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ABSTRACT 

Of all the natural resources, water is unarguably the most essential and precious. Life began in water 
and life is nurtured by water. Ninety seven percent of the world’s water is found in oceans. Only 2.5% 
of the world’s water are non-saline fresh water. Saudi Arabia is a desert country with no permanent 
rivers or lakes and very little rainfall. Water is scarce and extremely valuable and with the country’s 
rapid growth, the demand for water is increasing. Seven samples of water are collected, six samples 
from Wells (1-6) and the last sample from Al-Mallah Valley Dam, Mukhwa (7), Al-Mukhwah, in order 
to find impurities and pollutants and found some suitable solution. Some physical properties of water 
are measured such as turbidity, conductivity, pH and also, some pollutants such as iron, manganese, 
nitrate, nitrite fluoride, phosphate as well as calcium, magnesium, sulfate and chloride as well as 
detection of some microorganisms. The results shown that, the water of Al-Mallah Valley  Dam has a 
high percentage of turbidity as a result of contamination of water with clay, plant residues and also 
some dead animals. On the other hand, the samples of ground water have high conductivity and high 
value of fluoride, nitrite, nitrate contents as well as Mn and Fe. Also the result of microorganisms 
showed the presence of some the water of Al-Mallah Valley Dam can be treated with a very simple 
method and become suitable for drinking. Also ground water can be treated with a suitable method to 
reduce the total hardness and some pollutants. But its content of fluoride is higher than that of gulf 
specifications so it must be treated before used. 
 
Keywords: Physico-Chemical Properties, Surface and Well Waters, Al-Mukhwa Al Baha Region Saudi Arabia 

1. INTRODUCTION 

Of all the natural resources, water is unarguably the 
most essential and appreciated. Life began in water and 
spirit is nurtured by water. It is a universal solvent and as a 
solvent it provides the ionic balance and nutrients, which 
support all forms of life. Water is one of the most 
abundant resources on earth, covering three fourths of the 
planet’s surface. About 97% of the earth’s water are saline 
water in the oceans and 3% is fresh water contained in the 
poles (in the form of ice), ground water, lakes and rivers, 

which supply most of human and animal needs. Nearly, 
70% of this tiny 3% of the world’s fresh water is frozen in 
glaciers, permanent snow cover, ice and permafrost. The 
other Thirty percent of all fresh water is ground, most of it 
in deep, hard-to-reach aquifers. Lakes and rivers together 
contain just a little more than 0.25% of all freshwater; 
lakes contain most of it (El-Dessouki and Ettouney, 2002; 
Eltawil et al., 2009; Kalogirou, 2005). Figure 1 illustrates 
the water distribution on the earth. 

Saudi Arabia is a desert country with no permanent 
rivers or lakes and very little rainfall. Water is scarce and 



Al-Ghamdi, A.Y. et al. / American Journal of Environmental Sciences 10 (3): 219-235, 2014 

 
220 AJES Science Publications

 
AJES 

extremely valuable and with the country’s rapid growth, 
the demand for water is increasing. 

Water scarcity in Saudi Arabia is a major problem, 
due to the shortage of natural freshwater resources for 
domestic purposes. In addition, the demand for water in 
the Kingdom increases annually at a rate of 3% or more 
(Al-Sahlawi, 1999). In Saudi Arabia the major source of 
water used to meet the domestic, agricultural and 
industrial needs is the ground water (Dabbagh and 
Abderrahman, 1997). The ground water is defined as 
water that is found underground in the cracks and spaces 
in soil, sand and rocks. This source has two distinct 
functions; firstly, it is a significant source of both urban 
and rural population’s water supply and secondly it 
sustains many wetland ecosystems. Metal contents in 
Saudi well water is of a major concern, due to natural 
phenomenon such as weathering of rocks and soils 
(Al-Harbi, 2010). Metal concentrations in this water 
may also increase due to discharges from various 
anthropogenic sources. Small quantities of certain heavy 
metals are nutritionally essential for a healthy life. 

