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ABSTRACT

Recent industrial and urban activities have led to elevated concentrations
of a wide range of contaminants in groundwater, which affect the health of
million people worldwide. Groundwater is the major source for drinking and
agriculture uses in the Northwestern coast of Egypt. Forty five groundwater
samples representing the Pleistocene and the Middle Miocene aquifers were
collected from the area between El-Dabaa and Ras El-Hekma. Samples were
analyzed for total dissolved solids, calcium, magnesium, sodium and five
heavy metals including; aluminum, iron, manganese, copper, and lead, using
the standard methods. The results show that, the total dissolved solids;
calcium, magnesium and sodium concentrations have mean values of 8426,
264.5, 295.9 and 2390.1 mg/l, respectively. The heavy metals show high
concentrations in groundwater of Pleistocene and Middle Miocene aquifers.
The concentration of iron recorded the mean of 1.99 mg/l followed by
aluminum 0.45 mg/l, while manganese recorded the lowest mean value of
0.09 mg/l. The results show that, the majority of groundwater samples in
different aquifers are unsuitable for human drinking due to high
concentrations of total salinity, major ions and heavy metal constituents.
According to the international standards recommended by the National
Academy of science (NAS) and National Academy of Engineering (NAE) the
groundwater samples in the study area ranges from an excellent to not
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acceptable classes for the livestock and poultry uses. Most of the groundwater
samples in the Pleistocene aquifer (88%) are unsuitable for domestic and
laundry uses as the total hardness values are exceeding 300 mg/l, however; all
the Middle Miocene groundwater are unsuitable for domestic and laundry
uses. Whereas, 71% of the total samples are unsuitable for irrigation
according to total dissolved solids and about 93% of groundwater samples are
unsuitable for domestic and laundry uses according to total hardness. The
groundwater samples tapping the available aquifers in the study area have to
go through treatment and desalination processes using suitable and
economical applied methods to enhance the groundwater quality and be
considered as suitable for different uses.

Keywords: Groundwater quality assessment, EI Dabaa area, SAR, chemical

constituents.

INTRODUCTION

Groundwater is one of the major sources of drinking water all over the
world, where; approximately one-third of the world’s population use
groundwater for drinking (Nickson et al., 2005 and Bear, 1979). In the
Northwestern coastal zone of Egypt, groundwater represents the major source
for drinking and agricultural purposes. Quality of groundwater is equally
important to its quantity and greatly influenced by hydrogeological
conditions and anthropogenic activities (Prasanth et al., 2012, Walton 1970,
Magesh and Chandrasekar 2011). The overexploitation of groundwater in the
NorthWestern Coastal Zones of Egypt has detrimentally affected its quality
and quantity and may result in negative water balance due to seawater
intrusion (Eissa et al., 2015 a,b).

El-Dabaa area is located in the North Western Coastal Zone of Egypt
and is considered to be one of the most promising regions for land

reclamation and agriculture. The study area is intensively exposed to
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agricultural activities due to mild weather and topography as well as its more
or less available water and soil. Recently, great efforts are directed from the
Egyptian government to develop the North Western Coastal Zone (Omer,
2008), where; El Dabaa has been selected as a potential site for constructing
the first Egyptian nuclear power plant.

In the study area, groundwater is the sole source for drinking,
agricultural, municipal and domestic purposes. El Dabaa area is located in the
arid to semiarid coastal zone, where high air temperature and scarce
precipitation is the dominated climate all over the year. The groundwater
supplies are generally insufficient to meet the probable increases in water
demands, therefore; serious strategies for water development should be
established to fully exploit the surface and groundwater resources (Mohallel,
2009).

