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ABSTRACT

The focusing of paper was aiming to the relation between groundwater types and soil characteristics to
select the plant suitability index. Potential sources of groundwater recharge of both water and solutes
to the quaternary aquifer and the upward flow of groundwater from the underlying Miocene aquifer
system. Water samples were analyzed for their physical, chemical properties, besides of the major
chemical compositions, ionic ratio A) HCOs/CI;B) Na/Ca ;C) Na/Cl;D) Ca/Cl;E) Mg/CI;F) K/CI;G)
SO4/CLI;H) Mg/Ca;I) Ca/SO4;J) Ca/HCO3;K) CEV;L) SAR;M) Na/(Cat+Mg);N) HCO3/(Cl+SQOs) ;0)
Ca/(SO4+HCOs) was used to delineate saline water intrusion. The chemical reactions responsible for
the chemical constituents and salinity in the aquifer include silicate weathering, evaporate dissolution,
and carbonate precipitation. Most of groundwater samples appear to lie at/or close to equilibrium with
clay minerals where clay minerals are quite common in the local soils of the quaternary aquifer.
Irrigation management led to a better use of the available groundwater. Soil texture is variable from
clay to coarse sand at the soil surface. Hypothetical salts combination and sodium adsorption ratio in
groundwater & fresh water of Ismailia canal and soil profiles were tested. In using our lands for
reclamation, one should evaluate the soil resources for land suitability for crops. Land suitability maps
are prepared using the Geographic Information System, and the soil properties are analyzed and
evaluated for most irrigated crops in Ismalia Land suitability maps are prepared using the Geographic
Information System (GIS), and the soil properties are analyzed and evaluated for most irrigated crops
in Ismalia. Results indicated that the area under investigationis currently suitable (S2) and marginally
suitable (S4) for semi-annual and permanent crops. The main limitations revealed in the soils were soil
texture, drainage, and soil salinity.

Keywords: Hydrogeochemical facies, Hypothetical salts, lonic ratios, Soil profile and analysis,
Groundwater contamination, Soil fertility, Suitability of agriculture crops,Soil & water
quality

1. Introduction

Land reclamation has been done in Egypt with great exertions to increase it. Investments have
been increased to turn country from poor desert into green productive area. Land reclamation is progress
in Egypt due to the presence of high groundwater aquifers content with moderate quality and deep sandy
soil texture. Some wastewater of domestic industrial or agricultural activities had seepage to
groundwater aquifers. The quality of groundwater depends on the load and behavior of the contaminants
in addition to geological and hydrogeological factors that monitoring the flow and scuttle of the
contaminants. Groundwater chemistry is largely a mission of the bedrock composition of the aquifer
through which it flows. The hydro chemical processes and hydro geochemistry of the groundwater
modify spatially and temporally, depending on the geology and chemical composition of the aquifer.
Hydro geochemical processes such as dissolution, precipitation, ion exchange processes and the
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presence time with flow path control the chemical composition of groundwater (Apodaca et al., 2002;
Martinez and Bocanegra, 2002; Etu-Efeotor and Odigi, 1983; Amajor, 1986 and Amadi et al., 1989).
Hydro chemical evolution of groundwater using chemical data from environmental geochemistry are
Studied. Increasing of population and rapid urbanization has made groundwater the basic origin of water
supply. Understanding of the hydro geochemical processes that take place in the aquifer system is major
priority. To improve water management of area will establish a basis for developing an appropriate
monitoring programme and therefore (Etu- Effeotor, 1981; Udom et al., 1999 and Nwankwoala ef al.,
2007). It has become necessary to study the quality of groundwater and the processes that control the
concentration of major constituents in the area. Therefore, it is very pressing that adequate hydro-
geological and hydro chemical data be studied; in order to assess the hydro chemical characteristics,
study the ionic interactions as well as the hydro geochemical facies distribution. Achieving these aims
will establish a basis for developing an appropriate monitoring programme and therefore improved
management of the groundwater resources of the area. Because of the real complication and site location
of the soil-water-pollutant interactions, groundwater has been polluted; contaminants’ fate in the
aquifers is doubtful (Foster and Chitlon, 2003). Thus, pollution prevention and control should be a clue
component of groundwater management. As a result of human activities, aquifer pollution risk
assessment are studies more likely to be polluted, have been used as tools for groundwater pollution
prevention and control (Shrestha et al., 2016). Last studies were implemented on geomorphology and
geology of the study area. Some studies were noted in the articles of Barron (Baron, 1907; Sandford
and Arkell, 1939; Murray et al., 1951; El Shazly et al., 1975; El Ibiary, 1981; Said, 1981; ElFawal and
Shendi, 1991 and EL-Fawal, 1992). An old entombed branch of the inherited Nile River and this branch
is occupied by Ismailia Fresh-water Canal. Physio-chemical weathering greatly restructured the land
surfaces morphology, particularly, the physical weathering due to the commanding desert conditions
predominant in the study area. Formalization of desert barrier, sand dunes, and collection of sand drifts
are common characteristic of wind effects during the recent desert conditions in the area north of
Ismailia Fresh-water Canal. The sediments of the study area are generally of fluviatile source but blend
towards the east and southeast with fluvio-marine sediments. The study area is adjusted by agricultural
land rest on flood, silty and loamy fine sand soil. The eastern boundary of the study area is described
by elongated and parallel, shallow sand dunes with separate shallow water logged area in between. The
subsurface soil was noted by two main stratigraphic units; the deeper fluvio-marine shallow flood plain
units.
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Fig. 1: Geologic and soil map of study area (after Geriesh, 1994) [19]

Hydrogeological features adjusting

Geriesh, (1989) studied geology of the target area. Surface water and groundwater are connected
that each other by hydrologically systems. The quality and quantity of one is adjectives on others.
Groundwater flow system is very vital for save of surface water bodies (Toth, 1999). The
hydrogeological setting of the study area is greatly influenced by the Nile sedimentary processes.
Groundwater around Ismailia Canal takes place in two major aquifer units; the upper permeable unit
and the lower highly permeable unit. The upper unit is of Nioltic origin and consists of fine to medium
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sands with silt and clay caps of slimy characters especially to the east. The eastern part of this unit is
created under lagoon to fluvio-marine conditions and is characterized by salty component due to high
of evaporation percent (Zoetbrood, 1984). The deposits of the western part of the study area have better
hydraulic possession and could be hydrologically connected with the lower aquifer. It consists of
gravelly sand deposits of pure fluviatile origin and achieves thickness more than 150 meters. It is formed
of pure sand and gravel of high hydraulic properties and low salt contents. Water bearing formations in
the study area existing mostly under unconfined conditions, but in some locations semi-confined
conditions may exist due to the intercalation of clay lenses. Groundwater flow is almost from west to
east and outward of Ismailia canal course. The canal likes as an effective stream in most parts. There is
some water collecting lens in the low due to seepage of Ismailia Canal. In the present study, a trial has
been made to assess the groundwater availability of the unconfined aquifer around Ismailia canal area.
Hydro-geochemical and environmental parameters are used to represent the availability of agriculture
the suitable crops.
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Fig. 2: Location map of target study area

The relation between water quality and soil characteristics is focused in this study. It is found that the
shallow depth to groundwater around Ismailia canal causing that area more vulnerable to pollution
especially with it’s heavily population capacity. We found that landfills, agricultural drains are already
situated around Ismailia canal. Meanwhile, the northern and southern surrounding areas far from the
main course of Ismailia canal have deeper depth to groundwater that causing attenuation for the
pollution potential. By the comparison between the depth to groundwater map and water table map of
the unconfined aquifer in the study area and the flow directions of the water table map, it can be
complemented that the seepage from Ismailia canal to the surrounding areas with losing stream
conditions but at some local parts it likes as earning stream. In general, Ismailia canal could be noted
as recharge origin for the unconfined aquifer of the study area, the lower data of precipitation in the
study area result in less opportunity to leaching the contaminants in the study area. The Nile silt and
mud around the main root of Ismailia canal reduce the intrinsic weakness to contamination. The target
areas have sand, gravelly sand and sand deposits which increase pollution content. The soil media with
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gravelly sand sediments show moderate influence on total groundwater pollution. Watery soil extract
in the area is mainly made up of mixtures of earth alkaline and alkaline metals and predominantly CI
'/SO4* water type. This work is aimed at evaluation of the groundwater quality of the quaternary aquifer
with relationship of soil characteristics profiles in reclaimed areas for sustainable development. Twenty
water and soil profiles samples representing the surface water and groundwater samples with soil
profiles were collected. The hydro-chemical characteristics, geochemical classification, geochemical
evolution and statistical analyses as well as groundwater quality were done. This work is aimed at
evaluation of the groundwater quality of the quaternary aquifer with relationship of soil characteristics
profiles in reclaimed areas for sustainable development. This study attempts to evaluate the different
water types, hydro geochemistry of the main source of water supply in the area as well as determine the
groundwater characteristics. The most relevant controls on the water quality and ionic processes which
control the groundwater composition of the aquifer systems in the area will also be studied. Also
provides an opportunity to observe a detailed profile of the dominant hydro geochemical facies
distribution and processes of groundwater, with a view to predicting their water character.

