11 0.022

EC 1 −0.406 0.956 0.866 0.953 0.951 0.98 0.961

DO 1 −0.343 −0.29 −0.454 −0.575 −0.364 −0.222
K 1 0.793 0.858 0.88 0.978 0.934

Mg 1 0.768 0.785 0.868 0.861

Na 1 0.957 0.89 0.912

CL 1 0.908 0.857

HCO3 1 0.942

SO4 1

Fig. 2 Piper diagram of major
ion chemistry for investigated
water
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and sodium concentrations results from mixing with dif-
ferent contaminated sources of water (Abdel-Satar and
Elewa 2001). The contaminant concentrations indicate
that the contaminant levels were generally controlled by
the land use type of the area. It is intensive in some re-
gions of the drains due to the change in water quality of
the non-point sources of contamination.

Evaporation

A diagram of Na against Cl− and the Na/Cl ratio against
EC (Fig. 4a, b) demonstrates that evaporation is the main
process that controls the water chemistry. Na+ and Cl−

fluctuated sharply while the unchanged ratio of Na/Cl

(Fig. 4a) suggests that the mineral precipitation is due to
the evaporation process. Also, this indicates that Na+ and
Cl− are derived from the same source (Singh et al. 2007).
Figure 4b shows the Na/Cl ratio against EC, and it has an
almost linear relationship with very little inclination. This
suggests that the high concentration of Na+ especially in
the drains not only resulted from the evaporation process
but also is due to the effect of the land drainage and seep-
age from agriculture wastes. Sodium sources are NaNO3

fertilizers, beside the human activities and domestic wastes
(Reddy and Kumar 2010).

The surface water is contaminated by agricultural and in-
dustrial sewage. It is considered to be unsuitable for drinking
and fishing especially the El Rahawy drain. Thus, this water
requires a specific treatment.

Fig. 3 Langelier-Ludwig
diagram
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Cation-exchange reaction

Distribution of ions in the water is controlled by the most
significant geochemical reactions which is cation exchange
reactions. The excess of Ca2+ related to Na+ can be recognized
as cation exchange reaction. Figure 5a shows the decrease in
Ca2+ cations compared to Na+ cations. This indicates that the
cation exchange reaction takes place in the water (Singh et al.
2005). Also, the relation between Na+ and Cl− can be recog-
nized as cation exchange reaction, which is one source of
increasing Na+. Low concentrations of both Na+ comparable
to Cl+ or excess concentrations of both Na+ and Cl− is an
indication of the cation exchange process (Rajmohan and
Elango 2004). Usually, when cation exchange reaction re-
leases an excess of Na+, it will be balanced by SO4

2− and
alkalinity but not by Cl−. In the same way, when Na+ is pre-
cipitated, an overload of Cl− is balanced by Mg2+ and Ca2+,
but not by Na+.

CAI ¼ Cl− Naþ Clð Þ=Cl

By calculating the chloro-alkaline index (CAI) (Doneen
1964), it can be shown that most of the water samples have
a negative index. This means that in most of the water sam-
ples, cation-anion exchange reaction occurs. Other positive
value indices refer to the replacement of K+ and Na+ with
Ca2+ and Mg2+ in the sediments, representing the base ex-
change reaction (Aghazadeh and Mogaddam 2011). Also,
the diagram of Ca2+ + Mg2+ vs HCO3− + SO4

2− (Fig. 5b)
shows that the results shift to the right side because of the
excess of SO4

2− + HCO3
− and the data located under the

equiline indicating the dominance of ion exchange phenome-
na (Fisher and Mullican 1997). The diagram of Na+ + K+ vs
Cl− (Fig. 5c) shows that all samples located over the equiline
have an extra source of K+ and Na+ from weathering silicate
minerals. Usually, Cl− favors to connect with Na+ and K−

more than Ca2+ and Mg2+. This suggests that Cl−may be used
in forming sodium and potassium chloride, besides formation
of sodium and potassium bicarbonate and sulfate (Tirumalesh
et al. 2010). A high concentration of Na+ compared to Cl−

proposes that Cl− dissolution occurs by the evaporation
process.
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Water quality assessments

To determine the water quality, assessments of its suitability
for drinking, fishing, and irrigation uses should be evaluated
(Dar et al. 2011)

Suitability for drinking uses

Most of the water samples in the study area are not suitable for
drinking purposes. TDS should be less than 500 mg/l to be
suitable for drinking water (WHO 2011); more than 1000mg/l
is unsafe. All the analysed samples from outfall drains’ TDS
are between 500 and 1000 mg/l except the Tala outfall drain
which is more than 1000 mg/l.

