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OOR water quality mainly exists because of the increasing population and horizontal

expansion which are associated with deterioration in sanitation and crop productivity. The
present study is aiming to assess the quality of different water sources and soil under sea water
intrusion along 3 directions in North Delta, Kafr El-Sheikh Governorate. A total of 45 water
samples were collected from 15 locations along 3 lines. The results showed that the salinity,
sodicity and nitrate concentrations of irrrigarion water were increased toward the north due to
the use of blended water for irrigation. The concentrations of Mn, Pb, Cd, Fe and Zn for all
drains were varied from 0.20 to 1.36, 0.15 to 0.97, 0.0 to 0.2, 0.29 to 2.70 and 0.0 to 0.1
mgL-!, respectively. The lowest values of soil salinity and sodicity were recorded far from the
sea, while the highest values were recorded near the sea. It could be rendered to the effect of
artesian pressure of saline ground water near the sea, where the highest value reached 20.25dS
min line 1 and the lowest value was observed in line 3. Sea water intrusion were calculated for
the studied ground water samples and followed the decending order of : line 3> line 2> line 1.
On the other hand, appreciable quantities of residual sodium carbonate (RSC) were -1.51,-7.99
and -34.1 for irrigation, drainage and groundwater, respectively. The water samples having high
RSC can have an appreciable sodicity hazard.
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Introduction

Lakes and reservoirs are major water resources
as these hold about 90% of the world’s surface
fresh water and are the key for agriculture (Afify
et al. 2019). Water resources in Egypt are limited
to the withdrawal share from the Nile water; the
limited quantity of rainfall and groundwater. The
non-traditional resources of water include reuse
of treated wastewater and agricultural drainage
water, as well as the desalinization of seawater
and brackish water (Allam and Allam 2007).

The rapid increase in population growth
will threaten a severe shortage of drinking
water supplies in the nearest future and rapid
deterioration is occurring in surface and
groundwater quality (Shepl et al. 2017).

The Nile River sediments are the major source

of persistent bioaccumulative toxic chemicals
which may threaten the ecological and human
health, even after contaminants are no longer
released from sources (Eaton et al. 2013).
Nowadays, water pollution is a serious problem
in the majority of developing countries. It is
usually caused by untreated sewage, industrial
discharges, and agricultural chemicals. During
the next decades, problems will associate with
lack of water and pollution of water, In addition,
without adequate quality and sufficient quantities
of water, billions of people will continue to suffer
illness arising from a poor environment, improper
disposal of excreta and polluted water (Awad
2019).

Environmental pollution caused by toxic
heavy metals constitutes a significant problem
in our modern society and particularly water
pollution due to the disposal of heavy metals is a
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great concern worldwide (Petros et al. 2019). The
physical and chemical approaches can be used to
evaluate the water quality in relevant locations.
Further studies based on biological approaches
should be also carried out. (Abdallah et al.
2019). It can be demonstrated that expansions of
groundwater pollution is more along Industrial
area as compared to agricultural and residential
zones (Anwar and Abdul Gaftar 2018).

The deterimental consequences of nitrate
leaching affecting groundwater quality are much
more evident in intensive agricultural areas and,
particularly, in arid and semi-arid regions. In such
areas, the use of saline water is a further likely
option to meet crop water requirements (Ibrikci
et al. 2015). Nitrate nitrogen concentrations
leaving surface drains in North Delta, Egypt
exceed the U.S. Environmental Protection
Agency (1991) maximum contaminant level
for drinking water of 10 mg L. There is an
urgent need to monitor and assess soil quality
especially in salt-affected soils because these
soils can be used to increase food and feed
productivity; enhance environmental quality and
increase carbon sequestration (Elbasiouny 2017).
Injudicious use of poor quality ground waters in
many arid and semi-arid regions for irrigation
leads to the build-up of salinity and/or sodicity
in soil and deterioration of soil health because
of which sustainability of crop production is
adversely affected (Choudhary and Kharche
2018).