2. Materials and Methods

2.1.Reagents and quality assurance

For preparing the standard solutions under a clean laboratory environment analytical chemical
grade and deionized water were utilized. Plastic bottles were cleaned through soaking in diluted HNO3
solution, flushing with deionized water, furthermore drying in an oven the plastic bottles were
completely washed with aliquots of the sampled waters, prior to collection. All single standard solutions
of different elements were gotten from Merck. Using of calibration standards concentrations of 1g/L
(Germany). By using ICPMS (Inductively Coupled Plasma-Mass Spectrometry) the percentage of
Recovery for the previously mentioned elements analyzed varied between 90% and 106%. The
measurements were repeated thrice; the calculated range, median and mean were reported.

2.2. Sampling and analytical procedures

In the field, the samples were gathered from every location in polyethylene bottles. One sample
from every location was preserved by acidifying to pH 1.5 with 1 mL of concentrated HNO3 acid for
heavy & trace elements analysis. For field measurements (total dissolved solids (TDS), pH and redox
potential (Eh) are mentioned. Methods for preparation of Standard Methods are noted for the
Examination of Water and Wastewater. The samples were brought to the Central Laboratory for
Environmental Quality Monitoring in a cool box with cooling elements for analysis. The current study
started by surveying Twelves water and soil points (three surface water samples and seventeen
groundwater samples) from the area under investigation. Twelves soil profiles represent the area
understudy were chosen to represent of selected sites. These profiles, which are located at Ismailia area
and were, dug wide open to a depth of 150 cm unless opposed by water table. Soil profiles were expected
to reflect the wide variations soils in the Famers. Morphological description of the soil was undertaken
according to the criteria established by Field Book for Describing Sampling soils, (Schoeneberger et
al., 2002) for soil. The collected soil samples, amounted Twelves, represented the consequent
morphological variations throughout the entire depths of the soil profiles. Soil samples were collected
and processed for laboratory analyses. Particle size distribution was carried out either by dry sieving
for coarse textured samples, or by the pipette method for heavy — textured ones, (Gee and Bauder,
1986). Total dissolved solids (TDS) were determined by evaporating a measured volume of filtered
water sample to dryness at 105 £ 2° C, after that weighing the solid residue. The total calcium carbonate
was measured by treating the samples with HCI and the evolved CO, was measured (Page et al., 1982).
Values of pH and electrical conductivity (EC) were measured in 1:2.5 soil water suspensions and
supernatant, respectively. The organic matter was measured using Walkley-Black Wet method. Trace
and heavy elements (Al, B, Cd, Co, Cu, Fe, Mn, Ni, Pb and Zn) were detected by plasma optical
emission mass spectrometer (ICP). The analytical methods can be grouped as volumetric and
instrumental. The analysis methods includes measurement of major cations and anions, carbonates
(COs*), bicarbonates (HCOs"), chloride (CI), calcium (Ca?"), magnesium (Mg®* ), sodium (Na"),
potassium (K"), sulfate (SO4%). Minor, trace and heavy metals which include aluminum (Al), boron(B),
cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), molybdenum (Mo), manganese
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Table 1: Relationship between soil depth and Particle size distribution (%)
PP PP
Profile Depth CaCO; Gravel Particle size distribution (%)

¢ A 21 1-05  05-025 025  0.125-
No Cm & & mm mm mm 0125 0063 0063
015 254 150 1790 4240 24.90 11.40 1.90 1.50
" 15--50 465 090 370  20.40 38.60 25.90 7.40 4.00
50--100 583 080 590 3090 58.90 2.90 0.40 1.00
100-150 143 050  7.87 15.62 25.62 2624 1825 640
0-30 345 080 _ 2.60 6.80 25.20 4000 2220 320
S3  30--100 143 050 420 19.10 35.70 28.60 7.70 470
100-150  1.09 060 590  30.90 58.90 2.90 0.40 1.00
0-15 240 460 440 19.20 33.70 40.70 1.00 1.00
S4 15-90 3.2 130 640 3140 56.40 3.40 0.90 1.50
90--150 354 250 527 7.14 29.20 43.16 13.61 1.62
0--30 135 170 690 2290 42.90 20.40 3.40 3.50
S5 30100 809 150  0.90 12.90 69.90 13.90 0.90 1.50
100-150  3.54 240 040 12.40 72.40 13.40 0.40 1.00
0--30 164 090 240 7.00 25.60 3860 2220 420
S28  30--100 460 250  17.40 2840 27.90 16.40 4.40 5.50
100-150 125 450 370  20.40 38.60 25.90 7.40 4.00
0-30 660 460 5890 3090 5.90 2.90 0.40 1.00
S26 30100 355 250 2240  29.90 18.90 17.40 5.40 6.00
100-150 418  1.80 1690  54.90 24.40 2.40 0.40 1.00
050 310 170 69.90  12.90 0.90 13.90 0.90 1.50
$25  50--100 345 170 790  23.40 31.90 24.90 7.90 4.00
100-150 345 250 690  22.90 42.90 20.40 3.40 3.50
0-30 516 240 640 2240 45.40 19.90 2.90 3.00
S24 30100 457 050 620 15.90 35.60 31.10 8.80 2.40
100-150  7.04 260 651 11.20 28.94 34.63 1694 178
0-30 478 050 850 18.90 41.80 27.50 3.20 0.10
S23  30--100 243 040 1260  22.50 33.70 27.80 2.60 0.80
100-150 456 030 740  23.40 40.40 20.90 3.90 4.00
0-30 320 060 1940  54.40 22.90 1.90 0.40 1.00
$22  30--100 254 080  19.90 4440 23.40 10.40 0.90 1.00
100150 742 019 651 11.20 28.94 34.63 1694 178
050 280 060  17.50  28.50 28.00 16.50 450 5.00
S18 50100 385 060  7.50 18.50 53.50 17.50 1.50 1.50
100-150 460 080  0.50 12.50 72.50 13.50 0.50 0.50
0-30 580 060 400 _ 2850 55.60 6.70 410 1.10
S19  30--100 260 090  10.84  19.13 4191 18.51 7.08 253
100-150  3.60 060 1124 1225 25.32 26.93 1882 544
0-30 430 023 2753 2865 2535 11.62 3.19 3.66
S17 30100 220 060 1970  32.22 27.32 14.97 4.08 1.71
100-150 390 080  7.50 18.50 53.50 17.50 1.50 1.50
0-30 560 130 651 11.20 28.94 34.63 1694 178
S7  30-100 730 260 1260  22.50 33.70 27.80 2.60 0.80
100-150  2.80 080  7.50 18.50 53.50 17.50 1.50 1.50
050 430 120 1427  25.11 37.61 15.96 5.63 1.42
S8 50-100 360 090  7.87 15.62 25.62 2624 1825 640
100-150  2.80 060 1970  32.22 27.32 14.97 4.08 1.71
040 890 120 2753 2865 2535 11.62 3.19 3.66
S11 40100 560 080 1970  32.22 27.32 14.97 4.08 171
100-150  7.60 120  7.50 18.50 53.50 17.50 1.50 1.50
0-35 660 180 651 11.20 28.94 34.63 1694 178
S10 3590 840  0.60 1260  22.50 33.70 27.80 2.60 0.80
90-150 520  0.80  7.50 18.50 53.50 17.50 1.50 1.50

(Mn), nickel (Ni), nitrate (NO3), lead (Pb), strontium (Sr), vanadium (V) and zinc (Zn) (Onken
and Sunderman, 1977; Fishman and Friedman, 1985, Barer et al., 2000 and A.S.T.M. ,2002). Chemical
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analysis results are expressed in milligrams per liter (mg/L), mL equivalents per liter (meq/l. Chloride
(CI), calcium (Ca?"), magnesium (Mg”"), sodium (Na"), potassium (K*), sulfate (SO4*), nitrate (NO;*)
achieved either by using ion chromatography (Dionex, ICS-1100). The locations (longitudes and
latitudes) of the collected water samples were edited using global positioning system (GPS) Some
parameters as depth to water, temperature T°C, EC and pH were conducted in situ for collecting water
samples because some of these parameters (EC and pH) are likely to change on transit (Hem, 1985).

2.3. Agricultural soil suitability model (ALMAGRA) - land evaluation program

The ALMAGRA model is counted on the soil analysis of edaphic factors that affect productivity
of semiannual crops such as alfalfa and permanent crops like peach, citrus and olive. The edaphic soil
factors including the effective soil profile depth (p), soil texture (t), soil drainage (d), soil carbonate
content (c), soil salinity (s), sodium saturation (a) and degree of profile development (g) are used as
diagnostic criteria (Micro-1IES web).

2.4. Relationship between soil depth and particle size distribution (%) with CaCOs content

The particle size distribution percent in different soil samples differs from eastern to western sites
of target area. Nearest samples to Ismailia canal contains of fine to coarse sandy particles with low
gravels content which differs according to sieving analysis. But farest sample sites from canal showed
increasing in soil particle size which intercalated with silty clay minerals with different sizes from
surface to subsurface. In the most site samples, the CaCOj; content was in a standard ranges with low
risk on the agriculture efficiency.