Groundwater for domestic and irrigation purposes can vary greatly in
quality based on type and concentrations of dissolved salts. It contains a wide
variety of dissolved inorganic constituents in various concentrations, resulting
from mixing with seawater and chemical interactions between water and the
water-bearing rocks (Eissa et al., 2016). Dissolved salts should be present in
irrigation water in relatively small significant amounts. In this respect,
priorities are given to the evaluation of groundwater suitability for different
uses in order to manage the main water resources and ensure groundwater

sustainability.
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GEOLOGICAL AND HYDROGEOLOGICAL SETTING
The area of study comprises an exposed sedimentary rocks ranging in
geologic age from the Miocene to the Pleistocene (CONOCO, 1987). In the
regional scale; the North Western Coast comprises three aquifers. The top one
is the Pleistocene aquifer, underlying by the Middle Miocene aquifer and the
deeper is the Lower Miocene aquifer (Figure 1). In this study; the Lower
Miocene aquifer (Moghra formation) has not been represented, where all the

groundwater samples have been collected from hand dug and shallow drilled

wells.
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Figure(1): Location and Geological map along northwestern coastal zone
CONOCO, 1987
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The Pleistocene aquifer extends about 10 km southward and has a wide
distribution and considered to be one of the most important aquifers along the
coastal strip. The groundwater exists in a free water table aquifer (Rizk,
1982). The Pleistocene aquifer is composed mainly of oolitic limestone and is
characterized by less cementing materials if compared with the inland ridges,
which acquire the former one more porous nature(Atwa, 1979).The
Pleistocene aquifer is recharged through infiltration of annual rainfall and
from the runoff water comes from foreshore ridges and the elevated tableland
area located in the south. The flanks of the ridges are covered by loose
foreshore sand accumulations, which permit a direct infiltration and
percolation of rainfall.

The groundwater in the Pleistocene aquifer attains altitude close to the
mean sea level. It is a result of the local percolation in the coastal plain and
the intrusion from sea water. The saltwater intrusion from the sea forms a
saline water overlain by a thin sheet of fresh water (Eissa et al., 2016). Such
thin sheet of the fresh water is a result of a natural balance between the
surplus of recharge from precipitation and the discharge through seepage to
the sea (Paver & Pretorius, 1954). At ElI Dabaa locality, the direction of
groundwater flow is due north and south. The hydraulic gradient is gentle in
the northern part (0.0002), while at the southern one it reaches (0.0003)
(Atwa, 1979).

The Miocene aquifer is developed as a secondary aquifer along the
coastal area to the west of Alexandria and is explored at ElI Dabaa, Fuka,
Matruh and El Sallum localities (Raslan, 1995). The Middle Miocene aquifer
IS subdivided into two zones and composed mainly of chalky limestone,
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marly limestone, dolomite and shale (Yousif et al., 2016). This formation is
largely fractured and exists in successive horizons separated by impervious
clays with occasional bands of sandstone. (Omer, 2008).

The groundwater of the Middle Miocene aquifer is naturally discharged
through pumping wells and subsurface flow toward the Mediterranean and
Qattara Depression. The lateral and vertical facies changes affect the
productivity of the aquifer, particularly along the coastal area. The
transmissivity of the Middle Miocene aquifer ranges between10™ and 107
m?/sec. (ACSAD, 1990).

MATERIAL AND METHODS

Detailed chemical analysis of forty one groundwater samples were
collected from two aquifers located in the area between El Dabaa and Ras El
Hekma in March 2015 as well as four samples were collected from surface
water bodies. Fifteen groundwater samples representing the Miocene aquifer,
26 samples from the Pleistocene aquifer, two rainwater samples, one seawater
and one tap water. The groundwater samples have been selected based on the
geographical locations and the areal extent of the investigated aquifers from
inland toward the coast. Additionally; the tapping aquifers and water bearing
formations were determined based on the subsurface and geological map as
well as the total penetration depth. The analyses were performed according to
the methods adopted by Rainwater and Thatcher, 1960 and Fishman and
Friedman, 1985 and American Society for Testing and Materials ASTM,
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2002 at the Centre laboratories, Desert Research Centre (DRC) in March

2015.

