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Abstract

Five samples were collected from newly incised groundwater wells of different depths in Al — Masqi village about 36 kilometers
from Abha city — Assir. It found that the studied groundwater wells are suitable for the different human uses (Wells No. 2, 3,4 &

5) but in case of well No.1 its waters need for treatment.
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Introduction

Contaminated drinking water contributes directly to the
annual 2.2 million diarrhea-related deaths (WHO, 1999).
In the year 2000, 1.1 billion persons remained without
access to improved drinking water, and the number of
persons drinking water contaminated by human sewage
was much higher (United Nation, 1996). Evidence
indicates that the diversity of freshwater species and
ecosystem is deteriorating rapidly other than terrestrial
and marine ecosystems (Tabels-1, 2 & 3).

The available surface water and groundwater
resources are limited, precipitation rates are low, and
evaporation is high. The average annual rainfall is less
than 150 mm in most of the country. During the last two
decades, the kingdom has experienced comprehensive
development in all sectors coupled with high growth
rates in population and living standards. The estimated
groundwater reserves to a depth of three hundred meters
below ground surface are about 2,185 billion cubic meters
with a total annual recharge of 2,762 MCM (Al Alawi
and Abdulrazzak 1994; Dabbagh and Abderrahman
1997). The renewable groundwater resources are mainly
stored in shallow alluvial aquifers and in basalt layers
of varying thickness and width, which are found mostly
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in the southwest. These aquifers store about 84 billion
cubic meters with an average annual recharge of 1,196
MCM.

The total population of Saudi Arabia has increased
from about 7.7 million in 1970 to 11.8 million in 1990
and is expected to reach 19 million in 2010, if the
present growth rate of 3 per cent per annum continues.
Consequently, domestic water demand has increased
from about 446 MCM in 1980 to about 1,563 MCM in
1997, and is expected to reach 2,800 MCM in 2010 (Al-
Alawi and Abdulrazzak 1994; Al-Tukhais 1997). Hence
the large-scale construction of desalination plants, which
at present supply 46 per cent of domestic demand.

The present work include the study of physico-
chemical and bacteriological characteristics of
groundwater wells at Al-Masqi village in Assir region.
The objective of the present work was undertaken
to study the assessment of water quality of these
groundwater wells.

Materials and Methods
Saudi Arabia extends over an area of some 2253000sq.
km. and occupies almost fourtyfth of the Arabian
Peninsula. The area occupied by the country represents
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Table 1. Middle East population estimates and projections.

Country 1990 2000 2050 Annual %
millions millions millions Rate of increase in 1990
(West Bank(a 0.90 1.12 2.37 3.40
Gaza Strip 0.62 0.76 1.23 1.98
Jordan 3.10 4.00 8.50 341
Lebanon 2.74 331 4.48 2.00
Syria 12.36 17,55 35.25 3.58
Saudi Arabia 14.87 20.67 40.43 3.28
Turkey 55.99 68.17 92.88 2.05
(a) Population ygures are for 1991 and 2020 instead of 1990 and 2050.
Sources: United Nations, 1993 and Priscoli & Brumbangh, 1991.
Table 2. Water availability per capita in 1990 and 2025 (Source: Gleick, 1993).
Country 1990 2025
Cubic meters per person per year
Kuwait 75 57
Saudi Arabia 306 113
UAE 308 176
Jordan 327 121
Yemen 445 152
Qatar 1,171 684
Oman 1,266 410
Lebanon 1,818 1,113
Syria 2,914 1,021
Traq 5,531 2,162

Table 3. Desalination capacity in the Middle East as of 1990 (Source: Wangnick, 1990).

Country Capacity % of global capacity Number of plants
M3/ day
Saudi Arabia 3,568,868 62.8 1,417
Kuwait 1,390,238 10.5 133
UAE. 1,332,477 10.0 290
Libya 619,354 47 386
Traq 323,925 2.4 198
Qatar 308,611 2.3 59
Bahrain 275,767 21 126
Tran 260,609 2.0 218
Oman 186,741 1.4 79
Egypt 67,728 05 110
Jordan 8,445 0.1 13
Syria 5,743 <01 12
Lebanon 4,691 <01 10
Table 4. Physical parameters.
Parameter Well'No.1 Well'No.2 Well'No.3 Well' No.4 Well'No.5
Color units 5 units 5 units 5 units 8 units 10
Turbidity units 5 units 5 units 5 units 2 units 4
Taste acceptable acceptable acceptable acceptable acceptable
Odor acceptable acceptable acceptable acceptable acceptable
pH 8.00 8.23 8.23 7.50 7.50
Temp. 23.40°C 23.50°C 23.50°C 17.50°C 16.50°C
Cond. 1082.08 168.65 370.14 854 644
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about 1.5% of the total land area and 5% of the area of
the arid zones in the world. The main geomorphologic
features of the country are: a) The narrow coastal belt
along the Red Sea, known as Tihama, b) Hijaz and
Assir mountains, which are composed of crystalline
and metamorphic basement materials and volcanic
rocks, c) The Arabian shield extends nearly 800 km into
north Arabia but is relatively narrow at its both ends,
d) Escarpments with steep westward facing slopes arid
gentle eastern slopes, e) Great Nafud which is connected
by the Dahna to the Rub’a Al Khali, f) The eastern
coastal zone(Map-1).