3. Results and Discussion
3.1. Water type and hydro-chemistry of study area

To identify the hydro-chemical characteristics of the Miocene groundwater in the study area, it
must discuss the salinity of the groundwater, hydro-chemical coefficients, hydro-chemical facies, and
hypothetical salts combinations analyses. Groundwater’s chemistry has predominantly been depended
on the chemical structure of host rock. The outcomes from the groundwater analysis were utilized as a
tool to recognize the processes and mechanisms influencing the groundwater’s chemistry from the
examination area. Chloride is the most useful parameter for evaluating atmospheric input to water as it
shows very little fractionation. Cation exchange may account for a reduction in the Na concentration,
and halite dissolution may account for high concentration of Cl (Matheis et al., 1982). Dissolved species
and their relations with each other can reveal the origin of solutes and the processes that generated the
observed composition of water. The Na/Cl relationship has often been used to identify the mechanism
for salinity distribution and saline intrusions (Sami, 1992 and Panteleit ez al., 2001). The Na+ and Ca2+
shows a good correlation indicating that Cl- and for the most part, Na+ are probably derived from the
dissolution of disseminated halite in fine-grained sediments. The high Na/Cl ratios are probably
controlled by water-rock interaction.

3.2. Chemical analysis of major cations & anions of groundwater and fresh water
3.2.1. Major ionic content of water samples

Table 2 showed the routine analysis of Ismailia canal water and groundwater of target area. The
chemical analysis of fresh water explained that the balance content of Ca/Mg higher 1. The hydro
chemical categories of surface water were Bicarbonates > Sulphate > Chloride. The salinity of surface
water ranged from 250 to 302 ppm and pH ranges from 7.8 to 8.2 that indicate to high alkalinity content
(high bi-carbonate content). The total dissolved substances content of groundwater of target area varies
from 1870 and 5240 ppm. This indicates to a high difference in salinity values from sites near to Ismailia
canal (fresh water) in east and samples was far from canal. The chemical nature of bedrocks in our
target area contains limestone with intercalated with salty clay with different earthy minerals. The
increasing of dissolution and leaching process occurred with time, this will lead to problems in future
for the western sites of target area (recommended points).
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Table 2: chemical analyses of major cations & anions of groundwater and fresh water of Ismailia canal

EC TDS Soluble Cations meq/l Soluble Anions meq/l
D pH s/em  Mg.L"!
" & K* Na* Mg™ Ca* CI SO HCOy COs
Surface fresh water samples of Ismailia canal
Ws1 790 503 302 0.12 2.00 1.05 2.29 0.58 1.04 3.09 0.89
WS 2 820 416 250 0.11 1.87 0.94 2.14 0.38 0.77 2.62 0.65
WS 3 7.80 476 286 0.12 2.00 0.98 2.19 0.47 0.86 2.80 0.75
Mean 7.96 465 279 0.12 1.95 0.99 2.20 0.48 0.89 2.83 0.76
Median 790 476 286 0.11 1.87 0.98 2.19 0.47 0.89 2.80 0.75
Minimum 7.8 416 250 0.11 1.87 0.94 2.14 0.38 0.77 2.62 0.65
Maximum 8.2 503 302 0.12 2.0 1.05 2.29 0.58 1.04 3.09 0.89

Groundwater samples of study area
WG6 S1 73 5950 3570 0.566 42.012 11.569 10921 57.210 5.110 2.001  0.400
WG7 S11 6.8 8016 4810 0.714 53.664 13.743 14740 64.741 15987  2.800  0.350
WG8 S16 7.4 5400 3240 0369 35.369  9.120 8.532 41320 9.542 2.674  0.400
WG9 S22 7.7 5250 3150 0.310 35.140 9.863 7210  42.687 9.471 2.887  0.400
WG10 S17 8.0 4466 2680 0.425 33.550 8.453 5321 42541  3.410 2.900  0.500
WGI11  S3 7.3 4800 2880 0377 32278  7.220 7.401  39.001  5.655 2714 0.400
WG12 S18 7.1 5250 3150 0.462 33.781  7.554 7.668  41.563  6.201 2.601  0.500
WG15 S14 6.8 5618 3371 0.500 34.136  9.102 11378 42413 11.887 2.354  0.400
WG16 S4 7.0 6100 3660 0.599 44.016 9.700  9.597  50.148 12.674  2.331  0.500
WG17 S19 6.6 4656 2794 0.760  28.640  9.701 9.102  36.021 10300 2.542  0.300
WG18 S5 7.0 8503 5102 0.514 59423 13.233 11510 70.634 12421 2.214  0.500
WG19 S10 7.1 4398 2639 0.522  32.780  8.877 7.639 41456  5.736 2.190  0.500
WG20 S12 79 3116 1870 0360 22.714 6.650  6.840  30.620  1.201 3.021  0.500
WG23 S9 64 6500 3900 0.742 45864 11.741 10.112 58.987  5.500 2310 0.300
WG24 S15 7.1 5166 3100 0.702  36.450  9.706 7.640 48147  3.745 1.987  0.500
WG25 820 7.6 8733 5240 0.730 79.970 16.011 15.851 92.478 20.400 1.958  0.500
Mean 72 5745 3447 0.54  40.61 10.14 9.46 49.99 8.70 2.46 0.43
Median 7.1 5325 3195 0.51 35.25 9.70 8.81 42.61 7.83 2.44 0.45
Minimum 6.4 3116 1870 031 22714 6.65 5.321 30.62 1.201 1.958 0.3

Maximum 8.0 8733 5240 0.76 79.97 16.011 15.851 92.478 20.4 3.021 0.5
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Fig. 3: Showed maps for groundwater characteristics and Na/Cl meq/1 distribution

3.3. Major ionic content of soil samples

From the complete soil analysis (sieving analysis) showed the variation soil texture from sites
near to Ismailia canal and sites far from canal. In eastern side of target area, along the soil profile with
depth has fine sandy soil to course in subsurface samples. But, direction from east to west target area
we found different soil texture from coarse sandy with intercalated silt and clay in depth subsurface. In
some soil profile, sodium content in surface sector had a high value and subsurface sodium content had
low value in the same profile. This proposed to the water salinity effect by farmers. Moreover, in case
of high sodium content in subsurface than surface it may be caused by alkali or earthy mineral and silty
clay minerals dissolution and leaching process. In site S3 showed in water table level, low sodium and
chloride content however the upper sector had high salty content. This is possible caused by soil
characteristics of clay content which is used as insulating layer. In S5 site, Na/Cl (salty content)
increased from surface to subsurface. This may be found connection between sandy permeable layers.
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In S26 the Na content 294 ppm and CI content 302 ppm, it may be caused by the presence of salty clay
minerals layer.

Table 3: Relationship between soil depth and soluble cation and anions concentration