1. Determination of major ions: The analysis includes the determination of
the pH, Electrical Conductivity (EC), total dissolved solids (TDS),
calcium, magnesium, sodium. The electrical conductivity determined by
means of EC meter using Orion 150A+, Thermo Electron Corporation,
USA. The (EC) was expressed in micro mhos per centimeter (uS/cm) at
25°C and total dissolved solids (TDS) can calculate from EC by using this
equation.

TDS (mg/L) = conversion factor x EC (us/cm)

Where the conversion factor ranges between 0.55 and 0.70

The pH was measured with a3510, Jenway, UK pH meter. Calcium

(Ca®*) and magnesium (Mg?*) were determined by titration against Na,EDTA

by complexometric method. Calcium was determined by using murexide

indicator while magnesium was estimated by subtracting the calcium value

from the (Ca** + Mg?") value after determine them using Eriochrome black T

in presence of suitable buffer solution and calculated by these equations

(Hem, 1989).

e Total hardness (in ppm) as CaCO3z; =(1000x ml titrant x normality of
Na,EDTA x D) / ml sample

e Ca’" hardness (in ppm) as CaCOs; =(1000 x ml titrant x normality of
Na,EDTA x D)/ml sample

e Mg* hardness (in ppm) as MgCOs = total hardness - calcium hardness.

Where D is the dilution factor
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Sodium (Na*) and potassium (K") were determined by means of Flame
Photometer, PFP 7, Jenway, UK. The detailed chemical analysis of such
groundwater samples are shown in Table [1].

2. Determination of heavy metals: The dissolved heavy metals (Al, Cd, Co,
Cr, Cu, Fe, Mn, Mo, Ni, Pb and Zn) in the collected water samples were
determined by the Inductively Coupled Argon Plasma, ICAP 6500 Duo,
Thermo Scientific, England. 1000 mg/L multi-element certified standard
solution, Merck, Germany was used as a stock solution for instrument

standardization.
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Table (1)

water, groundwater samples collected from the area between El

Dabaa and Ras EI Hekma, Egypt. (March, 2015).
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RESULT AND DISCUSSION
The evaluation of groundwater quality for various intend is based on the
total dissolved solids (TDS), concentrations of major ions as well as the
heavy metals constituents, heavy metal content and hardness.

1- Evaluation of groundwater quality for human drinking: Generally,
water used for drinking purposes should be colorless free of turbidity,
excessive amounts of dissolved salts, harmful micro-organisms and
unpleasant odor or taste. To evaluate groundwater for human drinking, the
groundwater salinity and concentration of major ions and heavy metals
have been considered based on the basis of standards recommended by
World Health Organization (WHO), 2006 and the Egyptian Standards
published in 2007 (Table 2).
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Table 2: Water quality guidelines for human drinking.

. World Health Egyptian maximum
Constituent . - L A
or Parameter Organization guidelines Permissible limit in

(ppm) (ppm)
TDS 1000 1000
Hardness as CaCO; 500 500
Magnesium -- 150
Calcium -- 350
Sodium 200 200
Aluminum 0.2 0.2
Cadmium 0.003 0.005
Cobalt -- --
Chromium 0.05 --
Copper 2.0 1.0
Iron 0.3 0.3
Manganese 0.4 0.05
Molybdenum -- --
Nickel 0.07 --
Lead 0.01 0.05
Zinc 3 3

a- Total dissolved solids: The term salinity refers to the total dissolved
concentrations of major, minor and trace constituents in water. The
concentration of solutes (groundwater constituents) can vary enormously as
a function of the mineral content which characterizes the aquifers matrix
through which the groundwater flows. According to the chemical analyses
listed in (Table 1) the Pleistocene aquifer groundwater salinity ranges from
751mg/I to 27,870 mg/l with an average value of 6006.85 mg/l while, the
Middle Miocene groundwater salinity ranges from 3645 mg/l to 41357
mg/l with an average value 11897mg/I.