For the present study Al-Masqi village located in Al
-Sha’af area, Abha district of Assir region were selected.
It is located at 18° 03" south latitude and 42° 45" east
longitude. Al- Masqi situated 36 kilometers southeastern
from Abha city (Farsi, 2006). Abha, the home of the
headquarter of the regional Government, is located at the
Assir region in the south west of the Kingdom. Abha’s
position, some 7200 feet (2200 meters) above the sea
level(Map-2). The Abha region enjoys the highest level
of rainfall of any part of the Kingdom. Temperatures
remain within a narrow band than in any parts of the
Kingdom. The natural beauty of the region and its fertility
has encouraged the Government to establish a number
of national parks. Assir is a relatively fertile region in
the extreme southwest (near Yemen) made up of coastal
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mountains. Its fertile mountains, valleys and plains,
as well as its moderate climate and its heavy rainfalls
made it one of the most density populated areas in the
Peninsula (Batanouny, 1978). Dedicated to agriculture
and irrigation, the inhabitants of Assir made use of their
rich, natural environment. They terraced the mountain
to grown fruits trees and vegetables. They erected dams
to collect rainwater. Groundwater quality is studied by
systematic collection and analysis of samples, which
enable us to properly manage the resources. In this study
an attempt is made to assess the groundwater quality in
the Al — Masqi village of Abha. The study was carried
out by collection of ground water samples from yve
wells located in this village. The samples were collected
during the month of November 2006 and were analyzed
for various physico-chemical and bacteriological
parameters (APHA, 1975 & Adoni, 1985).

Observation and Results

I- Physical parameters

1- Color

The apparent of color of water results from dissolved
substances and suspended matter and provides useful
information about the water’s sources and content. The
color of the yve wells was found clear.

FAN T
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Table 5. Chemical parameters.

Parameters Well' No.1 Well' No.2 Well'No.3 Well No.4 Well No.5
Total dissolved solids 725.0 113.0 248.0 528.0 318.0
Chlorides 105.3 14.04 8.50 33.68 40.77
Free carbon dioxide 240 6.00 20.0 27.0 46.0
Total alkalinity 440.0 140.0 200.0 340.0 500.0
Carbonates 00.00 00.00 00.00 00.00 00.00
Bicarbonates 440 14.00 20.00 10.20 15.00
Total hardness 400.0 40.00 120.0 240.0 300.0
Calcium 160.0 16.00 48.00 96.00 120.0
Magnesium 96.0 9.60 28.00 57.00 72.00
Dissolved oxygen 3.20 1.60 1.00 2.50 2.00
Biological oxygen demand 2.40 1.60 2.00 1.50 1.40
Chemical oxygen demand 16.00 4.00 5.60 7.70 1.40
Residual chlorine 00.00 00.00 00.00 00.00 00.00
Sulphates 1.23 0.411 1.23 0.415 1.64
Hydrogen sulphide 00.00 00.00 00.00 00.00 00.00
Ammonia 00.00 00.00 00.00 00.00 00.00
Nitrates 40.00 00.00 20.00 5.00 20.00
Nitrites 00.00 00.00 00.00 00.00 00.00
Phosphates 2.00 1.00 00.01 2.00 4.00
Silicates 0.09 0.06 00.00 00.00 00.00
Salinity 0.22 0.05 0.04 0.09 0.10

Table 6. WHO and Saudi Arabian Standards organization (SASO) drinking water standards.

Parameters WHO SASO Unit
Color -- 50 unit
Turbidity - 50 unit
Taste - -- -
Odor -- -- --
pH 9.2 92-65 pH
Conductivity - 2300 -800 EC
Total dissolved solids 1500 1500 mg/T
Chlorides 250 600 mg CI7T
Total alkalinity 500 - mg/l
Total hardness 500 500 mg/l
Calcium 200 200 mg Ca/l
Magnesium 150 150 mg Mg/l
Residual chlorine - -- mg/l
Sulphates 400 400 mg/l
Hydrogen sulphide 0.0 0.0 mg/l
Ammonia 0.0 0.0 mg/T
Nitrates 45 45 mg/l
Nitrites - -- mg/T
Phosphates -- -- mg/l
Total iron 0.3 1.0 mg/l
Copper 15 1.5 mg/l
Chromium 0.05 0.05 mg/T
Cadmium 0.01 0.01 mg/l
Lead 0.1 0.1 mg/T
Microbiological parameters
Total Bacteria 100 - Count/ml
Coliform 0.0 20-15 Count/I00mI
E. Coli 0.0 15 Count/I00ml
Salmonella sp. 0.0 0.0 Count/I00mI
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2-Odor and Taste

Odor and taste affects the acceptability of drinking
water. Odor and taste is caused by chemicals that may
come from municipal and industrial waste discharges,
natural sources such as decomposing vegetable matter or
microbial activity. The odor and taste were found good.