Profile Soluble cation and anions meq/1
No EC Depth
Ds/m Cm Na* K* Ca** Mg* Cr COs- HCOs- SOs4 -
3.51 0--15 26.60  0.54 9.77 4.44 36.60 tr. 1.50 3.25
2 233 15--50 11.67 073 6.75 2.64 14.91 tr. 2.00 4.88
2.10  50--100  10.77 1.10 585 1.74 14.01 tr. 1.10 4.35
1.45  100-150 3.20 16.00  8.66 3.71 9.25 tr. 2.00 20.32
2.92 0--30 1820 041 7.43 2.84 19.20 tr. 2.00 7.68
S3 0.75  30--100 2.95 097 332 1.52 4.41 tr. 2.00 2.35
0.89  100-150 5.95 0.60 2.16 1.06 7.81 tr. 1.00 0.96
1.86 0--15 13.84 0.83  3.48 1.74 18.35 tr. 1.00 0.54
S4 1.03 15--90 3.20 1.60  8.66 3.71 9.25 tr. 2.00 5.92
042  90--150 3.18 0.00  1.00 1.40 3.18 tr. 1.00 1.40
1.63 0--30 11.83  0.83  3.48 1.74 16.20 tr. 1.00 0.68
S5 4.69 30--100 2090 0.21 5.60 6.55 26.30 tr. 2.00 4.96
2.06 100-150 1430 0.73  6.75 2.64 14.91 tr. 2.00 7.51
13.16 0--30 213.00 2.14 2829 15.78  218.60 tr. 2.00 38.61
S28 3.03 30--100 21.30 0.73  6.75 2.64 21.20 tr. 2.00 8.22
237 100-150 1430 0.73  6.75 2.64 16.00 tr. 2.00 6.42
2.49 0--30 1230 076  6.75 3.10 15.20 tr. 2.00 5.71
S26 13.48 30--100 294.00 16.00 28.29 15.78  302.00 tr. 2.00 50.07
7.25 100-150  53.40 1.83  13.31 7.26 63.70 tr. 1.00 11.10
2.96 0--50 16.38 2520 7.56 4.76 15.40 tr. 3.36 35.14
S25 1.80  50--100  10.60 16.30 4.89 3.08 9.96 tr. 6.34 18.57
0.85 100-150 5.05 7.76  2.33 1.47 4.74 tr. 3.02 8.85
0.43 0--30 3.18 329 0.99 0.62 2.01 tr. 1.28 4.79
S24 272 30--100 16.38 2520 7.56 4.76 15.40 tr. 9.80 28.70
0.39  100-150 7.20 025 3.18 104 2.82 tr. 1.00 6.81
1.14 0--30 3.20 16.00 866 3.71 9.25 tr. 2.00 11.66
S23 0.86  30--100 4.72 034 255 088 4.83 tr. 2.00 0.78
0.80  100-150 6.67 0.66 391 1.43 8.48 tr. 2.00 2.19
0.94 0--30 4.20 249 566 1.93 6.86 tr. 1.00 0.76
S22 1.11  30--100 6.24 2.18 257 1.17 7.72 tr. 1.00 3.44
0.26 100--150  2.60 044 086 0.30 1.47 tr. 1.00 0.87
2.39 0--50 13.60 073  6.75 2.64 18.90 tr. 2.00 2.82
S18 4.66 50--100 19.09 021  8.60 6.55 23.27 tr. 2.00 9.18
3.11 100-150 2030 0.54 8.00 4.44 30.90 tr. 1.00 1.38
5.39 0--30 53.40 1.83  13.31 7.26 63.70 tr. 1.00 11.10
S19 2.89  30--100 18.70  0.54  9.77 4.44 28.30 tr. 1.00 4.15
1.46  100-150 8.90 1.60  8.90 3.71 9.20 tr. 2.00 11.91
0.61 0--30 4.72 034 255 088 4.83 tr. 2.00 0.78
S17 7.71  30--100  69.80 1.83 2030  7.26 90.50 tr. 1.00 7.69
4.05 100-150 28.60 0.21 20.02 6.55 30.20 tr. 2.00 23.18
1.64 0--30 14.60  0.83 348 1.74 17.90 tr. 1.00 1.75
S7 6.69 30--100  60.20 1.83  13.31 7.26 67.00 tr. 1.00 14.60
231 100-150 15.60 0.54 9.77 4.44 28.30 tr. 1.00 1.05
1.27 0--50 994 052 232 10.50 11.91 tr. 1.00 0.43
S8 1.39  50-100 12.80  0.83 348 1.74 17.60 tr. 1.00 0.25
0.53  100-150 3.65 026  1.66 0.52 3.09 tr. 2.00 1.00
1.70 0--40 13.84 0.83 348 1.74 18.35 tr. 1.00 0.54
S11 1.82  40--100 9.54 041 743 2.84 17.31 tr. 2.00 0.50
1.89 100-150 13.84 0.83 3.48 1.74 18.35 tr. 1.00 0.54
4.40 0--35 46.00 1.83  13.31 7.26 60.20 tr. 1.00 7.20
S10 4.30 35--90 44.00 1.20 1320  7.00 61.20 tr. 1.00 3.20
3.51 90-150 5340  2.00 14.20 8.10 63.70 tr. 1.00 13.00
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Fig. 4: The difference salinity between soil surface and soil with depth / Na/Cl meq/1 distribution

3.4. Chemical analysis heavy metals concentration of groundwater and fresh water of Ismailia
canal

Table 4 Explain the heavy metals concentrations in surface and groundwater samples. The heavy
metals content in all samples of surface water in a limited standard ranges. In groundwater samples
some sites have moderate values of iron content but in standard range, in general, there no any harmful
effect on the productivity of different crops.
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Table 4: Chemical analysis of heavy metals concentration in groundwater and fresh water of Ismailia
canal
ID Al Cd Co Cr Cu Fe Mn Mo Ni Pb \% Zn
Std. 5 0.0051 0.05 0.08 1 5 0.4 0.07 0.02 0.01 0.005 3
Irrigation
Surface Fresh Water Samples of Ismailia Canal
WS1 0.09 0.017 ND 006 024 0.14 0.02 0.057 ND 0.109 ND 0.01
WS 2 0.11 0.024 ND 0.047 0361 0.162 0.03 0.098 ND 0.13 ND 0.021
WS3 0.241 0.038 ND 0.032 0.87 0.17 0.06 0.061 ND 0.176 ND 0.032
Mean 0.14  0.02 ND 0.04 05 0.16 0.04 0.07 ND 0.13 ND 0.021

Median 0.11  0.02 ND 004 04 0.16 0.02 006 ND 013 ND 0.021
Minimum 0.09 0017 ND 0.03 024 014 002 006 ND 0.109 ND 0.01

Maximum 024 0.038 ND 0.06 087 017 0.06 0098 ND 0.176 ND 0.032

Groundwater samples of study area

WG 6 0.14 0.011 ND 0.024 0.201 0.523 0.102 ND ND 0.057 ND 0.015
WG 7 0.186 0.012 ND 0.083 0.387 049 0.147 ND ND 0.091 ND 0.027
WG 8 0235 0.025 ND 0.01 0814 0321 021 ND ND 0.05 ND 0.013
WG9 0.074 0.036 ND 0.078 0.27 0247 0.268 ND ND 0.066 ND 0.007

WG 10 0.18 0017 ND 0.069 0332 0536 0.204 ND ND 0.019 ND 0.019
WG 11 0.233 0.036 ND 0.001 0.822 0399 0.147 ND ND ND ND 0.016
WG 12 0.122 0.088 ND 0.017 0201 052 0.11 ND ND ND ND 0.018
WG 15 0.167 0.015 ND 0.036 0.387 0474 0.174 ND ND 0.015 ND 0.017
WG 16 025 0056 ND 0.09 0.814 0301 0.203 ND ND ND ND 0.006
WG 17 0.041 0034 ND 0.08 027 0263 0.286 ND ND 0.16 ND 0.005
WG 18 0.103  0.07 ND 0.054 0.332 0517 0.203 ND ND ND ND 0.018
WG 19 025 0.069 ND 0.013 0.822 0378 0.171 ND ND ND ND 0.014
WG 20 0.108 0.019 ND 0.019 0201 0.534 0.104 ND ND ND ND 0.011

WG 23 0.16 ND ND 0.033 0.387 0.488 0.149 ND ND 0.141 ND 0.063

WG 24 1.02 0.019 ND 0.084 0.721 397 0.249 ND ND 0.573 ND 1.62
WG 25 1.2 0.012 ND 0.01 0855 451 0227 ND ND 0.341 ND 1.74
Mean 0.3 0.03 ND 004 05 0.9 0.18 ND ND 0.15 ND 0.22

Median 0.17  0.02 ND 003 04 0.5 0.18 ND ND 0.07 ND 0.01
Minimum 0.04 0.01 ND 001 02 024 0.01 ND ND 0.015 ND 0.005

Maximum 1.2 0.088 ND 0.09 0855 451 0286 ND ND 0.57 ND 1.74
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3.5. Relationship between soil depth and micro-nutrients
The presence of available iron / copper / zinc and manganese metal in the subsurface layer in
allowed range and more vaporable nutrients to plant.

Table 5: Relationship between soil depth and micro-nutrients

Available micro- nutrients / ppm

Profile Depth

No Cm Fe Cu Zn Mn

S2 0---15 3.21 0.211 1.66 2.01

S3 0--30 1.839 0.221 0.76 1.244
S4 0--15 0.836 0.134 0.847 1.054
S5 0--30 3.129 0.113 0.671 1.267
S28 0--30 3.679 0.117 0.712 1.074
S26 0--30 2.665 0.089 0.68 0.671

S25 0--50 0.979 0.106 0.57 0.712
S24 0--30 3.278 0.214 1.667 2.035
S23 0--30 1.823 0.223 0.72 1.332
S22 0--30 2.201 0.131 0.871 1.304
S18 0--50 3.222 0.254 1.723 2.423
S19 0--30 2.022 0.096 0.613 0.549
S17 0--30 3.129 0.113 0.671 1.267
S7 0--30 2.99 0.365 0.821 1.324
S8 0--50 3.211 0.325 0.854 1.222
S11 0--40 3.289 0.4015 0.9031 1.4564
S10 0--35 3.0139 0.3679 0.8276 1.3346

3.6. Chemical analysis of groundwater and fresh water of Ismailia canal
3.6.1. Surface water of Ismailia canal (fresh water boundary)

From chemical analysis showed that the salinity value in an allowed range for fresh water (table
5). The total suspended substance (TSS) concentration was in a permissible limit for agriculture. The
major analysis that effect on groundwater quality from Esmalia canal were pollution chemical or
microbial that affect directly on the productivity on crops. Chemical oxygen dissolved (COD)
concentration varied from 4.5 to 6.7 ppm and this data in permissible limit for good agriculture
irrigation. The BOD (biochemical oxygen dissolved was a pollution guide in water, but the low value
in surface water in Ismailia canal not much and less risk effect on plant. The total nitrogen (TP) and
total phosphorous (TP) concentration were in a permissible limit.

3.6.2. Chemical and biological analysis of Groundwater

The total suspended substance (TSS) concentration ranges from 2.30 to 7.0 ppm which was in a
permissible limit for agriculture and means no an undesired mineral precipitation. In some groundwater
sites found less chemical and biochemical contaminations. It is possible seepage of municipal or
anaerobic bacteria pollution. The total nitrogen (TN) ranges from 19 to 45 ppm. It is probably by
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harmful traditional habitats of fertilization. Total phosphorous (TP) concentration was in a permissible
limit.