According to the values of total dissolved solids (TDS), water could be

categorized into fresh, brackish and saline waters (Chebotarev, 1955). In the
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study area, the majority of groundwater samples are categorized as saline (44
%) and brackish (41 %) water class while minorities are considered as
freshwater class (15%). In general, most of the freshwater samples are
recorded within the Pleistocene aquifer (23%). The majority of freshwater
groundwater dominates the Pleistocene oolitic aquifer is mainly due to the
prevalence of fractures, joints and faults that facilitate the surface water
percolation and enhancing the annual recharge. Additionally, the oolitic
elevated ridges act as a barrier for surface water flow and consequently
enhance the entrapment of recharge water. On the other hand the samples
with high salinity that reflect the effect of leaching and seawater intrusion.
Comparing the chemical data for the groundwater in the study area
(Table 1) with the maximum standard guidelines recommended for human
drinking by the World Health Organization (WHO, 2006), it can be deduced
that; 92% of the Pleistocene groundwater samples are unsuitable for drinking
except, wells No. 10 and 19 are permissible. However, in the Middle

Miocene aquifer, all the groundwater samples are unsuitable for drinking.

Vol.39, No.2, Spt., 2017 15



J. Environ. Sci.
Institute of Environmental Studies and Research — Ain Shams University

3135
N
Ras El Hekma
a 200
& e = “
3115+ ot < |
j EL Daba'a | ~
R o | 150 §
P o e o0 oW s
~_ Fuka 2 5 “oagfal Plaifgey k]
s Piedmont Plain (oaﬂnl Pla ;
3095 o= L 100 ;
Table Land a g
3
30.75
0 ) 20 A0 60_Km o A
R Qs el
- /45 Schle 4
30.55 & -
27.65 2785 28.05 28.25 2845 28.65
Water Class Salinity X Pleistocene Miocene
aquifer aquifer
Freshwater Class  TDS < 1000 (mg/l) ® |
Brackish water class 1000 <TDS < 5,000 mg1) @ ]
> 5,000 < TDS < 10,000 (mg) () O
Sali 1
e >10,000 < TDS < 20,000 (mgh) =
>IDS > 20,000 (mgh) @ ]

Figure 2: Groundwater salinity distribution map for Pleistocene and Middle
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Miocene aquifers.
Heavy metals: Heavy metals are not biodegradable and tend to accumulate
in living organisms. Many heavy metals are known to be toxic or
carcinogenic. The heavy metals of particular concern in groundwater
include Aluminum, Cadmium, Cobalt, Chromium, Copper, Iron,
Manganese, Molybdenum, Nickel, Lead and Zinc. In this study, the
dissolved concentrations of Cadmium, Cobalt, Copper, Chromium,
Manganese, Molybdenum, Nickel, and Zinc in groundwater samples
tapping the Miocene and the Pleistocene aquifers are less than the World
Health Organization permissible limits. By evaluating the other elements

Concentrations with World Health Organization (WHO, 2006), shows that
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38% of Aluminum and 46% of lIron concentrations in the Pleistocene
aquifer are exceeding the permissible limit. On the other hands 47% of
Aluminum and 73% Iron in the Middle Miocene aquifer are exceeding the

permissible limit. While Lead in all groundwater samples is more than the
permissible limit.

10.0 4

mg/1
—
=
\
—

1]

0.0

Concentration,

Aluminum Iron Lead

Figure 3: Box-Whisker plot of Aluminum, Iron and Lead concentrations for

groundwater samples in the Pleistocene aquifer related to the
Permissible limit, — dsthe Permissible limit.
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Figure 4:Box-Whisker plot of Aluminum, Iron and Lead concentrations for
groundwater samples in the Middle Miocene aquifer related to the

Permissible limit, - Jds.the Permissible limit.