To achieve the proper management of
groundwater resource in this region, it is important
to understand the patterns of seawater movement

and mixing between fresh and saline groundwater.
In order to understand the salinity distribution and
seawater movement, the actual heterogeneity and
stratigraphy of the Nile Delta aquifer should be
determined. (EI-Kiki 2018). Therefore, the aim
of the present study is to investigate, salinity and
some agrochemical pollutants (nitrate and heavy
metals) in surface and groundwater and soil in
North Nile Delta.

Materials and Methods

Fiveteen locations in Northern Part of the Nile
delta in Kafr El-Shiekh Governorate, between
31°10’ 22" and 31°16’ 10” N latitude and 30°35’
25" and 30°39' 36" E longitude, starting from
Kafr El-Shiekh towards the Mediterranean Sea,
in three directions where the length of line about
30 km and the distance between the lines a bout
10 km (Fig. 1). Some chemical properties of
irrigation, drainage, groundwater as well as the soil
were measured. All studied locations are clayey in
texture where the clay content was more than 50%.
The water samples were collected starting from
December, 2017 to August, 2018. Sample of 2.5
liter was collected three times from each location
for drains and canals at 50 cm depth below the
water surface and stored in clean Pyrex borosilicate
brown glass bottles for chemical analysis.

Water analysis

Water samples were filtrated using filter
paper No.1 and subjected to chemical analysis as
follows: EC, pH and soluble cations and anions
were determined as described by (Rowell 1994).
Also, SAR parameter was calculated using
Richard equation (1954).

Fig. 1. Locations of the studied area.
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Soluble heavy metals (Mn, Zn, Cd, Fe
and Pb) were determined using the standard
method described by using Atomic Adsorption
Spectrophotometer Perkin Elmer 3300. And
nitrate in water samples were analyzed using
Kjeldahl method (Cottenie et al. 1982).

Soil analysis

Sampling sites were selected to represent
the major soil analysis in the study area. Soil
surface samples (0-30 cm) were collected at
approximately 20-30 m far from drains. The
samples were sealed in polyethylene bags and
transported to the laboratory for analysis. The
collected soil samples were air dried at room
temperature (25°C), pulverized, Passed through
2 mm sieve and stored to be ready for further
analysis. The characteristics of soil samples were
measured as follow:

Soil pH was measured at 1:2.5 (soil: deionized
water suspension) using a calibrated pH-meter
(Jenway 3510, UK). Soil salinity was measured
in supernatant of 1:5 soil: water extract using EC-
meter (Rowell 1994).

Available potential toxic elements: Ten
grams of air-dried soil was placed in a 125-ml
conical flask, and 20 ml of the DTPA extracting
solution was added. Each flask was covered with
stretchable Parafilm and secured upright on a
horizontal shaker with a stroke of 8.0 cm with a
speed of 120 cycles/min. After 2 hours shaking,
the suspensions were filtered by gravity through
Whatman no. 42 filter paper. The filtrates were
analyzed for Zn, Fe, Mn, Cd and Pb using atomic
absorption spectrophotometry and appropriate
standards perkinelmer 3300) (Lindsay and
Norvell, 1978).

Available nitrogen was extracted by 2M KCI.
According to cottenie et al. (1982), using a semi-
Automatic-micro Kjeldahl (Behr2).

Calculated the sea water intrusion with

groundwater
> Based on the range of CI'/ (CO,?

+HCO;,) ratio and the water can be classified as

follow:

a) fresh ground water (<0.05),

b) slightly contaminated ground water (0.05-
1.30),

¢) moderately contaminated ground water (1.3
-2.8),

d) injuriously contaminated ground water (2.8-
6.6),

e) highly contaminated ground water (near sea
water) (6.6-15.5)

f) sea water (>20.0) (Mohan Babu et al., 2013)

Quality indices

»  Water quality classes according to
USDA (1954) were; C1, C2, C3 and C4, represent
low, medium, high and very high salinity and also,
S1, S2, S3 and S4 represent low, medium, high
and very high sodicity, respectively.