3-Turbidity

Turbidity, cloudiness in water is caused by suspended
solids matter which scatters light passing through the
water. The turbidity was found in the range of 5 NTU.

4-Temperature

Water temperature is one factor in determining which
species may or may not be present in the ecosystem.
Temperature affects feeding, reproduction and the
metabolism of aquatic animals and plants. Arise in
temperature leads to the speeding up of the chemical
reactions in water, reduce the solubility of gases
and ampliyes the tastes and is refreshing. At higher
temperature with less dissolved gases, the water becomes
tasteless and even doesn’t quench the thirst. The
temperature was found between 16.50°C and 23.5°C.

5-pH

Changes inthe water’s pH canaffectaquatic life indirectly
by changing other aspects of the water chemistry. The ph
in this study was found in the range of 7.50 to 8.23.

6-Conductivity

Conductivity is the measure of capacity of a substance
or solution to conduct electric current. Conductivity is
a good and rapid measure of the total dissolved solids.
Conductivity, however, is an important criterion in
determining the suitability of water and waste water for
irrigation. The electrical conductivity was found in the
range of 168.65us/cm t01082.0 ps/cm.

As shown in the table-4 the parameters i.e. color,
turbidity, taste, odor, temperature, conductivity and pH
which found in the waters of the yve groundwater wells
samples were found within the permissible limits(Table-
6) aforetime WHO and Saudi Arabian Standards
Organization drinking water standards, Ayed (2006).

I1-Chemical parameters
1-Total dissolved solids
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Itisdeyned as the material left behind after awater sample
is yltered and evaporated. The quantity of dissolved
materiel depends mainly on the solubility of rocks and
soils the water contacts. Total dissolved solids of less
than 500ppm are desired. Total dissolved solids ranges
between 113 to 725ppm. Higher TDS concentration
is due to the stay of water in the subsurface and rock
water interaction and it could be used after puriycation
processes.

2-Chlorides

Chlorides are one of the major anions found in
water. Drinking water standards recommended a
maximum chloride concentration of 250ppm. Based
on Stuyfzand(1986) classiycation, the groundwater of
the area is found to be dominated by fresh and fresh
oligohaline.

3-Residual chlorine

Chlorine is not present in natural waters and is found
only as a result of chlorination of a water supply. Levels
in drinking water are maintained below 0.5ppm. The free
residual chlorine was found absent in this groundwater.

4-Total hardness

It is refers primarily to the amount of calcium and
magnesium ion in water. Calcium and magnesium enter
the water mainly by the leaching of rocks and soil.
Hardness is usually expressed as parts of per million
(ppm) of calcium carbonates (CaCO3). Water with
total hardness from 0-60ppm is soft, from 60-120ppm
is medium hard, from 120-180ppm is hard and above
180ppm is considered very hard. Based on handa (1964)
water has been classiyed with references to hardness.
Both permanent and temporary hard water is present
in the ground water samples. From table-5, it could
be visualized that the samples of wells belongs to soft
water, medium hard and very hard.

5-Total alkalinity, carbonates and bicarbonates

Most of the alkalinity in natural waters is formed due to
dissolution of CO, in water. Carbonates and bicarbonates
thus formed are dissociated to yield hydroxyl ions. The
water supplies with less than 100ppm are desirable for
domestic use. Based on Stuyfzandds (1986) classiycation,
the groundwater of Al — Masqi area wells is found to be
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dominated by medium alkaline and highly alkaline.

6-Dissolved oxygen

Dissolved oxygen levels below 3ppm are stressful
to most aquatic organisms. The dissolved oxygen
concentration was found in the range of 1.00 to 3.20ppm.
As temperature goes up the solubility of oxygen in water
goes down. They are inversely proportional.

7-Biological oxygen demand

BOD is a measure of the quantity of dissolved oxygen
used by bacteria as they break down organic wastes.
Unpolluted natural waters will have a BOD of 5ppm
or less. The BOD was found in this study ranges
between 1.60 to 2.40ppm. The groundwater is found
to be dominated by very good (Well Nos.2, 3, 4 and 5)
followed by moderate (Well No.1), Khopkar (1993).