Table 6: Chemical analysis of groundwater and fresh water of Ismailia canal
ID pH EC TDS TSS COD BOD TN TP
ps/em  MgL! MgL!'! MgL! MgL! SAR Mg L! MglL!
Surface fresh water samples of Ismailia canal

WS1 7.9 336 202 5.02 4.50 2.84 0.25 22 0.10
WS 2 8.2 351 211 4.87 6.70 4.60 0.26 2.6 0.16
WS 3 7.8 370 222 5.49 5.90 3.82 0.27 33 0.20
Mean 7.9 352 211 5.12 5.7 3.75 - 2.7 0.15
Median 7.9 351 211 5.02 59 3.82 - 2.6 0.16
Minimum 7.8 336 202 4.87 4.5 2.84 - 22 0.1
Maximum 8.2 370 222 5.49 6.7 4.60 - 33 0.2
Groundwater samples of study area

WG 6 7.3 5950 3570 3.24 12.60 7.50 4.43 25.50 0.12
WG 7 6.8 8016 4810 4.69 13.40 9.00 5.03 29.30 0.65
WG 8 7.4 5400 3240 2.45 12.60 6.70 4.21 22.40 0.74
WG9 7.7 5250 3150 2.34 13.70 8.10 4.25 21.10 0.59

WG 10 8.0 4466 2680 3.70 15.10 10.90 4.52 20.70 0.48
WG 11 73 4800 2880 4.91 14.90 6.30 4.22 22.30 0.66

WG 12 7.1 5250 3150 5.21 22.40 12.50 433 35.87 1.97

WG 15 6.8 5618 3371 4.67 17.63 10.24 3.77 19.78 1.10
WG 16 7.0 6100 3660 6.70 11.01 9.70 5.01 32.58 0.96
WG 17 6.6 4656 2794 2.31 10.63 8.26 3.30 33.63 1.54
WG 18 7.0 8503 5102 3.40 9.78 6.54 5.97 36.55 0.80

WG 19 7.1 4398 2639 5.90 16.60 10.21 4.03 26.78 3.10
WG 20 7.9 3116 1870 7.01 18.07 12.32 3.09 28.01 0.65
WG 23 6.4 6500 3900 5.10 9.14 5.10 491 30.49 0.76
WG 24 7.1 5166 3100 6.82 35.11 18.63 4.38 45.73 8.01

WG 25 7.6 8733 5240 5.14 32.54 19.04 7.08 39.87 7.54

Mean 7.19 5745 3447 4.6 16.6 10.06 - 29.41 1.85
Median 7.1 5325 3195 4.8 14.3 9.35 - 28.65 0.78
Minimum 6.4 3116 1870 2.31 9.14 5.1 - 19.78 0.12
Maximum 8 8733 5240 7.01 35.11 19.04 - 45.73 8.01

WS: water surface; WG: Ground Water; COD: Chemical oxygen demand; BOD: Biological oxygen demand; SAR:
sodium adsorption ratio; TSS: Total suspended solids

254



Middle East J. Appl. Sci., 12(3): 242-269, 2022
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2022.12.3.25

3.7. Water and soil ionic ratios relations

Mineralogical composition can exert an important control on the final water chemistry. As
groundwater flows through the strata of different mineralogical composition, the water composition
undergoes adjustments caused by imposition of new mineralogical controlled thermodynamic
constraints (Edet, 1993). Major ions constitute the most significant part of the total dissolved solids
present in the groundwater and the concentration of these ions in groundwater depends mainly on the
hydro chemical processes that place in the aquifer system. Major ions in the groundwater present a
definite spatial trend. Generally, the chemical composition of groundwater is primarily dependent on
the type of chemical reaction as well as the geochemical processes taking place within the groundwater
system. Water types are often used in the characterization of waters as a diagnostic tool (Lakshmanen
et al., 2003). The amount of each ion in water is dependent on the rock mineralogy. However, the use
of major ions chemistry to identify rock mineralogy can be useful but must be applied carefully. Mineral
precipitation, ion exchange and evaporation can modify chemical composition. In many cases, the
source rock minerals may be deduced from the water composition. Using ionic ratios in groundwater,
it is possible to indicate the minerals of source rock types. For this purpose, the concentrations of the
various constituents are converted to meq L-1 to be able to combine the various ions in a chemically
meaningful way (Appelo and Postma, 1993; Howard and Lloyd, 1983; Tellam and Lloyd; 1986; Lloyd
and Tellam, 1988 and Tkeda 1989). In this study, most of the ion ratios have been calculated (table 5).
Ionic ratios of ground waters have been often used to evaluate intrusion from fresh water boundary
(Ismailia canal) and (Suez Canal boundary).

3.7.1. HCO3/Cl ionic ratio

The values of HCO;3/Cl in surface water higher than 1. It indicated that the dominant categories
was HCOs>SO4>Cl. Analytical result presents the abundance of these ions in the following order: CA
> Mg > K > Na =HCO3> SO4 > CI. In subsurface groundwater samples had the HCO3/ClI index equal
or less than 1. It meant that the highest salinity values increased from east to west of target area. The
increasing of chloride content with decreasing of HCOs in groundwater affected directly to decrease of
ionic ratio. The dissolution and leaching interaction of bedrocks with groundwater changed the quality
from site to another. HCOs/Cl used as indicator for salinization due to the seawater encroachment.

3.7.2.Na/Ca ionic ratio

The range values groundwater samples of Na/Ca ratio varied from 4 to 6 and for fresh water
(Ismailia canal) ionic ratio about 1. According to data, when the sodium content increased, increase of
ionic ratio value as Na > Ca >Mg. But in fresh water the balance of ionic ratio is occurred as
Ca>Mg>Na. Ratios of Na/Ca, indicating cation exchange reaction can show some mixed behavior but
it mostly increases with increase in TDS, which is a good indicator revealing the salinization process.

3.7.3.Na/Cl ionic ratio

The value of Na/Cl ionic ratio of fresh water was larger than groundwater. It indicated that the
chloride ion was the dominant ion and also high content than Na. The presence of CI ion may be
increased in water sample through dissolution and leaching of halite bedrocks.

3.7.4. Ca/Clionic ratio

The Ca/Cl ionic ratio in fresh water was larger than 4. It may be caused by increase of calcium
content than Cl so the calcium ion was a dominant ion. But in groundwater samples the Ca/Cl ionic
ratio had a low value under 1 where the Cl ion was a dominant ion related to increase if water salinity.

3.7.5. Mg/Cl and SO./Cl ionic ratio

The value of Mg/Cl ionic ratio indicated that the larger magnesium content than chloride in fresh
water. In groundwater samples the increase content of chloride content observed. This may be caused
by seawater intrusion or increase halite bedrock dissolution. The value of SO4/Cl ionic ratio had larger
than 10 in freshwater HCO3;>Mg>Cl and less than 1 in groundwater samples Cl >Mg> HCO;.The results
for the SO4/Cl ratios and the Ca / Mg concentrations are consistent with intrusion of seawater into the
shallow aquifers. Generally, some ionic ratios appeared useful to delineate degree of salinization effect
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for the ground waters, but it should be noted that they may be disturbed by certain artifacts in the course
of the groundwater samplings or chemical analysis.

Table 7: lonic ratios of ions in groundwater and fresh water of Ismailia canal

A B C D E F G H I J K L M N (0]

WS1 875 1.17 867 742 257 483 166 347 045 085 347 026 026 050 0.29
WS2 855 1.18 7.00 591 238 345 170 403 035 069 403 021 024 047 023
WS3 817 115 7.7 625 233 392 166 373 038 077 373 023 024 046 025
6 0.03 385 0.73 0.19 020 001 0.09 106 214 546 027 443 187 0.03 1.54
7 0.04 3.64 083 023 021 00l 025 093 092 526 0.15 503 1.8 0.03 0.78
8 0.06 4.15 086 021 022 001 023 1.07 08 319 0.14 421 200 0.05 0.70
9 0.07 487 082 0.17 023 001 022 137 076 250 023 425 206 0.06 0.58
10 0.07 631 0.79 0.13 020 001 0.08 159 156 183 032 452 244 0.06 0.84
11 0.07 436 083 0.19 0.19 001 014 098 131 273 016 422 221 0.06 0.88
12 0.06 441 081 0.18 0.18 001 0.15 099 124 295 017 433 222 0.05 0.87
15 0.06 3.00 0.80 027 021 00l 028 080 096 483 015 377 167 0.04 0.80
16 0.05 459 088 0.19 0.19 001 025 101 076 412 011 501 228 0.04 0.64
17 0.07 3.15 0.80 025 027 002 029 1.07 088 358 020 330 152 0.05 0.71
18 0.03 516 0.84 0.16 0.19 o001 018 115 093 520 0.17 597 240 0.03 0.79
19 0.05 429 0.79 0.18 021 001 0.14 116 133 349 023 403 198 0.05 0.96
20 0.10 332 0.74 022 022 001 0.04 097 570 226 024 309 168 0.09 1.62
23 0.04 454 078 0.17 020 001 0.09 116 1.84 438 024 491 210 0.04 1.29
24 0.04 477 076 0.16 020 0.0l 0.08 127 204 384 029 438 210 0.04 1.33