»  SCAR; Sodium: Calcium activity ratio=

Na2 = +Ca meq/l
»  RSC=(CO,”+ HCO") — (Ca* + Mg™)

»  Salinity was measured in terms of
electric conductivity EC measured as dSm'.
Soluble sodium percentage (SSP) was calculated
according the following:

ssp =—"% 4100
YCations

»  Magnesium Hazards
MH -Mg + Ca + Mg

»  The permeability index PI was calculated
according to (Doneen, 1964).

Na + vHCO3 10
- X
Na+Ca+ Mg

The other measurements were made by
Irrigation Water Assessment Model (IWA-Mod),
this model helps the users to evalute water quality.
This model is a computer model that can be used
to assess the quality of irrigation water through
some important indicators such as salinity, SAR,
SSP, RSC, SCAR, PS, MAR and PI)..... etc.
IWA-Mod is an acronym for irrigation water
assessment model.

The Geostatistical analyst in  ArcGIS
10.1 (ESRI, 2012) was used to develop the
semivariogram between each pair of points versus
their separation distances. This semivariogram
was used in predicting soil salinity within the
studied area.

Results and Discussion

o Salinity and sodicity in irrigation water

Data in Table (1) and Fig. (2) revealed that
the salinity and sodicity values of the studied
irrigation water samples ranged from 0.50 to
2.07 dS/m and 1.60 to 8.49, respectively in all
studied locations. Results showed that the salinity
and sodicity of irrrigarion water were increased
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toward the north (end of canals). This may be due
to the shortage of irrigation water in north parts
and consequently irrigated by drainage water. The
monitored concentrations of salinity and sodicity
in the studied waterirrigation samples were
mostly considered aslow to moderate according
to international guideline concentrations of FAO
(2002) which are ECw <0.7 - 3 dS m™ and SAR
< 3 -9 %. Generally, values of pH had narrow
range in all water samples which varied from
7.01 to 7.44. This water is considered suitable
for irrigating almost all soils with little danger of
the development of harmful levels of salinity and
sodicity. It could be concluded that water quality
in the line (El-Sheikh Ibrahimcanal and Shalama)
was less than that in the Bahr El-Sedey (line)
these results in agreement with (El-Ghannam
2012). The use of poor water quality for irrigation
may play very bad role in the contamination and
degradation of the agricultural soils. Generally,
the long term application of the poor quality and
polluted drainage water may increase the content
of heavy metals.

Nitratecon centration in irrigation water

Nitrate concentrations of water samples
collected from the studied irrigation canals (Table
1) varied from 3.55 to 27.55 mgL'. The majority

I0°IE0E 30°40°07E I0"450E

of nitrate nitrogen concentrations leaving surface
water in North Delta, Egypt exceed the U.S.
Environmental Protection Agency (1991) may
led to maximum contaminant level for drinking
water of 10 mg L. Nitrate concentrations in
irrrigarion water was increased toward the north
(end of canals) due to the used of mixed water
for irrigation. It is cleary shown from the data that
NO3- values were increased towards Burullus
lake may be due to increase the mobility of NO,”
in soil solution and disposed to the drainage water
(Antar et al. 2012).