Groundwater is used for domestic, agriculture and 
industrial purpose in most parts of the world. The human 
activities like agriculture and domestic release large 
number of pollutants into the water bodies. The major 
sources of water are rainfall, surface water involving 
rivers, lakes and groundwater involving wells bore wells. 
In recent years, the growth of industry, technology, 
population and water use has increased the stress upon 
both our land and water resources. Municipal and 
industrial wastes, chemical fertilizers, herbicides and 
pesticides have entered the soil, infiltrated some aquifers 
and degraded the ground-water quality. Other pollution 
problems include sewer leakage, faulty septic-tank 
operation and landfill leachates (Al-Hawas, 2002; 
Madugundu et al., 2014; FAO, 2009). In Saudi Arabia the 
recent source of water is dams. Dams are used to capture 
surface water after frequent flash floods. More than 200 
dams collect an estimated 16 billion cubic feet of runoff 
annually in their reservoirs. This water is used for 
agriculture. Since no previous work has been conducted in 
this subject and thus no results have been published on 
this subject until now, this study could then serve as a 
guideline for further and thorough analyses of well waters 
in Almakhwah, the Kingdom. Here comes the necessity 
for physical and chemical analyses of these well waters 
and Al-Mallah Valley Dam (Zaharani et al., 2011). The 
objective of this study was to detect and determine the 
contents of some impurities and pollutants in some 

samples of groundwater in Almakhwah area and study the 
pollution of Al-Mallah Valley Dam. Also, to predict 
microorganism in surface and groundwater bodies. 

2. MATERIALS AND METHODS 

2.1. Study Sites 

All water bodies chosen for this study are located 
within Al-Makhwah region. Al-Makhwah is a populated 
place in Saudi Arabia, Asia, Fig. 1. It is located at an 
elevation of 448 meters above sea level and its 
coordinates are 19°46'46" N and 41°26'8" E in Degrees, 
Minutes Seconds (DMS) or 19.7794 and 41.4356 (in 
decimal degrees). A Populated place is a city, town, 
village, or other agglomeration of buildings where 
people live and work. It is an excellent agricultural 
region and has many valleys. 

In the western part of Saudi Arabia, underground 
water is the major water source which can be pumped to 
the surface using public electricity or diesel generators 
for remote areas to drive various types of pumps. Then 
this brackish water is desalinated using Reverse Osmosis 
(RO) system to get fresh water suitable for drinking. 

The Geographic location of the Al-Mukhwah city is 
shown in Fig. 2-10 show the Geographic of different 
sites under study. 

2.2. Sampling 

The samples were collected in polyethylene bottles 
(1.5 liters capacity) which had been thoroughly 
washed and filled with distilled water and then taken 
to the sampling site. The bottles were emptied and 
rinsed several times with the water to be collected. 
Also, the sample bottles were partially filled with the 
collected water and vigorously shaken to note the 
order. The sample bottles were covered immediately 
after collection and the temperature taken. Water 
samples from surface water sites were collected in 0.5 
m depth, while water samples from groundwater wells 
were taken by lowering the polyethylene bottles to 
about 0.5 m beneath the water level (Rice, 2012; 
Jameel et al., 2012). 

2.3. Physico-Chemical Characteristics 

pH, conductivity and total dissolved salts were 
measured. PH was measured using a pH meter (HANNA, 
HI 9125) and conductivity, total dissolved salts using a 
calibrated Conductivity Meter (HANNA, Conductivity 
meter). Turbidity measurements were conducted using a 
portable turbidity meter (LaMotte 2020E). Total 
hardness was evaluated by burette titration.  
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Fig. 1. Water distribution on the earth (El-Ghonemy, 2012) 
 

 
 

Fig. 2. Geographic location of Al-Makhwah 

 

 
 

Fig. 3. Geographic location of study wells 
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Fig. 4. Saeed Hass Well, Mukhwa (1) 
 

 
 

Fig. 5.  Melil Valley Well,  Mukhwa (2) 
 

 
 

Fig. 6. Mamina Valley Well, Mukhwa (3) 
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Fig.7. Mamina Valley Bani Ahammed Well, Mukhwa (4) 
 

 
 

Fig. 8.  Mamina Valley El-Sahar Well, Mukhwa (5) 
 

 
 

Fig. 9.  Skamh Valley Well, Mukhwa (6) 
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Fig. 10.  AlMallah Valley Dam, Mukhwa (7) 
 
Total alkalinity, chloride, nitrate-N, sulfate and major 
cations were determined according to Water and wastewater 
examination manual (Adams, 1991). The metals 
concentrations were determined in triplicate and the mean 
value was recorded plus or minus standard deviation. 