25 0.02 505 086 0.17 0.17 0.01 022 1.01 078 810 0.13 708 251 0.02 0.71

A) HCO3/CI ;B) Na/Ca ;C) Na/Cl ;D) Ca/Cl ;E) Mg/Cl ;F) K/CI ;G) SO4/CI ;H) Mg/Ca ;1) Ca/SO4 ;J) Ca/HCO3 ;K)
CEV ;L) SAR ;M) Na/(Ca+Mg) ;N) HCO3/(Cl+S04) ;0) Ca/(SO4+HCO3)
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Table 8: Ionic ratios of ions in soil profile samples
Profile Depth HCOs/  Na/ Na/ Ca/ Mg/ K/ S04 Mg/ Ca/ Ca/ Na
No cm Cl Ca Cl Cl Cl Cl Cl Ca SO4 HCO;  /(Cat+Mg).
0---15 0.04 272 073 027 0.12 0.0 0.09 0.45 3.01 6.51 0.61
S2 15--50 0.13 1.73 0.78 045 0.18 0.05 033 0.39 1.38 3.38 0.65
50--100 0.08 1.84 0.77 042 0.12 0.08 0.31 0.30 1.34 5.32 1.06
100-150 0.22 037 035 094 040 173 2.20 0.43 0.43 4.33 0.10
0--30 0.10 245 095 039 0.15 0.02 0.40 0.38 0.97 3.72 0.86
S3 30--100 0.45 0.89 067 0.75 034 022 053 0.46 1.41 1.66 0.58
100-150 0.13 275 076 028 0.14 0.08 0.12 0.49 2.25 2.16 2.60
0--15 0.05 398 075 0.19 0.09 0.05 0.03 0.50 6.44 3.48 2.29
S4 15--90 0.22 0.37 035 094 040 0.17 0.64 0.43 1.46 4.33 0.10
90--150 0.31 318 1.00 031 044 0.00 0.44 1.40 0.71 1.00 2.27
0--30 0.06 340 073 021 0.11 0.05 0.04 0.50 5.12 3.48 1.95
S5 30--100 0.08 373 079 021 025 0.01 0.19 1.17 1.13 2.80 0.57
100-150 0.13 212 096 045 0.18 0.05 0.50 0.39 0.90 3.38 0.80
0--30 0.01 7.53 097 0.13 0.07 0.0 0.18 0.56 0.73 14.15 0.48
S28 30--100 0.09 3.16 1.00 032 0.12 0.03 0.39 0.39 0.82 3.38 1.20
100-150 0.13 212 0.89 042 0.17 0.05 0.40 0.39 1.05 3.38 0.80
0--30 0.13 1.82 0.81 044 020 0.05 0.38 0.46 1.18 3.38 0.59
S26 30--100 0.01 1039 097 0.09 0.05 0.05 0.17 0.56 0.57 14.15 0.66
100-150 0.02 401 084 021 0.1 0.03 0.17 0.55 1.20 13.31 0.55
0--50 0.22 2.17 1.06 049 031 1.64 2.28 0.63 0.22 2.25 0.46
S2§ 50--100 0.64 217 1.06 049 031 1.64 1.86 0.63 0.26 0.77 0.70
100-150 0.64 217  1.07 049 031 1.64 1.87 0.63 0.26 0.77 1.47
0--30 0.64 3.21 1.58 049 031 1.64 238 0.63 0.21 0.77 5.18
S24 30--100 0.64 2.17  1.06 049 031 1.64 1.86 0.63 0.26 0.77 0.46
100-150 0.35 226 255 113 031 0.09 241 0.40 0.47 3.18 0.54
0--30 0.22 202 035 1.14 040 173 1.26 0.36 0.36 1.74 0.61
S23 30--100 0.41 1.85 098 0.53 0.18 0.07 0.16 0.34 3.27 1.28 0.71
100-150 0.24 1.71 079 046 0.17 0.08 0.26 0.37 1.79 1.96 1.19
0--30 0.15 1.80 0.61 0.56 028 036 0.11 0.32 1.77 1.78 1.20
S22 30--100 0.13 243 081 033 0.15 028 045 0.46 0.75 2.57 2.08
100--150 0.68 245 1.77 035 020 030 0.59 0.36 2.01 2.10 0.9
0--50 0.11 201 072 036 0.14 0.04 0.15 0.39 2.39 3.38 0.76
S18 50--100 0.09 222 082 037 028 001 0.39 0.76 0.94 4.30 0.34
100-150 0.03 254  0.66 026 0.14 0.02 0.04 0.56 5.80 8.00 0.57
0--30 0.02 4.01 084 021 0.11 0.03 0.17 0.55 1.20 13.31 0.55
S19 30--100 0.04 191 066 035 0.16 0.02 0.15 0.45 2.35 9.77 0.43
100-150 0.22 1.00 097 097 040 0.17 1.29 0.42 0.75 4.45 0.27
0--30 0.41 1.85 098 053 034 0.07 0.16 0.32 3.27 1.28 0.10
S17 30--100 0.01 344 077 022 0.08 0.02 0.08 0.36 2.64 20.30 0.47
100-150 0.07 143 095 0.66 022 0.01 0.77 0.33 0.86 10.01 0.22
0--30 0.06 420 082 0.19 0.10 0.05 0.10 0.50 1.99 3.48 241
S7 30--100 0.01 452 090 020 0.11 0.03 0.22 0.55 0.91 13.31 0.62
100-150 0.04 1.60 0.55 035 0.16 0.02 0.04 0.45 9.30 9.77 0.36
0--50 0.08 1.90 0.64 0.19 088 0.04 0.04 4.53 5.40 2.32 0.36
S8 50-100 0.06 3.68 073 020 0.10 0.05 0.01 0.50 13.92 3.48 2.11
100-150 0.65 220 1.18 054 0.17 0.08 0.32 0.31 1.66 0.83 4.23
0--40 0.05 398 075 0.19 0.09 0.05 0.03 0.50 6.44 3.48 2.29
S11 40--100 0.12 1.28 055 043 0.16 0.02 0.03 0.38 14.86 3.72 0.45
100-150 0.05 398 075 0.19 0.09 0.05 0.03 0.50 6.44 3.48 2.29
0--35 0.02 346 076 022 0.12 0.03 0.12 0.55 1.85 13.31 0.48
S10 35--90 0.02 333 072 022 0.11 0.02 0.05 0.53 4.13 13.20 0.48
90-150 0.02 376 0.84 022 0.13 0.03 0.20 0.57 1.09 14.20 0.46

A) HCO3/Cl ;B) Na/Ca ;C) Na/Cl ;D) Ca/Cl ;E) Mg/Cl ;F) K/Cl ;G) SO./CI ;H) Mg/Ca ;I) Ca/SO, ;J) Ca/HCOs; k)
Na/(Cat+Mg).
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Fig. 5: HCO;/Cl and Na/Cl ionic ratios of soil samples of target area

The fig.5 showed that the ionic ratio was less than 1. This indicate to the slightly effect of chloride
concentration on the suitability of soil and plant except S26, S25, S24, S22, S17 and S11. The ionic
ratio Na/Cl in most soil samples did not affected by salinity elevation except to S24, S23, S22 and S18.

3.8. Comparison of soil profiles and water types in Sodium adsorption ratio (SAR)

In table 7 Sodium concentration is very important parameter for irrigation water quality because
high level of sodium concentration in irrigation water produces an alkaline soil (Todd and Mays, 2005)
describes that SAR is an important parameter for the determination of the suitability of irrigation water
because it is responsible for the sodium hazard. High level of sodium in water causes the undesirable
effects of changing soil properties and reducing soil permeability. SAR value of irrigation water
quantifies the relative proportions of sodium (Na") to calcium (Ca*") and magnesium (Mg?") and is a
measure of alkali/sodium hazard to crop. The SAR values in the study area can be calculated by the
following equation given by Hem, 1991 as:

SAR=Na+/ {Ca*" + Mg /2}0.5
Where, the concentrations are expressed as milli-equivalents per liter.

What SAR provides a beneficial pointer of water irrigation potential detrimental effects on soil
structure and permeability? The concentration of the constituents is expressed in (meq/l). The irrigation
water classification according to SAR values into the following categories; According to
(Richards,1954) based on SAR values, irrigation water is classified into four groups: low (SAR<10),
medium (SAR, 10-18), high (SAR, 18-26), and very high (SAR >26). With respect to the all river
waters of the study area are located in the C1S1 (low salinity and low alkalinity) field. The calculated
SAR values vary from 0.069 to 2.15 and lie in excellent SAR class. High level of sodium in irrigation
waters may change the soil properties and reduce its fertility due to salinization and alkalization
processes (Dehayer et al., 1997). All SAR values were less than 10 and this indicated more suitability
for agriculture (Richards, 1954 and USSL, 1954).