Heavy metals in irrigation water

Heavy metals concentrations (Mn, Pb, Cd, Fe
and Zn) inirrigation water of North Delta (Table
1), varied from one metal to another and also
from one canal to another. The concentrations of
Mn, Pb, Fe and Zn for all irrigation canals were
varied from 0.01 to 1.82, 0. 0 to 0.20, 0.0 to 0.63
and 0.0 to 0.01 mgL™!, respectively. Soil samples
collected from different irrigation canals were
free from Cd. The obtained results were agreed
with findings of Abd El-Razik (2019). The heavy
metals of irrrigarion water were increased toward
the north (end of canals) may due to the use of
drainage water for irrigation.
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Fig. 2. The values of EC of irrigation water samples in the studied area.
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TABLE 1. The mean values of some irrigation water properties.
: -1
Site EC, SAR PH NOS}_ Available heavy metals (mgl™)
dS/m mgl’! Mo Pb Cd Fe Zn
L1S1 0.55 2.49 7.22 9.35 0.03 Nd Nd 0.05 Nd
L18S2 0.75 2.68 7.35 19.62 0.03 0.05 Nd 0.07 Nd
— L1S3 0.8 333 7.32 23.15 0.04 0.06 Nd 0.09 Nd
g L1S4 1.9 7.75 7.15 20.65 0.08 0.19 Nd 0.09 Nd
H L1S5 2.07 8.49 7.28 27.55 0.5 0.2 Nd 0.63 Nd
Average 1.2 49 7.3 20.1 0.1 0.1 - 0.2 -
SD 0.71 292 0.08 6.772 0.2 0.09 - 0.2 -
L2 S1 0.5 1.82 7.25 7.99 0.01 0.05 Nd 0.04 Nd
L2S2 0.55 1.60 7.39 11.82 0.02 0.05 Nd 0.05 Nd
~ L2 S3 0.6 1.84 7.44 15.3 0.04 0.09 Nd 0.09 Nd
2 L2 S4 0.85 2.14 7.25 18.86 1.66 0.13 Nd 0.25 Nd
= L2 S5 1.4 2.79 7.01 20.25 1.82 0.19 Nd 0.54 0.01
Average 0.78 2.0 7.3 14.8 0.7 0.1 - 0.2 -
SD 0.37 0.46 0.17 5.04 0.94 0.06 - 0.21 0.0
L3 S1 0.9 2.62 7.2 3.55 0.01 Nd Nd Nd Nd
L3 S2 0.95 3.53 7.14 3.65 0.02 Nd Nd Nd Nd
L3 S3 1.1 3.42 7.02 9.5 0.04 0.05 Nd 0.05 Nd
o L3 s4 1.15 3.66 7.06 12.55 0.06 0.09 Nd 0.09 0.01
'E L3 S5 1.45 3.57 7.2 17.45 0.18 0.13 Nd 0.25 0.01
Average 1.1 34 7.1 9.3 0.01 0.1 - 0.1 0.0
SD 0.22 0.42 0.08 5.96 0.07 0.06 0.0 0.1 0.0

Nd : not detected, SD : standerd deviation.

e Salinity and sodicity of drainage water

The salinity and sodicity of the drainage
water might be affected by some factors such as
land use, crop pattern, soil management, drains
locations and drainage system efficiency. Data in
Table (2) revealed that salinity and sodicity values
of the drainage water samples ranged from 1.40 to
4.45 dS m! and 2.06 to 10.62, respectively. The
monitored concentrations of salinity and sodicity
in the studied drains water were mostly considered
slight to moderate according to international
guideline concentrations mentioned recommended
by FAO/RNEA (1993). The increase in salinity
and sodicity in the drainage water of this studied
area, espcieally in the north are mainly ascribed
to the inflow and contamination with the saline
water through the soil and sea water intrusion.
According to USDA diagram, the studied
samples of all locations are in class C,S1 and
C,S,. According to Richards (1954) classification
C,S, and C,S, Class water are high to very high
saline and low sodium content. Such water can be
used with restricted drainage even with adequate
drainage, special management for salinity control
may be required, and salt tolerant crops must
be selected. Therefore, such water is considered
slightly dangerous for irrigation purposes. Values

of pH had narrow range in all water samples
which varied from 7.01 to 7.45.

Nitratein drainage water

Nitrogen in drainage water is mainly in the
form of nitrate, but may also be in the form of
ammonium although ammonium that readily
adsorbed by the colloids is rapidly oxidized into
nitrates. Nitrate of water samples collected from
the studied drains (Table 2) varied from 19.5
to 54.56 mgL"' in all drains. Nitrate nitrogen
concentrations leaving surface drains in North
Delta, exceed the maximum contaminant level
for drinking water (10 mg L") according the U.
S. Environmental Protection Agency (1991). The
considerable variation in NO, concentration in
drainage water may be ascribed to several factors
including soil properties, amount of irrigation
water, air temperature, evaporation rates, drainage
system and forms of applied fertilizers, its uptake
by plants and adsorption and fixation of NH," on
the 2: 1 clay minerals (Dinnes et al. 2002).