Evaluation of groundwater quality for livestock and poultry: Water
required for domestic purposes on farms includes that consumed by livestock
and poultry is subjected to quality limitations and international standards
recommended by the National Academy of Science (NAS) and National
Academy of Engineering (NAE) (1973).
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Table (3): Guide to the use of saline waters for livestock and poultry
(National Academy of science (NAS) and National Academy of
Engineering (NAE), 1973)

Salinity, mg/l | Classification Characters
Less than .
1000 Excellent Excellent for all classes of livestock and poultry
Very satisfactory for all classes of livestock and
1000 to Very poultry. May cause temporary and mild diarrhea in
3000 satisfactory | livestock not accustomed to them or watery
dropping in poultry.
Satisfactory for livestock, but may causes
3000 to _ temporary diarrhea or be refused at first by animals
5000 Satisfactory | not accustomed to them. Poor waters for poultry,
often causing water faces, increased mortality and
decreased growth, especially in turkeys.
Unfit for poultry and probably for swine.
More than Not Considerable risk in using for pregnant or lactating
5000mg/I acceptable | cow, horses or sheep, or for the young of these
species

To evaluate the suitability of groundwater for livestock and poultry the
chemical analyses data shown in (Table 1) are compared with the standards
recommended limits represented in Table (4). It is clear that, in the
Pleistocene groundwater samples, 8% of total groundwater samples have an
excellent class, 38% are considered as very satisfactory, 15% are satisfactory
and 38% are considered as water having a risk class. In the Middle Miocene
aquifer, 47% of groundwater is satisfactory and 53% are considered as

groundwater having risk for livestock and poultry.
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Table (4): Evaluation of the groundwater samples for drinking of livestock

and poultry in the study area.

Pleistocene ; :
Salinity in mg/l Characters aquifer MLTEIS EEILN 7
Sample NO| % | Sample NO | %
Less than 1000 Excellent 2 8% - -
1000 to 3000 Very satisfactory 10 38% - -
3000 to 5000 Satisfactory 4 15% 7 47%
'\é'gggrg;{‘ Not acceptable 10 38% 8 530

Evaluation of groundwater for domestic and laundry uses: In general,
water used in laundry and domestic purposes should be soft or moderately
hard. The total groundwater hardness in the Pleistocene aquifer ranges
between 84.8 mg/l and 4613.2 mg/l with an average value of 1204.6 mg/l. In
the Miocene aquifer, total hardness ranges between 730.8 mg/l and 10918.9
mg/l with an average value of 3051.8 mg/l. The hardness values for all
groundwater samples have been compared with the permissible limits
recommended by (Sawyer and Mc Carty, 1967) represented by Table (5).
Most of the groundwater samples in Pleistocene aquifer (88%) are unsuitable
for domestic and laundry uses as the total hardness values are exceeding 300
mg/l, however; all the Middle Miocene groundwater are unsuitable for

domestic and laundry uses
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Table (5): Suitability of water for laundry usage according to its total

hardness, (Sawyer and McCarty, 1967).

Classification Total hardness( mg/l as CaCQOs)
Soft <75
Moderately hard 75— 150
Hard 150 — 300
Very hard >300

Evaluation of groundwater for irrigation: Water quality problems in
irrigation include high salinity and excessive toxicity elements. High salinity
occurs when there is an accumulation of salts in soils. Some water contains
high enough concentrations of certain elements to retard or even eliminate the
growth of some plants such as, total salinity, chlorides and sodium are
common toxic substances.

For the better understanding of the suitability of water for agriculture
uses; important factors have to be considered including; the sodium
adsorption ratio (SAR), sodium hazards, Sodium percentage (Na %),
Permeability index (PI) and magnesium ratio.: The assessment of water
quality is discussed under the following topics are very important factors that
have been used to evaluate the suitability of water for irrigation to avoid the
adverse effect on soil and plant productivity.