2.4. Microbiological Methods 

The three-tubes procedure using lactose broth (Difco) 
was used for estimating the Most Probable Number 
(MPN) of coliform organisms. Tubes were incubated at 
37 C for 48 h and the MPN was obtained according to 
the standard Methods for the Examination of Water and 
Wastewater (Rice, 2012). The confirmed coliform test 
was done by culturing positive tubes into brilliant 
green bile broth (Difco) and incubating at 37 C for 48 
h. Statistical analysis was performed using an IPM 
compatible 486 computer. The means obtained for the 
various water quality parameters measured were 
evaluated according to the current (SASO, 2000; 
GCCS, 1993 WHO, 2011; USEPA, 2009) drinking 
water standards and guidelines (SASO, 2000; WHO, 
2011; USEPA, 2009). 

3. RESULTS 

3.1. Physical and Chemical Analyses 

The results of the analysis of the collected water 
samples from the Al Makhwah area are given in Fig. 11-22. 
Figure 11 Shows the PH of the study sample. Change in PH 
value has been always on the acidic side. It fluctuated 
between 6.28 to 7.1. This is mainly due to the great amount 
of inflowing agriculture, water and also to the 

decomposition of plankton and organic matter (Fathi et al., 
2009). It is shown that the level of PH lower than that of 
minimum value of gulfs specifications. 

We found that the turbidity concentration as showed 
Fig. 12 of all examined samples is very nil except that of 
amiable dam has a higher level than of gulfs 
specifications. This is mainly due to the contamination of 
dam water with the weathering products of rocks and 
clay. The guideline value for turbidity of Saudi Arabian 
Standards Organization (SASO) is 5 NTU. No other 
health guideline based turbidity values proposed by the 
World Health Organization (WHO), the Council of the 
European Union (CEU), or by the United States 
Environmental Protection Agency (EPA). Therefore, the 
turbidity of the tested wells is acceptable according to 
SASO (Rice, 2012; Jameel et al., 2012; Adams, 1991; 
SASO, 2000; CEU, 1998). 

Figure 13 Shows the total hardness of water samples, 
the T.H contents of all samples placed in the range of 
gulf specifications. Total hardness ranged from 130 to 
424 (mgL−1). Overall, the groundwater is unsuitable for 
drinking and other purposes according to WHO drinking 
water quality standards and household uses, unless 
hardness is either totally removed or minimized to the 
recommended safe limits. According to WHO, the 
concentration of CaCO3 dissolved in water by its degree 
of hardness is presented below: 
 
Degree of hardness mg L−1 as CaCO3 
Soft 0-60 
Moderately hard 60-120 
Hard 120-80 
Very hard Greater than 18 
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Fig. 11. The PH values of the examined water samples 
 

 
 

Fig. 12.  The turbidity content, of the examined water samples 



Al-Ghamdi, A.Y. et al. / American Journal of Environmental Sciences 10 (3): 219-235, 2014 

 
226 AJES Science Publications

 
AJES 

 
 

Fig. 13. The total hardness content, ppm, of the examined water samples 
 

 
 

Fig. 14. The total dissolved solid  content, mg/L of the examined water samples 
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Fig. 15. The sulfate content, mg/L,  of the examined water sample 
 

 
 

Fig. 16. The chloride content, ppm, of the examined water samples 
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Fig. 17. The nitrate content, mg/L, of the examined water samples 
 

 
 

Fig. 18. The nitrite content, ppm, of the examined water samples 
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Fig. 19. The ammonia  content, ppm, of the examined water samples 
 

 
 

Fig. 20. The fluoride  content, ppm, of the examined water samples 
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Fig. 21. The iron  content, ppm, of the examined water samples 
 

 
 

Fig. 22. The manganese content, ppm, of the examined water samples 
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Total hardness in the groundwater and 88 (mg L−1 as 
CaCO3) in surface water indicating that the water quality 
of the sample is near to soft. 