Heavy metals in drainage water

With regard to heavy metals in drainage water,
the data in Table (2) and Fig. (4) showed that the
concentrations of Mn, Pb, Cd, Fe and Zn for all
drains were varied from 0.20 to 1.36, 0.15 t0 0.97,
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0.0 to 0.2, 0.29 to 2.70 and 0.0 to 0.1 mgL",
respectively. These results were agreed with
findings of Abd El-Razik (2019).

The highest concentration levels for Mn and
Cd in water drains were not permissible comparing
to the maximum levels stated by FAO (1993) (0.2
and 0.01 mgL"', respectively). While, pb, Fe
and Zn concentrations ranged from 0.15 to 0.97,
0.29 to 2.70 and 0.0 to 0.1mgL"!, respectively,
they, therefore were lower than the maximum
permissible levels stated by FAO (2002), (5,
5 and 2 mgL"', respectively). Therefore, the
use of polluted drainage water without good
treatment make these toxic elements accumulated
in soil with time, leading to increase of their
concentrations in soils and plants and therefore,
enter into the food chain causing dangerous
complications to man and other biota. These toxic
metals may cause kidney and liver failure, anemia,
cancer, in addition to chromosomal aberrations
(El-Sanafawy et al. 2010).

o Soil salinity and sodicity

Salinity and sodicity values of the studied
soil in Table (3) and Fig. (5) ranged from 0.85 to
8.73 dS/m and 2.68 to 12.11, respectively. The
lowest valuesof salinity and sodicity of the soil
were recorded farfrom the sea and the northen
lake, while the highest values were recorded near
the sea and the northen lake. This may be due to
the low quality of irrigation water and sea water
intrusionin the northern area. pH values of the all
soil samples (Table 3) were increased towards the
sea and varied from 7.15 to 8.45.

Nitrogen in soil

Nitrogen (N) content of the studied soil samples
(Table 3) varied from 22.6 to 190 mgL"'. The
majority of Ncontentin the studied soil exceed
the critical level 40 mg L' according to U. S.
Environmental Protection Agency (1991). The
data showed that the N values were higher in
the 1% line than that in the 2" and 3" lines, may
be due to the intensive application of mineral

TABLE 2.The mean values of some drainage water properties.

Available heavy metals (mgl™)

Site EC, dS/m SAR pH NO_31
mgl Mn Pb Cd Fe Zn
L1Sl 1.4 2.06 7.18 19.5 02 015 Nd 045 001
L1s2 1.6 3.44 7.21 259 025 025 Nd 055 Nd
. LIS3 1.85 327 7.24 358 026 035 Nd 065 001
2 Lis4 2.46 9.54 7.22 3045 025 054 Nd 055 0.0l
= LS5 3.79 8.45 7.01 295 055 025 Nd 07 00l
Average 222 5.35 7.17 2823 030 031 - 058  0.01
SD 0.90 0.39 0.09 603 014 015 00 01 0.0
L2 Sl 1.6 4.94 7.15 4347 045 037 Nd 1 00l
122 2.0 3.95 7.19 4145 075 085 Nd 1.5 002
o L2s3 17 3.15 7.11 3778 085 09 Nd 145 0.1
2 L2s4 22 3.78 7.25 2575 05 072 Nd 26 00l
= L2ss 3.75 4.96 7.4 2155 075 097 Nd 27 00l
Average 225 4.16 7.22 34 0.66 076 - 178  0.03
SD 0.87 0.78 0.1 978 017 024 00 081 0.04
L3S1 15 7.55 7.45 5245 09 06 Nd 15 01
L3S2 1.9 6.76 7.23 5456 105 075 Nd 135 0.1
L 13S3 22 10.52 7.29 3045 15 065 Nd 155 001
2 13s4 3.0 5.42 7.35 2875 081 065 01 035 005
— S3 'S5 4.45 5.48 7.44 2575 136 025 02 029 0.02
Average 2.6 7.15 7.35 3839 112 058 0.5 1.01 0.6
SD 0.96 3.39 0.09 603 014 015 00 0.10 0.0

Nd : not detected, SD : standerd deviation.
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N-fertilizers for vegetable production. The mean
values of N in soil were decreased towards the
ends of drains and water canals (111 to 29.5 ppm
in the first line), may be due to the increase of
salinity level.