1- Sodium_Adsorption Ratio (SAR): Sodium adsorption ratio (SAR) is a
measure of the suitability of water for use in agricultural irrigation because

sodium concentration can reduce the soil permeability and soil structure
(Todd, 1980). High value of SAR implies that sodium in the irrigation
water may replace calcium and magnesium ions in the soil, potentially

causing damage to the soil structure.
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The SAR value is defined as follows:
Na

—_——————

J(Ca+Mg)/2

SAR (epm) =

Where: all ionic concentrations are expressed in meg/I.

A monogram is widely used for the evaluation of waters for irrigation
purposes. This monogram consists of a plot of specific conductivity (in
pmhos/cm) which is a function of the total dissolved solids concentration
against SAR. The water is classified into four classes based on salinity (Cy,
C,, C3 and C,) and four classes based on SAR (S1, Sz, Sz and S4) giving a total
of sixteen possible quality classes (C1-S;, C1-S,, C1-S3 ...etc.) (Table 6).
Table (6): Classification and Interpretation of the Water Quality According to

the (U.S. Salinity Laboratory Staff, 1954).

A) Based on salinity concentrations

Conductivity Range
Degree Usage
(EC) ’ (ppm) T
c1 Low salinity | 100-250 Used for irrigation with most
crops on most soil
c2 Medium | o) o Used if moderate leaching
salinity occurs
C3 High salinity | 750-2250 gar_\not be used with restricted
rainage
ca Very hlgh 2950-5000 Not_ suitable fgr irrigation under
salinity ordinary condition
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B) Based on Sodium concentrations

Sodium ion

Range

Content (SAR) DEYIEE (ppm) SRR
S1 Low Sodium 0-10 Can be used for all soils
52 Medium Sodium | 10-18 Preferably used with good
permeability
S3 High Sodium 18-26 Good soil management essential
Very high ) Unsuitable for irrigation except
S4 Sodium 26-100 at low salinity

2- Sodium hazard

By applying the US. Salinity hazard diagram on the groundwater

classification it is obvious that; 54%, 100% of groundwater samples in the

Pleistocene and Middle Miocene aquifer respectively; are plotted out of the

diagram because they have Electrical conductivity (EC) values that are more

than 5000 umhos/cm. The groundwater samples plotted out of the diagram

are considered unsuitable for irrigation; while 8% of samples in the

Pleistocene aquifer are classified by moderate water class (C4-S2) and the

rest of samples (38%) are represent good water for irrigation (C3-S1 & C4-

S1).
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Figure 5: US.Lab.of irrigation water for the Pleistocene groundwater samples.

3- Sodium percentage (Na %): The sodium in irrigation waters is usually
denoted as a percent of sodium (%). According to (Wilcox, 1955), in all
natural waters, the Na% is a common parameter to assess its suitability for
irrigation purposes. The sodium percent (Na %) value was obtained by
using the following equation.

(Na+ K) x 1000

Na% = —
y(Ca+ Mg+ Na +K)
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Table 7. Classification of groundwater based on Na% (Wilcox, 1955)

Water guality Sodium (%)
Excellent <20
Good 20-40
Permissible 40-60
Doubtful 60-80
Unsuitable >80

Comparing the sodium percent for the groundwater samples in the study
area with the suitability for irrigation (Table 7) it is clear that; 54%, 100% of
groundwater samples in the Pleistocene aquifer and Middle Miocene aquifer
respectively; are outside the diagram because they have Electrical
conductivity (EC) exceed 5000 umhos/cm and are unsuitable for irrigation.
While, 8 % of groundwater samples in the Pleistocene aquifer fall in the
permissible to doubtful filed, 12% fall in the doubtful to unsuitable filed and

27% are considered to be unsuitable.