3.9. Relationship between soil characteristics and water types
3.9.1. Hypothetical salt combination of hydro-chemical samples

The combination between major anions and cations reveals formation of one, five and three main
groups of hypothetical salts combinations for the surface water and groundwater (table 5). Regarding
the hypothetical salt combination in al Ismailia canals (irrigation water), water samples, one main
assemblage are detected (I), the presence of Na,SOs salt in this assemblage is a true indication fresh
water recharges. But the presence of MgCl, and MgSOj salts indicates mixed water conditions. So, such
water acquires its chemical composition from leaching and the dissolution of terrestrial salts processes.
The majority of the water samples (80 %) in the study area is characterized by the assemblage of
hypothetical salt combination (IV) regardless of their total salinities, where three sulphate salts (MgCl,

258



Middle East J. Appl. Sci., 12(3): 242-269, 2022
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2022.12.3.25

MgSO, and CaSO4) which reflects the effect of leaching and dissolution of terrestrial salt with some
contribution of cation exchange process as well as downward infiltration of the excess irrigation water
of the cultivated soils and seepage of irrigation canals, that leads to the increase of water salinity. Table
(5) showed the different hypothetical salts freshwater and groundwater. The presence Na,SO; >
NaHCO; > Mg (HCOs), > Ca (HCO:s); indicated the intercontinental origin supply (Nile River). The
presence of Mg ion in groundwater samples with increasing salinity value and this is because sea water
intrusion of Suez Canal. The discussion of the nature of ionic salts in soil depth was more attractive for
scientists, in which the formation of different salts indicated to water type and quality. The origin source
of water in soil extracted would give us the sea water intrusion or water mixing between (salt& fresh
water). The main focusing of an article was study of movement salinity in soil depth and relation
between fresh water (Ismailia canal) and sea water intrusion from Suez Canal. The formation of MgCl,
in hypothetical salts combination indicated to sea water intrusion and old sea water formed in ground
water in this area. The presence of MgCl, in sites W8/W12/W15 indicated that the presence of sea water
intrusion in groundwater in these areas. MgCl, was the dominant hypothetical salts. Hypothetical salts
of irrigation water had the same hypothetical salts symbol IV. The appearance of CaCl, formed in W12
because the high soil salinity. In brief, the most groundwater sites were suitable for specified crops with
limitation and water management program (Advanced Purification Engineering Corp, 2016) [47].

Table 9: Hypothetical Salts Combination in groundwater and fresh water of Ismailia canal

Hypothetical Salts Combination
Hypo.ID NaCl Na;SOs NaHCOs; MgCl: MgSO4 MgHCO3): CaCl, CaSO4 Ca(HCOs):

WS1 I 10 18 11 ND ND 19 ND ND 42
2WS I 9 17 13 ND ND 19 ND ND 42
3WS I 10 18 13 ND ND 18 ND ND 41
6WG I 51 14 ND ND 18 ND ND 15 2
TWG I 43 22 ND ND 17 ND ND 16 1
24WG I 54 11 3 ND ND 18 ND ND 14
25WG I 71 1 1 ND ND 13 ND ND 14
16WG I 66 3 1 ND ND 15 ND ND 15
SWG v 67 ND ND 5 1 12 ND ND 15
12WG VI 69 ND ND 15 ND ND 13 2 1
15WG v 63 ND ND 5 1 11 ND ND 21
IWG I 48 1 19 ND ND 19 ND ND 14
10WG I 42 1 28 ND ND 18 ND ND 11
11WG I 23 1 45 ND ND 15 ND ND 16
23WG I 48 6 14 ND ND 17 ND ND 15
18WG I 47 5 19 ND ND 16 ND ND 14
19WG I 49 5 13 ND ND 18 ND ND 15
17WG I 52 5 4 ND ND 20 ND ND 19
20WG I 50 9 4 ND ND 18 ND ND 19

Hypothetical Salts No. Hypothetical Salts Combination

I NaCl, Na;SO4 , NaHCO3, Mg(HCO3): and Ca(HCO3)»
I NaCl, NaxSOs4 , MgS04, Mg(HCO3); and Ca(HCO3)
I NaCl, Na;SO4 , MgSO4, CaSO4 and Ca(HCO3),

v NaCl, MgCl, , MgSO4 , Mg(HCO3), and Ca(HCO3),

\% NaCl , MgCl, , MgSO, , CaSO4 and Ca(HCO3)

VI NaCl, MgCl, , CaCl, , CaSO4and Ca(HCO3)»
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Fig. 5: Relationships among different hypnotical Na-salts in surface and groundwater samples
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3.10. Soil of exchangeable sodium percentage (ESP) & Cation exchange capacity (CEC)

The exchangeable sodium percentage (ESP) measures the proportion of cation exchange sites
occupied by sodium. Soils are considered sodic when the ESP is greater than 6 and highly sodic when
the ESP is greater than 15(Michiel and Gerhardus, 2019). There are slightly differences in ESP values
from site to another. The western sites far from Ismailia canal had ranged from 6 to 10 % (slightly
sodic). But the nearest sites to fresh water boundary had non-sodic rate. This is because the seepage of
fresh water from Ismailia canal. Most Profiles showed slightly difference of the exchangeable sodium
percentage (ESP) values from up to down and this may be indicated to the homogeny of soil particles
and acceptable water quality irrigation. Profile S28 may be affected by sodic rate in first soil sector and
low ESP values different sectors to reach 150 cm. This may be excessive use of pesticides by farmers.
Cation exchange capacity (CEC) is the total capacity of a soil to hold exchangeable cations. CEC is an
inherent soil characteristic and is difficult to alter significantly. It influences the soil’s ability to hold
onto essential nutrients and provides a buffer against soil acidification. Organic matter has a very
high CEC. The clay mineral and organic matter components of soil have negatively charged sites on
their surfaces which adsorb and hold positively charged ions (cations) by electrostatic force. This
electrical charge is critical to the supply of nutrients to plants because many nutrients exist as cations
(e.g. magnesium, potassium and calcium). In general terms, soils with large quantities of negative
charge are more fertile because they retain more cations (McKenzie, et al., 2004). However, productive
crops and pastures can be grown on low CEC soils. The main ions associated with CEC in soils are the
exchangeable cations calcium (Ca®"), magnesium (Mg®"), sodium (Na") and potassium (K*), and are
generally referred to as the base cations. Profiles (S10 & S11) had high CEC%, this might be the clay
minerals found in different soil depth which increase the sodic content in al profile. Soils with a higher
clay fraction tend to have a higher CEC. Sandy soils rely heavily on the high CEC of organic matter for
the retention of nutrients in the topsoil. Organic matter has a very high CEC as in profiles (S10 & S11)
(Rayment and Higginson, 1992). N (Nitrogen), P (Phosphorous), and K (potassium) are the most
important nutrients for crop production in agriculture. However, inappropriate agricultural management
and land use practice scan turn these nutrients into agricultural pollution sources, hampering the
development of sustainable crop production systems and adversely affecting the environment.
Specifically, rapid population growth and an increasing demand for the transformation of natural
ecosystems into farm land have caused urgent ecological and soil degradation problems (Foley ef al.,
2005). Land use affects different aspects of soil nutrient cycling, such as mineralization, leaching,
absorption, and fixation. For example, the conversion of grassland to farm land has been reported to
increase the number of soil pores (Lipiec et al, 2006) and to change the soil water content and
concentrations of soil nutrients (McLauchlan, 2006). This conversion also promoted mineralization of
soil nutrients and nutrient loss via leaching. Soil nitrogen, Phosphorous and other nutrients significantly
decreased when grassland was reclaimed to farm land (Yang et al., 2008 and Meng ef al., 2008). In
contrast, the content of soil nutrients increased in abandoned farmland (Deng et al., 2013). The nitrogen
compounds ranged from 31 to 96 ppm. These values may be found through seepage of different
fertilizers as urea or others. For phosphorous element, the amount ranged from 0.15 to 6.00 ppm. For
potassium ranged from 29 to 344 ppm. These values were suitable and good results for different crops.

Relationship between degree of dispersion and exchangeable sodium percentage

Exchangeable sodium

Rating Soil dispersion test
percentage

Non-sodic <6 No dlhspersmn ev¥dent after 24 hours. Aggregates slaked but
not dispersed (milky) clay.

Slightly sodic 6-10 Dispersion (‘mllky halo) evident after 24 hours. Soil
aggregates slightly disperse.

Moderately 6-10 Dispersion (milky halo) evident after several hours. Soil

sodic aggregates partially disperse.

Highly sodic ~15 Dispersion (milky halo) evident in less than 30 minutes.