Heavy metals in soil

Data in Table (3) showed clearly that the heavy
metals content of the studied soil were parallel
to the contents of heavy metals in the drainage
water. Heavy metals contents (Mn, Pb, Cd, Fe and
Zn) of the studied soil varied from one metal to
another, and also from one drain to another. The
data showed that the content of Mn, Pb, Cd, Fe
and Zn for all soil samples ranged from 0.0 to 6.3,
0.01 to 1.31, 0.0 to 1.15, 0.01 to 11.0 and 0.0 to
4.30 mgL!, respectively.

Sea water intrusion into fresh water aquifers

TABLE 3. The mean values of the studied soils properties.

The data in Fig. (6) showed the interfacing and
monitoring of seawater. Locating the saline/fresh
water and its dynamics are essential for sustainable
management of coastal groundwater systems. Sea
water intrusion is the movement of sea water into
fresh water aquifers due to natural processes of
human activities. Cl/ (CO,? + HCO,) ratio, may
also helpful in diagnosing sea water intrusion
problems. The EC values of ground water were
increased towards Burullus Lake and the sea. It
could be rendered to the effect of artesian pressure
of saline ground water near the sea, where the
highest value reached 20.25dS/m in the line 1 and
the lowest value 2dS/m was observed in the line 3.
Sea water intrusion were calculated for the studied
groundwater samples and followed thedesending
order of: line 3 > line 2 > line 1. The problem
of sea water intrusion is depending on the state
of equilibrium between miscible fluids, fresh

Available heavy metals (mgl™)

EC,

NO

3
Site dS/m SR - mg T Ma Pb 4 Fe Zn
LISl 0.85 2.68 7.22 11 Nd 00l Nd 0016 02
L1S2 1.0 420 7.15 190 01 05 00l Nd 025
LIS 22 3.66 8.02 92.5 1 15 19 Nd 031
2 Lis4 45 5.66 7.93 104 53 21 35 Nd 05
= Liss 6.1 8.78 8.32 29.5 63 158 25 Nd 055
Average 2.93 5.0 7.73 1054 32 114 198 002 036
SD 23 237 0.52 5727 301 086 155 001 015
L2 Sl 1.8 3.03 7.75 40 215 089 1.8 001 025
1282 26 2.98 7.78 26 45 31 295 009 035
. L2s3 55 9.56 8.45 32 437 85 145 051 04
2 L2s4 75 10.64 8.04 43 53 9 43 075  0.65
- 12ss 8.73 12.11 8.41 45.0 10 135 L1511
Average 5.23 7.66 8.09 3652 526 650 268 05 055
SD 3.01 435 0.33 922 289 429 134 047 034
L3Sl 125 3.04 7.70 130 01 00l Nd Nd 00l
L3s2 2.84 2.84 7.95 80 02 02 Nd Nd o0l
L 13S3 2.9 29 8.00 108 15 15 002 0017 131
2 L3s4 53 53 8.10 110 27 17 006 0024  1.06
= 385 7.0 7.0 8.38 115 35 25 15 0014 116
Average 3.86 422 8.03 1086 1.6 118 .53 002 073
SD 228 1.87 0.25 1816 15 105 066 001  0.62

Nd : not detected, SD : standerd deviation.
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Fig. 5. Sea water intrusion in the ground water in the northern region.

groundwater and sea water. The contact zone is
found between the lighter fresh water underlying
sea water, which is actually considered as a
mixing or transition zone through dispersion of
water salinity (EI-Ghannam 2012).

Assessement of water sources in the North Nile
Delta by IWA-Model

o Salinity problems

Classification of irrigation, drainage and
ground water with respect to salinity hazard
is based primarily on the anticipated possible
development of salinity in soil that will be
irrigated with such water to the extent that
yields are adversely affected. The EC values
of the different water sources were increased
towards the sea, and the average of EC values
for irrigation and drainage wate were 1.2, 1.95,
and 2.7 dS/m. (Tables 4, 5 and 6). These values
lie in the moderate category of salinity and their
classification categories according to the USSL
(1954) is C, class with moderate limitation for
use and needs leaching requirments at moderate
rate. In general, it can be concluded that salinity
of drainage water is slightly higher at line 3 than
line 1.