Sodium Percent, %

20

100

920

80 18 2
Permissible to b .
70 17
doubtful . ° £

60 LY
50
40
unsuitable

30

20

Sodium percent, %
Very good to good
Doubtful to

permissible
unsuitable

Good to

10

(U] 1000 2000 3000 4000 S000

Electrical conductivity, ps/cm

Figure 6.: Classification of irrigation water quality, with respect to EC and

sodium percent.
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4- Permeability Index (P1): The permeability index (PI) was developed by
(Doneen, 1964) and it has been used mainly to evaluate water suitability
for irrigation uses. The Pl was calculated by the following equation where
all the ions are expressed in meg/l. Pl was classified into three classes
Class | and class Il waters are considered to be good and suitable for
irrigation while class 111 water is unsuitable for irrigation.

Pl = [Na + (HCO3)*® + 100/[Na + Ca + Mg]

The P1 values recorded in the Pleistocene aquifer vary from 55 to 101.17,
with an average value of about 73.91.in the Miocene aquifer; it varies from 33
to 83.5 with an average value of 68.01. A classification based on PI as
represented in Figure (7), was proposed by World Health Organization for
assessing the suitability of groundwater for irrigation purposes. According to
the permeability index values,55 % of groundwater samples in the Pleistocene
aquifer are out of curve because they have Electrical conductivity (EC) more
than 5000 pmhos/cm, 4 % of the samples fall under the class 3, only 42 %
belongs to class 1 (Fig. 7). On other hand, all groundwater samples in the
Middle Miocene aquifer are out of curve because they have Electrical
conductivity (EC) more than 5000 pumhos/cm.
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Figure 7.: Classification of irrigation water based on permeability index for
the Pleistocene groundwater samples

5- Magnesium ratio: In most waters, calcium and magnesium maintain a
state of equilibrium and the ratio namely index of magnesium hazard
(MH) was developed by (Paliwal, 1972). The high magnesium hazard
value (>50 %) has an adverse effect on the crop yield as the soil becomes
more alkaline.

Magnesium ratio = Mg x 100/ (Ca + Mg)

In Pleistocene aquifer, the magnesium hazard values fall in the range of
36.0 to 85.89% while the (MH) ratio in the Middle Miocene aquifer varies
from 44 to 76.02%. According to the calculated MH values in Table 1; 12 %
of groundwater samples in the Pleistocene aquifer are suitable for irrigation
and 88 % falls in the unsuitable category while 7% of the Middle Miocene
groundwater are suitable and 93% can cause an adverse effect on the

agricultural yield.
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CONCLUSION

Groundwater is the sale source for drinking and agriculture uses in the
NorthWestern coast of Egypt. The results show, the total dissolved solids
have a mean value of 8426 mg/l are exceeding the recommended international
standard limit for human drinking. The majority of groundwater samples in
the Pleistocene aquifer (92%) and all groundwater samples in the Middle
Miocene aquifer are unsuitable for drinking. According to the World Health
Organization standard limits. 38% of aluminum and 46% of iron
concentrations in the Pleistocene aquifer are exceeding the permissible limit.
On the other hand, 47% of aluminum and 73% iron in the Middle Miocene
aquifer are exceeding the permissible limit. The concentration of Manganese
and Copper in all groundwater samples tapping the Pleistocene and Middle
Miocene aquifer are less than the permissible limit while Lead in all
groundwater samples is more than the permissible limit. To evaluate the
suitability of groundwater for livestock and poultry, 8% of the Pleistocene
groundwater samples, have an excellent class, 38% are considered as very
satisfactory, 15% are satisfactory and 38% are considered as water having a
risk class. However, 47% of the Middle Miocene groundwater is satisfactory,
53% are considered as groundwater having a risk for livestock and poultry.
According to the total hardness in groundwater of the Pleistocene aquifer,
about 88% are unsuitable for domestic and laundry uses, however, all the
Middle Miocene groundwater are unsuitable for domestic and laundry uses.

Based on sodium adsorption ratio (SAR), sodium percentage (Na %),
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magnesium hazard (MH) and permeability index (PI), 71% of total samples

are unsuitable for irrigation.
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