8-Chemical oxygen demand

Chemical oxygen demand is the oxygen required by the
organic substances in water to oxidize them by a strong
chemical oxidant. Based on this parameter, groundwater
is divided into two zones very good (Well Nos.2, 3, 4
and 5) and moderate (Well No.1), Khopkar (1993).

9-Sulphates

It is naturally occurring anion in all kind of natural
waters. Sulphate produces an objectionable taste at
300-400ppm concentrations. Above 500ppm, a bitter
taste produced in the water. At concentration around
1000ppm, it is laxative. From table-5, wells Nos. 2 and
4 of permissible water quality is minimum, followed by
the well Nos.1, 3 and 5.

10-Sulphide

Traces amounts of sulphides are present in ground
and surface waters due to reduction of sulphate. It
is, considered as indicative organic pollution and
prevailing reducing conditions. U.S. Environmental
Protection Agency has put a limit of 0.05ppm. Sulphide
concentrations was absent in the results with analysis of
these wells.

11-Phosphates

Phosphorus is a nutrient acts as a fertilizer for aquatic
plants. Phosphates level higher than 0.03ppm contributes
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to increased algae growth. When nutrient levels are high,
excessive algae growth creates water quality problem.
Phosphates concentration was found between 0.01 to
4.00ppm.

12-Ammonia

The primary sources of ammonia in waters are bacterial
decomposition of organic waste and the excretions of
aquatic animals. Ammonia is usually present in low
quantities(less than 1ppm) but may reach levels of 5 to
10ppm in areas with low dissolved oxygen and large
amounts of decaying organic materials. The results
show the values of ammonia were always less than 0.2
ppm (absent - 0.0).

13-Nitrates

Nitrogen enters the water from human and animals
waste, decomposing organic matter and lawn and crop
fertilizer runoff. Nitrogen occurs in natural waters as
nitrate (NO,) and nitrite (NO,) and ammonia (NH,) and
organically bound nitrogen. Unpolluted waters usually
have a nitrate level below4ppm. Nitrate level above
45ppm is considered unsafe for drinking water. Nitrates
values were found between 0.0 to 40.0ppm and show the
water is suitable for irrigation and need to be puriyed to
be used for drinking (Well No.1).

14-Nitrites

There are no mineral sources of this ion in natural
waters. Presence of nitrite even in a small quantity
will indicate the organic pollution. It may also be
produced in distribution systems through the activities
of microorganisms on ammonia. The results show that
the values of nitrites were always absent (0.0).

15-Silicates

It occurs in meager quantities in water. The concentration
of silica in natural waters is usually between 1-30ppm
but may reach as high as 100ppm in hot springs. Silicates
ranges from 00.00 (Well Nos.3, 4) to 0.09ppm (Well
Nos.1 and 2).

16-Heavy metals

Heavy metals are those having a density more than
5 times higher than that of water. They are usually
present in trace amounts in natural waters but many of
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them are toxic even at very low concentrations. Their
concentrations increase in water due to addition of
industrial wastes and sewage.

1-Chromium

Chromium is compounds may be found in natural waters
in trace amount ranging from 0.003ppm to 0.040ppm.
Chromium levels over 0.5ppm are evidence of pollution
from untreated or incompletely treated waste.

2-Copper

Copper is usually found only in small amounts(less
than 1ppm) in natural waters. Concentration of 0.1ppm
or higher may be give water a bitter taste and may
cause staining and discoloration. The copper content
of drinking water is generally below 0.03ppm, but
occasionally ranges up to 0.6ppm in some areas.

3-lron

Soils and rocks provide the most common sources
of iron in water. Concentration of iron can vary from
trace amount (0.1ppm) up to several parts per million. It
should not exceed 0.2ppm for domestic use.

4-Lead
It may rise from direct pollution of the water by sewage
or by the action of pollution related to bacteria.

In this case the concentration of heavy metals (iron.
chromium,copper and lead) were absent(0.0) in all the
wells waters.

I11-Bacteriological examination (Coli form bacteria)
Fecal coli form bacteria are naturally abundant in the
lower intestine of human and other warm-blooded
animals but are rare or absent in unpolluted waters. As
a result, their presence serves as a reliable indication of
sewage or fecal contamination in water. Total coli form
measurement includes all coli form bacteria strains
and may indicate fecal contamination (Elampooranan
and Rengari, 1999). The fecal coli form measurement
is more speciyc, indicating coli form strains of which
95% have a fecal origin. Various methods are available
for determining the presence and amount of coli form
bacteria in water, i.e. Membrane yltration, colony count
and most probable number (Trivedy and Goel, 1984).
Results expressed as the number of bacteria per 100ml
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of water, often expressed as colony producing unit(CPU)
per 100ml. these bacteria and coli forms specially
Escherichia coli considered as an essential indicators of
pollution by faecal materials of human or animal origin.
The results of routine bacteriological examination
always show that the indicator organisms were absent.
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