e Sodicity problems

Although plant growth is primarily limited
with the salinity of the irrigation water, the
application of water with a sodium imbalance
can further reduce yield under certain soil texture

conditions. Reductions in water infiltration can
occur when irrigation water contains high sodium
relative to the calcium and magnesium contents.
On the other hand, when quantities of residual
sodium carbonate (RSC) were appreciable high
(-1.51,-7.99 and -34.1 for irrigation, drainage and
groundwater, respectively) as shown in Tables 4,
5 and 6, they can have an appreciable sodicity
hazard. The concept of RSC appears to relate
better to sodicity problem in the field (FAO 1988).

o Permeability hazards

The soil permeability is affected by long
term use of irrigation water as it influenced the
sodium, calcium, magnesium and bicarbonate
content of the soil. Doneen (1964) gave a criterion
for assessing the suitability of groundwater for
irrigation based on the permeability index which
to claasified classl (>75%), class 2 (25-75 %)
and class 3 (<25 %). Class 1 and 2 water are
categorized as good for irrigation with 75 % or
more of maximum permeability. Class 3 water is
unsuitable with 25 % of maximum permeability
as shown in Tables 4, 5 and 6.

Conclusion

Using low quality water for irrigation purpose
should be under control, with integrated soil
management to avoid soil deterioration and
reduction of yield production. all drains in the
northern part flow back to the canals and many
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irrigation canals are contaminated with pollutants
from domestic sources and heavy metals. So
drainage water should be remidated to alleviate

the amounts of heavy metals to the permissible
limits. Cultivation of rice crop is a must in the
coastal area to avoid sea water intrusion.

TABLE 4. Quality assessement of irrigation water by IWA-model.

i Salinity  Sodici USSL USSL\
Location SSP  SAR RSC SCAR  PI PS  MAR Hazarg ng Inder Class
SI 5017 249 -040 218  77.65 249 3448 2 s C2S1  Good
_S2 4993 268 -040 247 7583 301 4118 2 s1 C2S1  Good
2 S3 5198 333 -1.00 289 7232 416  33.33 c3 s C3S1  Appropriate
=S4 6620 775 -200 802  77.09 13.68  53.33 c3 S2 €352 Acceptable
S5 67.09 1149 -9.00 1246 7274 3335 5742 C4 83 C4S3  Very poor
SI 3846 182 -060 179 6673 233 4878 2 s1 C2S1  Good
o S2 3316 160 055 151 6146 260  43.56 2 s1 C2S1  Good
2 83 3648 184 055 161 6682 183 3434 2 s1 C2S1  Good
<S4 4161 214 070 189 6809 288 3571 c3 s C3S1  Appropriate
S5 4074 279 -030 259 6194 630 4231 c3 sl C3S1  Appropriate
SI 4619 262 265 237 6259 521 3871 c3 s1 C3S1  Appropriate
. S2 5392 353 <175 335 7100 604 4444 c3 s1 C3S1  Appropriate
2 83 4858 342 215 314 6584 658  40.65 c3 s C3S1  Appropriate
~ sS4 5002 366 095 361 69.00 631 4839 c3 s C3S1  Appropriate
S5 4667 357 -0.75 359 6555 725  50.65 c3 s1 C3S1  Appropriate
Average  48.09 3.65 -1.51 120  3.56 6898 43.15
SD 964 261 223 114 292 532 137

*SSP soluble sodium percentage, SAR sodium adsorption ratio, RSC residual sodium carbonate, SCAR sodium calicm activity ration,
PI permeability index, PS potinal salinity, MAR maginsem hazard, ST standard deviation.