The total dissolved salts in ground water samples 
ranged from 487 to 920 mg L−1, Fig. 4 On the other hand, 
site 7 was characterized by low TDS. It is clear from the 
value of the standard deviation that there is a wide 
variation among the samples with respect to their TDS. 
The distribution of the TDS levels in ground water 
samples indicate that the two sites (no, 1 and 7) of the 
water samples comprised the best quality water 
(TDS<500, set by USEPA), whereas sites (no, 2, 3, 4, 5 
and 6) of the water samples [TDS = 501-1000 mg L−1 
comply with the maximum standards and guideline limits 
set by SASO, G.C.C.S and WHO for drinkable water. 

Figure 15 Shows the sulfate content, mg/L water 
samples, all samples placed in the range of gulf 
specifications except site no. 4 and 5. The sulfate 
contents in ground water samples ranged from 152 to 
292 mg L−1. On the other hand, site 7, as surface water, was 
characterized by low sulfate content, 24 mg L−1. The 
distribution of the sulfate content levels in ground water 
samples indicate that sites (no, 4 and 5) of the water 
samples comply with the maximum standards and guideline 
limits set by SASO, G.C.C.S and WHO for drinkable water 
(SASO, 2000; WHO, 2011; USEPA, 2009). 

Figure 16 Shows the chloride content, mg/L water 
samples, all samples placed in the range of gulf 
specifications. The chloride contents in ground water 
samples ranged from 58.3 to 168 mg L−1. The site no. 
5 has the highest chloride content. On the other hand, 
site 7, as surface water, was characterized by low 
chloride content, 41.3 mg L−1. 

Figure 17 Shows the nitrate content, mg/L, in water 
samples. It indicates that all the samples comprised the 
best quality water with respect to NO3

- level (<50 mg 
L−1) as recommended by SASO, G.C.C.S and USEPA 
standards. The nitrate contents in ground water samples 
ranged from 9.6 to 37.6 mg L−1. On the other hand the 
site no. 7 shows the lowest value of nitrate contents, 5.6 
mg/L (SASO, 2000; WHO, 2011; USEPA, 2009).  

Figure 18 and 19 Show the nitrite and ammonia 
content, mg/L, in water samples. It indicates that all the 
samples comprised the best quality water with respect to 
NO2

- and NH3 level (<3 and 1.5 respec. Mg L−1) as 
recommended by SASO, G.C.C.S and USEPA standards. 

The F- concentration in the ground samples studied, as 
in Fig. 20, ranged between 0.81 and 1.51 mg L−1 with only 
one site has a fluoride content conformed with the (SASO, 
2000; GCCS, 1993) maximum permissible limits of 1 mg 
L−1, WHO guideline limit of 1.5 mg L−1.  

Table 1. Biological analysis 
  Most probable no. 
 Total bacteria Of coliform bacteria, 
Site, No. count, Cfu/mL 48 Cfu/mL 48 
Mukhwa (1) 19 +ve 
Mukhwa (2) 17 +ve 
Mukhwa (3) 57 +ve 
Mukhwa (4) 11 +ve 
Mukhwa (5) 31 +ve 
Mukhwa (6) 84 +ve 
Mukhwa (7) 450 +ve 
 
None of the samples studied attained the relatively high 
limit of 4 mg L−1 set by the USEPA standard (2009) 
(SASO, 2000; WHO, 2011; USEPA, 2009). 

High concentrations of iron at about 0.3 mg L−1 
can give the water an unpleasant taste making it 
unsuitable for drinking water supplies (Lester and 
Brikett, 1999). Iron concentrations in the collected 
ground water samples, as Fig. 21 Shown, are in the 
range 0.01-0.29 mg L−1. On the other site, the surface 
water, site no. 7, has iron content 0.14 mg L−1. The 
iron content of the water sample is also within the 
permissible limit of SASO (2000) and GCCS (1993) 
maximum permissible limits of 0.3 mg L−1, WHO 
guideline limit of 1 mg L−1. 

Manganese concentrations in the collected ground 
water samples, as in Fig. 22 Shown, are in the range 
0.01-0.029 mg L−1. The manganese content of the 
water sample is also within the permissible limit of 
SASO (2000), 0.05 mg L−1, GCCS (1993) and WHO 
guideline limit of 0.1 mg L−1 (SASO, 2000; WHO, 
2011; USEPA, 2009). 