Soil aggregates completely disperse.
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Table 10: Relationship between soil depth and organic matters & nutrients and sodium ratios

Profile Depth CEC SAR ESP ocC oM N P K
No Cm % ppm
0---15 3.05 8.71 10.92 0.56 097 62.1 5.1 280
$2 15—50 5.10 8.16 10.35
50—100 3.60 8.05 10.24
100-150 4.80 7.75 9.93
0—30 5.60 8.43 10.63 027  0.46 70.1 1.92 298
S3 30—100 3.60 7.43 9.60
100-150 2.10 7.49 9.66
0—I15 2.40 7.94 10.13 0.63 1.10 59.2 0.82 78.2
S4 15—90 223 7.55 9.73
90—150 5.60 7.27 9.44
0—30 4.19 7.83 10.02 043 0.75 51.7 1.96 289
S5 30—100 3.19 9.25 11.48
100-150 3.60 8.03 10.22
0—30 3.40 13.18 15.53 052 0.90 442 0.15 117.3
S28 30—100 5.60 8.48 10.69
100-150 3.90 8.18 10.37
0—30 4.20 8.23 10.43 043 074 35 0.64 29.9
S26 30—100 433 13.33 15.68
100-150 2.05 10.44 12.70
0—50 3.19 8.45 10.65 0.54 095 35.1 0.44 57.5
S25 50—100 3.80 7.91 10.10
100-150 4.20 7.47 9.65
0—30 5.10 7.28 9.44 032  0.56 66.1 5.92 287.4
S24 30—100 3.20 8.34 10.54
100-150 3.60 7.26 9.43
0—30 451 7.61 9.78 039  0.68 76.1 2.9 298
S23 30—100 3.60 7.48 9.65
100-150 4.00 7.45 9.62
0—30 3.80 7.51 9.69 047 082 31.2 0.84 89.7
S22 30—100 3.86 7.59 9.77
100—150 3.60 7.20 9.36
0—50 3.88 8.19 10.38 046  0.81 66.9 4.92 269.4
S18 50—100 3.57 9.24 11.47
100-150 3.03 8.52 10.73
0—30 2.79 9.58 11.82 0.59 1.03 53.5 0.18 345
S19 30—100 4.26 8.42 10.62
100-150 6.36 7.75 9.94
0—30 3.39 7.36 9.53 052 091 51.7 0.5 82.8
S17 30—100 3.60 10.65 12.92
100-150 3.57 8.96 11.17
0—30 6.56 7.84 10.02 0.16  0.27 88.1 5.6 313
S7 30—100 5.60 10.18 12.44
100-150 3.57 8.15 10.34
0—50 3.80 7.67 9.85 047 082 80.2 4.6 324
S8 50-100 6.34 7.72 9.90
100-150 3.60 7.32 9.49
0—40 18.90 7.87 10.05 1.26  2.19 96.91 6.16 3443
S11 40—100 29.30 7.92 10.11
100-150 31.20 7.95 10.14
0—35 19.00 9.12 11.34 1.27 221 88.805 5.64 315.5
S10 35—90 29.60 9.07 11.29
90-150 27.60 9.25 11.48
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Fig. 9: maps showed CEC & ESP and SAR for soil specification

3.11. Suitability of agriculture crops according soil and water quality

The Salinity hazard can happen when salts accumulate in the zone of the crop to reduce the root
sum of water existing at the roots. The available amount of the reduced water occasionally hits such
levels that are adversely affecting the crop yield. Plant’s growth gets slow rate and drought-like
symptoms begins to build up when this water pressure is extended (Ayers and West 1985). A high
osmotic potential is caused by high salinity in the water (or soil solution). Plant roots can be burnt and/or
flagged by some salts with a toxic effect. The elevated rates of some metals may intervene with
proportional availability and plant absorption of other micronutrients (Porter et al., 2005). It is closely
related to Total Dissolved Solids (TDS) due to the function of the ionic solute concentrations were
classified the groundwater based on salinity hazard into these categories; (Todd, and Mays, 2005)

Excellent groundwater (EC < 250us/cm)/Good groundwater (EC ranges from 250 —
750ps/cm)/Allowed groundwater (EC ranges from 750 — 2250us/cm)/Unsuitable groundwater (EC >
2250us/cm). The total dissolved solids (TDS) are a measure of the total mass of ions dissolved in water.
Different methods are used for water classification corresponding to its salinity value. According to
Chebotarev, (1955), the natural water is classified into three main categories of total salinity, fresh water
(TDS up to 1500mg/L), brackish water (1500 — 5000mg/L) and saline water (TDS more than
5000mg/L). According to this classification, the surface water samples in the study area are related to
the fresh water type. Table.12 showed the different values of salinity in watery extract soil at different
depths in different farms and showed the different salinity of water types (irrigation water & drainage
water and water table). The low salinity is attributed to the contribution Al Salam canal to the water
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table sub-surface at different parts in the study area, i.e., there is a recharge from these canals to the
groundwater in the study area. While, in the other parts of the study area, the high salinity in the
groundwater is due to the leaching and dissolution processes of marine soil during the fresh water flow
from up-surface to down surface at different depths. The vital aiming of paper was the best crops could
give the highest productivity of crops and what crop types agriculture. Figure.10 showed different crops
could use with different outcome results. The increasing of soil & water salinity in some areas and also
poorly organic matters & nutrients led to decreasing of plant productivity. So that, some
recommendations need to use as alternatives new technological fertilizers that achieving good
management results.
There some limitations natural or localize that hinder agriculture:

= [n some area we need to soil washing by fresh water that had low salinity values.

= Addition of agriculture fertilizers (organic fertilizers).

= Depending on foliar fertilizers to avoid alkalinity & high soil salinity and hardness texture of soil.

= Excellent agriculture managements for all process.
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Fig. 10: Showed some crops (Alfalfa 1 & Groundnuts 2 & Pepper 3 & Mango 4 & Olive 5 and Wheat
6)

4. Conclusion and Recommendation

In the present study, an attempt has been made to evaluation the groundwaters of the unconfined
aquifer around target area and relationship with soil profiles and suitability of agriculture plants. It is
found that the shallow depth to groundwater around target area causing that area more weakness to
bedrocks chemical composition and seepage of Suez Canal. Especially with heavily use random
fertilization. Meanwhile, the eastern surrounding areas near from the main source of Ismailia canal have
a water low salinity and groundwater quality is suitable for all agriculture crops. it can be concluded
that the seepage from Ismailia canal to the surrounding areas with losing stream conditions but at some
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local parts it acts as gaining stream. In general, Ismailia canal could be considered as recharge source
for the unconfined aquifer of the study area. The lower values of precipitation in the study area lead to
less opportunity to leaching the contaminants in the study area. From chemical analysis showed that the
salinity value in an allowed range for fresh water. Samples gave higher values of SO4/Cl and Ca/Mg
ratios might indicate a long residence time of the groundwater in the aquifer which enables the
dissolution of small gypsiferous fractions that are dispersed throughout the aquifer. The presence of
shale and marl intercalation within the fissured and cavernous limestone aquifer promotes the exchange
reactions and dissolution processes which can potentially influence the hydro-geochemical
characteristic of the groundwater. The hydro chemical categories of surface water were Bicarbonates >
Sulphate > Chloride. The salinity of surface water ranged from 250 to 302 ppm and pH ranges from 7.8
to 8.2 that indicate to high alkalinity content (high bi-carbonate content). The salinity content of
groundwater of target area varies from 1870 and 5240 ppm. This indicates to a high difference in salinity
values from sites near to Ismailia canal (fresh water) in east and samples was far from canal. The
chemical nature of bedrocks in our target area contains limestone with intercalated with salty clay with
different earthy minerals. The dissolution and leaching process occurred with time, so it is a big
problems in future view for the western sites of target area (recommended points). The main focusing
of an article was study of movement salinity in soil depth and relation between fresh water (Ismailia
canal) and sea water intrusion from Suez Canal. The formation of MgCl: in hypothetical salts
combination indicated to sea water intrusion and old sea water formed in ground water in this area. The
presence of MgCl, in sites W8/W12/W15 indicated that the presence of sea water intrusion in
groundwater in these areas. MgCl, was the dominant hypothetical salts. Hypothetical salts of irrigation
water had the same hypothetical salts symbol IV. The appearance of CaCl, formed in W12 because the
high soil salinity. In brief, the most groundwater sites were suitable for specified crops with limitation
and water management program. The total suspended substance concentration was in a permissible limit
for agriculture. The major analysis that effect on groundwater quality from Esmalia canal were pollution
chemical or microbial that affect directly on the productivity on crops. Chemical oxygen dissolved
concentration varied and this data in permissible limit for good agriculture irrigation. The biochemical
oxygen dissolved was a pollution guide in water, but the low value in surface water in Ismailia canal
not much and less risk effect on plant. It is possible seepage of municipal or anaerobic bacteria pollution.
The total nitrogen and total phosphorous were in a permissible limit. The heavy metals content in all
samples of surface water in a limited standard ranges. In groundwater samples some sites have moderate
values of iron content but in standard range, in general, there no any harmful effect on the productivity
of different crops. The increasing of soil & water salinity in some areas and also poorly organic matters
& nutrients led to decreasing of plant productivity. So that, some recommendations need to use as
alternatives new technological fertilizers that achieving good management results. Such as some area
we need to soil washing by fresh water that had low salinity values. Addition of agriculture fertilizers
(organic fertilizers) & Depending on foliar fertilizers to avoid alkalinity & high soil salinity and
hardness texture of soil and Excellent agriculture managements for all process. Sandy soils rely heavily
on the high CEC of organic matter for the retention of nutrients in the topsoil. Organic matter has a very
high CEC as in profiles (S10 & S11). All SAR values were less than 10 and this indicated more
suitability for agriculture. There are slightly differences in ESP values from site to another. The western
sites far from Ismailia canal had slightly sodic. But the nearest sites to fresh water boundary had non-
sodic rate. This is because the seepage of fresh water from Ismailia canal. Most Profiles showed slightly
difference of the exchangeable sodium percentage (ESP) values from up to down and this may be
indicated to the homogeny of soil particles and acceptable water quality irrigation. Profile S28 may be
affected by sodic rate in first soil sector and low ESP values different sectors to reach 150 cm. This may
be excessive use of pesticides by farmers.
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