[E [IWA-Mod Ver. 1.0-2013] - Irrigation Water Assessment Model
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TABLE 5. Quality assessement of drainage water.
. Salinity  Sodicity USSL USSL
Location SSp SAR RSC SCAR PI PS MAR Hazard Hazard Index Class
S1  25.64 2.06 -11.30 2.63 36.47 12.85 69.41 C3 S1 C3S81 Appropriate
— S2 4078 3.44 -5.40 3.68 53.94 5.90 56.30 C3 S1 C3S1 Appropriate
E S3 4392 3.27 -3.90 3.17 59.03 7.85 46.84 C3 S1 C3S1 Appropriate
— S4  60.86 9.54 -12.00 9.17 66.42  39.33 45.95 C4 S3 C4S3 Very poor
S5  58.56 8.45 -10.50 9.13 65.05 31.85 57.14 C4 S3 C483 Very poor
S1 5116 494 -2.90 4.42 65.29 11.75 37.37 C3 S2 C382 Acceptable
I S2 4790 395 -1.50 3.95 65.36 8.50 50.00 C3 S1 C3S1 Appropriate
.QE) S3 4276 3.15 1.50 3.25 64.42 4.85 52.94 C3 S1 C3S1 Appropriate
=S4 4098 378 800 535 5187 1470  75.00 c3 S1 C3S1  Appropriate
S5 4950  4.96 0.20 5.20 64.37 11.68 54.47 C4 S2 C482 poor
S1 5584 7.55 -10.70 6.10 62.85  29.50 23.53 C3 S2 C382 Acceptable
I3e) S2 6295 6.76 0.60 6.58 77.59 10.23 47.30 C3 S2 C3S2 Acceptable
.QE) S3 5438 1052 -28.10 11.47 58.62  54.60 57.95 C3 S3 C383 Acceptable
= S4 4160 542  -20.30 6.24 4771 3275 62.28 C4 S2 C482 poor
S5 4934 5.48 -7.50 6.71 59.13 16.95 66.67 C4 S2 C482 poor
Average 48.41 5.55 -7.99 5.80 59.87 19.55 53.54
SD 9.64 2.51 8.10 2.54 9.60 14.61 12.87
@ [WA-Mod Ver. 1.0-2013] - Irrigation Water Assessment Model
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TABLE 6. Quailty assessement of ground water.

Salinity ~ Sodicity = USSL USSL

Location SSp SAR RSC SCAR PI PS MAR Hazard Hazard Index Class

S1 64.02 10.98 -13.21 10.11  69.36 3833 41.04 C4 S4 C4S4  Very poor

_ S2 62.48 12.58 -22.64 11.19  66.10  55.50 36.78 C4 S4 C4S4  Very poor

2 S3 5591 11.10 -30.54 10.63 5959  60.48 45.46 C4 S4 C4S4  Very poor

- S4 61.37 16.03 -43.99 1493  63.64 100.64 4241 Cc4 S4 C4S4  Very poor

S5 64.05 18.38 -46.37 16.77  66.08 109.82  39.97 C4 S4 C4S4  Very poor

S1 58.73 9.60 -15.84 8.52 64.37  38.06 36.53 Cc4 S3 C4S3  Very poor

- S2 60.47 12.89 -27.57 11.81  64.21 64.50 40.45 Cc4 S4 C4S4  Very poor

] S3 60.66 13.33 -28.85 1238 6434  67.94 42.06 c4 S4 C4S4  Very poor

- S4 61.99 17.03 -46.55 15.14 6429 10556  36.79 c4 S4 C4S4  Very poor

S5 64.88 19.62 -47.92 17.59  67.03 12646  37.78 C4 S4 C4S4  Very poor

S1 55.56 9.88 -15.60 9.62 61.75  43.45 47.30 C4 S3 C4S3  Very poor

- S2 60.52 11.43 -9.50 1122 6693  47.40 48.15 C4 S4 C4S4  Very poor

2 S3 61.57 13.73 -29.05 13.10 6499  68.75 45.11 C4 S4 C4S4  Very poor

- S4 54.00 16.57 -77.00 14.67 5635 17190  36.22 C4 S4 C4S4  Very poor

S5 63.82 20.16 -56.91 18.56 6573  135.61  40.99 C4 S4 C4S4  Very poor
Average 60.7 14.2 34.1 13.1 64.3 82.3 41.1
SD 33 3.5 18.7 3.1 32 40.5 4.0

| [IWA-Mod Ver. 1.0-2013] - Irrigation Water Assessment Model
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