3.2. Microbiological Analysis 

The bacteriological analyses of the studied water 
samples using the presumptive test indicated the 
presence (positive test) of coliform bacteria in 6 of the 
wells examined showed that all the wells failed to meet 
the guidelines set by SASO, G.C.C.S, WHO and 
USEPA. The surface water, site no. 7, shows the highest 
content of microorganisms, as presented in Table 1. 

4. DISCUSSION 

It is commonly believed that the composition of 
groundwater does not change naturally. So if a change 
is recognized through taste and/or odor, many may 
think that something bad has happened, Perhaps the 
aquifer has become contaminated, or something is 
wrong with the well. However, a common cause of 
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changes in water quality is through natural variations 
within the aquifer. What gives groundwater its taste is 
the amount and type of dissolved minerals within it. 
Pure water, i.e., having no dissolved minerals, doesn’t 
occur naturally. Factors that control the dissolved 
minerals in ground water include, the types of minerals 
that make up the aquifer, the length of time that the 
water is in contact with the minerals and the chemical 
state of the groundwater. Virtually all groundwater 
comes from precipitation that soaks into the soil and 
passes down to the aquifer. Rainwater has a slightly 
acidic pH, therefore it tends to dissolve solid minerals 
in the soil and in the aquifer. Different rocks, e.g., 
sandstone, limestone and basalt all have different 
minerals and therefore, groundwater in contact with 
these materials will have different compositions. Some 
of the constituents found in groundwater, however, are 
not abundant in common rocks and minerals, for 
example, Chloride (Cl-) and Sulfate (SO4

-2). The 
probable source for these chemicals is the infiltrating 
precipitation. The period of the groundwater is in 
contact with the minerals, the greater the extent of its 
reaction with those minerals and the higher will be the 
content of dissolved minerals. The chemical state of 
groundwater is usually defined in terms of pH, 
temperature and oxidation-reduction potential. These 
parameters control and are influenced by chemical 
reactions. As temperatures change seasonally, as the 
water table rises and falls, or as recharge rates vary, the 
chemical state will change and, as a result, so will the 
composition of groundwater. 

Landfills have been identified as one of the major 
threats to groundwater resources (Fatta et al., 1999) 
Waste placed in landfills or open dumps are subjected 
to either groundwater underflow or infiltration from 
precipitation. Areas near landfills have a greater 
possibility of groundwater contamination because of 
the potential pollution source of leachate originating 
from the nearby site. Such contamination of 
groundwater resource poses a substantial risk to local 
resource user and to the natural environment The 
impact of landfill leachate on the surface and 
groundwater has given rise to a number of studies  in 
recent years (Saarela, 2003; Abu-Rukah and Al-
Kofahi, 2001; Looser et al., 1999). 

Natural rainwater is slightly acidic (Krauskopf and 
Bird, 1994) because it combines with carbon dioxide 
(CO2) in the atmosphere, forming carbonic acid 
(H2CO3) according to reaction: (1) H2O + CO2 = 
H2CO3. Some of the carbonic acid in the rainwater 

disassociates or breaks down according to reaction (2), 
producing bicarbonate (HCO-3) and H+: (2) H2CO3 = 
HCO-

3 + H+, The hydrogen ion produced by reaction 
(2) lowers the pH of rainwater. How far it lowers it 
from the neutral value of 7 depends on how much 
carbonic acid is in the water, which in turn depends on 
how much carbon dioxide is in the atmosphere. The 
more CO2 present, the more acidic is the water. 

Total dissolved solids indicate the salinity behavior 
of groundwater. It is well known that TDS affects taste 
and waters above 500 mg  L−1 can taste poor. 
Generally, TDS levels less than 500 mg L−1 are 
acceptable for household use. According to the limits 
set by the various standards, water with salinity level 
beyond 1500 mg L−1 are considered unsuitable for 
drinking but could be used for irrigating some crops 
with high salt tolerance such as date palm trees. 

Hardness is the property of water which prevents the 
lather formation with soap and increases the boiling 
points of water. Hardness of water mainly depends upon 
the amount of calcium or magnesium salts or both. 