On the other hand, high concentrations of Cl− and HCO3
−

have harmful effects on humans (Sharifi and Safari Sinegani
2012). The results show high HCO3

− values for all outfall
drains, but at the other measure stations (upstream, down-
stream), it is in the permissible limit. The values of SO4

2−

are under the permissible limit (100 ml/l) except at the outfall
drains. At low alkalinity, sulfate can cause corrosion of metals.
Also, sulfate can be changed to hydrogen sulfide in anaerobic
conditions, which is the reason of odor corrosion of the sewer
(Shuval et al. 1986). The data show high values of NH3 rang-
ing from 1.5 to 22.6 mg/l. Generally, there is an obvious in-
crease in TDS, EC, and NH3 for the studied drains to be
considered as drinking water (WHO 2011).

Suitability for fishing uses

Dissolved oxygen (DO) is considered to be an important pa-
rameter for evaluating the degree of pollution in water.
Also, DO is essential for estimating the metabolism of aerobic
organisms and it affects organic decomposition, too. At low
oxygen concentrations, the chemicals increase the susceptibil-
ity of fish to toxicity. Oxygen content has an obvious effect on
the dissolution of inorganic nutrients. The conditions of the
environment, whether it is anaerobic or aerobic, can be detect-
ed by oxygen contents. Dissolved oxygen in the investigated
samples, which is less than 0.5 mg/l, is a great problem for
aquatic organisms (Sabre and Abdel-Satar 2001). In the stud-
ied drains, all except the El Tahreer drain are below 5 mg/l,
which produces anoxic condition in the drains especially in
the El Rahawy drain. The low DO of the El-Rahawy drain
may be related to the high concentrations of organic contam-
inants and nutrients which consume the dissolved oxygen
through oxidation processes (Howari and Banat 2002). The
DO of the Nile River is much lower than the standard limits
for the drain waters; the DO varies from 0.5 to 7.4 mg/l.

Ammonia value is more than 1 mg/l. It can be considered
as a sign of organic pollution. If ammonia is higher than
2.5 mg/l, then the water will be toxic to aquatic organisms
(Ghallab 2000). Also, ammonia is a vital compound for

animal production. The results show high values of NH3 rang-
ing from 1.5 to 22.6 mg/l which exceed the permissible limits
of 0.5 mg/l. Higher concentrations of NH3 are an indication of
organic pollution. It may be attributed to an increase in the
denitrification process by bacteria in the water under anaero-
bic conditions of low oxygen levels (Korium and Toufeek
2008). Generally, high concentrations of NH3 and BOD, be-
side a depletion of DO in drains, have a bad effect on fish
especially in the El Rahawy drain. These factors result in that
there are no possibilities of fishing in all drains, and this will
be decreased in the downstream area.

Suitability for irrigation uses

To evaluate the appropriateness of the Rosetta branch for irri-
gation uses, parameters like sodium percent, SAR, and resid-
ual sodium carbonate (RSC) were determined (Table 4).

Sodium percent The sodium values and electric conductivity
are very significant parameters. There are always commensu-
rable substances of dissolved solid in the water used for irri-
gation. These solids are very important for plant growth, be-
sides their effect on soil such as aeration and permeability
(Arveti et al. 2011). Salinization is the unfavorable side effect
of irrigation. The saline soil is formed when the salt concen-
trations are increasing, especially sodium ions. Na % has bad
influences on crop growth and yield. It can damage the soil,
especially with a bad drainage. Na % can be calculated using
the following formula (Todd 1980).

Na% ¼ Naþ Kð Þ � 100= Caþ NaþMgþ Kð Þ

Table 4 Irrigation
assessment parameters RSC SAR MH Na%

I −0.65 1.1 45.6 27.3

II 1.1 3.8 39.1 60.1

III −0.46 2.0 45.2 38.3

IV −1.2 1.41 37.2 42.2

V 0.88 2.7 39.1 48.4

VI −0.01 2.5 47.4 34.1

VII −1.2 1.4 34.1 49.3

VIII −0.30 1.7 30.46 59.1

IX −0.22 1.6 48.5 33.4

X −0.31 1.62 42.2 43.2

XI 0.39 2.6 41.2 38.8

XII −0.56 1.5 39.76 41.5

XIII −0.48 1.5 38.64 39.4

XIV 1.40 4.7 38.7 46.6

XV −0.45 1.7 44.8 38.4
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Na % should not exceed more than 60% for the irrigation
utilizations (Sadashivai et al. 2008). The results range from
23.3 to 60.1%. The high value of Na% causes the weakness of
soil permeability and deflocculation (Brindha and Elango
2012). The concentration of Na+ in the outfall is always great-
er than in the downstream area. This is due to low water level
at winter season in the outfall, while at the downstream area
the levels of water increase causing an increase in leaching of
fertilizer residues into the aquatic ecosystem of the branch
through drains. Also, the high concentrations of Na % in
drains may be due to high salinity of atmospheric water pre-
cipitation (Abdo et al. 2010). This reduces their utilization for
irrigation purposes.

Sodium adsorption ratio The resulted values of sodium for
irrigation water, which is known as the sodium adsorption
ratio (SAR), were divided into four groups C-1, C-2, C-3,
and C4 (USSL 1954). The relative and absolute concentra-
tions of sodium were determined. SAR is calculated using
the following formula:

SAR ¼ Nað Þ= CaþMgð Þ=2½ �1=2

Soil sodium adsorption depends on SAR of water; high
sodium values and low calcium value destroy the soil (Hem
1992).

Irrigation waters are divided into four groups depending on
the sodium adsorption ratio (SAR) as S-1 (<10), S-2 (10–18),
S-3 (18–26), and S-4 (>26). The results of SAR in the water
samples range from 1.1 to 4.7. Salinity categorization was

utilized to the samples. The diagram (Fig. 6) (Richards
1954) shows that about half of the water samples of the
Rosetta branch have medium salinity with low Na ion ex-
change (C2-S1). The other half of the samples have high sa-
linity with low Na ion exchange (C3-S1). This means that the
water samples of drains in the Rosetta branch are classified as
of poor category, and they are harmful to be used for
irrigation.

Residual sodium carbonate Residual sodium carbonate
(RSC) is an amount of carbonate and bicarbonate in excess
of alkaline earth which has affected the convenience of water
for irrigation uses (Ragunath 1987). Its formula is illustrated
bellow in Eq. 4 (Ragunath 1987). Ca2+ and Mg2+ can be
participated when their values are less than the values of bi-
carbonate and carbonate (Todd and Mays 2005). This leads to
an increase in the sodium concentrations as sodium carbonate.
An excess concentration of RSC causes a rise in the sodium
sorption on soil (Eaton 1950).

RSC ¼ CO3 þ HCO3ð Þ− CaþMgð Þ

In the studied samples, RSC values range from −1.2 to
1.14 meq/l. Irrigation water which has RSC values greater
than 5 meq/l will damage the plants. Water with RSC values
above 2.5 meq/l is not appropriate for irrigation uses. All the
RSC samples are below 2.5 meq/l (Dehayer et al. 1997).

Thakur et al. (2016) proved that groundwater in Punjab,
India, is suitable for irrigation in all types of soil through the
results of geochemical analysis of groundwater. They

Fig. 6 The relationship between
SAR and EC characterizing the
irrigation water quality
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conclude that due to some chemical indices such as Na %,
sodium absorption ratio (SAR), and residual sodium carbon-
ate (RSC) parallel with the abundance ions of HCO3

− > Cl− >
SO4

2− > NO3
− and Mg2+ > Ca2+ > Na+ > K+, the analyzed

water is fit for irrigation purposes.

Magnesium hazard Magnesium hazard (MH) values were
also calculated by Szabolcs and Darab’s (1964) formula:

Magnesium ratio ¼ Mg� 100= CaþMgð Þ

An MH value more than 50 is unsafe and unsuitable for
irrigation water proposes (Joshi et al. 2009). In the study area,
all the samples that contain magnesium hazard (MH) are less
than 50. The results range from 30.4 to 48.5.

Conclusions

There are serious problems of contamination found in the
Rosetta branch. This is due to the increase in waste discharge
along drains into the Rosetta branch. More attention must be
given to reduce the contamination from these drains because
of their effects which become significant. Extreme Nile dis-
charge within the Rosetta branch and severely contaminated
irrigation drains could relieve the problem of salinity concen-
tration. Therefore, constant monitoring of the water quality of
Nile is required to notice any change in the quality and reduce
outbreaks of health disorders. Also, it will decrease the harm-
ful influences on the aquatic ecosystem especially after de-
creasing the water level due to the Ethiopia dam. The surface
water is contaminated by agricultural and industrial sewage,
and it is considered to be unsuitable for drinking and fishing
especially the El Rahawy drain. The Rosetta branch is domi-
nated by HCO3

− anions. Hydrochemical reaction modeling
shows that the cation exchange process and evaporation pro-
cesses are the domain processes that determine the water
chemistry in the study area. The water types of the drains
resulted from different contamination sources under various
physicochemical processes.
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