Fluorine is an essential element in the human body. 
Low-dose fluoride (<1 mg L−1) in drinking water will 
prevent dental caries, but high-dose fluoride (>1.5 mg 
L−1) will accumulate in the human body and lead to 
fluorosis (WHO, 2011). Current methods used to 
remove fluoride from water can be divided into three 
categories, precipitation, membrane techniques and 
adsorption. Precipitation of fluoride with calcium and 
aluminum salts has been used to remove fluoride from 
industrial wastewater. Precipitation treatment usually 
reduces high concentrations of fluoride to 2 mg L−1 
(Fan et al., 2003). Membrane techniques such as 
reverse osmosis, nanofiltration (Donnan dialysis, 
electrocoagulation and electrolysis have been 
developed to effectively remove the fluoride from water 
(Diawara, 2008; Durmaz et al., 2005; Kabay et al., 
2008; Zhu et al., 2007). 

During weathering and circulation of water in rocks 
and soils, fluorine can be leached out and dissolved in 
groundwater. The fluorine content of groundwater varies 
greatly depending on the geological settings and the type 
of rocks. The most common fluorine-bearing minerals 
are fluorite, apatite and micas. Igneous and volcanic 
rocks have a fluorine concentration of 100 ppm 
(ultramafic) up to >1000 ppm (alkalis) (Frencken, 1992). 

Sedimentary rocks have a fluorine concentration of 
200 ppm (limestone) up to 1000 ppm (shales) 
(Frencken, 1992). Metamorphic rocks have a fluorine 
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concentration of 100 ppm (regional metamorphism) 
up to >5000 ppm (contact metamorphism). In these 
rocks the original minerals are enriched with fluorine 
by metasomatic processes (Frencken, 1992). The 
ultimate concentration of fluoride in groundwater 
largely depends on reaction times with aquifer 
minerals. High fluoride concentrations can be built up 
in groundwaters which have long residence times in 
the aquifers. Such groundwaters are usually associated 
with deep aquifer systems and a slow groundwater 
movement. Shallow aquifers which contain recently 
infiltrated rainwater usually have low fluoride. High-
fluoride groundwaters are mainly associated with a 
sodium-bicarbonate water type and relatively low 
calcium and magnesium concentrations. Such water 
types usually have high pH values (above 7). 
Information on chemical composition of groundwater 
can be used as an (proxy) indicator of potential 
fluoride problems. In many arid regions, drinking 
water is such a scarce commodity that governments 
have been forced to set the standard at higher levels, 
in order to have any drinking water at all. 

On the basis of recent pathological studies, rocks 
have been subdivided into two main series (i) basal 
lavas ranging from 'transitional' to sub-alkaline (II) 
more or less differentiated products of the alkaline 
(zodiac) series. From a chemical point of view, both 
series have a composition going from basic to 
intermediate. The main mineralogical phases present 
in such products consist, in order of abundance, of: 
plagioclase (~65%), with a variable composition, but 
representable with a mean term 
Na0.45K005Ca05Al l.5Si2.508, pyroxene (~28%), having an 
average augitic composition representable as CaMgSi206, 
olivine (-3%), with an average composition 
Mgl.4Fe0.6SiO4, oxides (~3%), such as magnetite (Fe304) 
and sometimes titanomagnetite (Fe2TiO4) and ilmenite 
(FeTiO3). Other minerals present to a lesser extent are 
apatite, alkali feldspars and in some cases nepheline, 
leucite and biotite. Compared to other types of rocks, 
those erupted by Etna are therefore particularly enriched 
with FeO, MnO, MgO, CaO, TiO2, Na2O, P205 
(Giammanco et al., 1996). 

Manganese occurs naturally in ground water and 
can be found in many types of rocks. As it combines 
with other elements such as oxygen, sulfur, or 
chlorine, it can be found in the reduced and oxidized 
states in groundwater. Manganese is an essential trace 

element for good health. However, high levels of 
manganese for long periods of time can be harmful. 
Too much manganese will injure a part of the brain 
that helps control body movements may also cause 
respiratory problems and sexual dysfunction. Small 
amounts of manganese are needed for growth and 
good health in children, but excess manganese can 
result in nervous system problems. 

5. CONCLUSION 

The ground water quality assessment helps to 
identify the significant parameters of getting better 
information about source of pollution. From the 
obtained results it is evident that, at present the metal 
ion concentration is not at the levels which could be 
hazardous for humans. 

The water of Al-Mallah Valley Dam can be treated 
with very simple method and become suitable for 
drinking. Also ground water can be treated with a 
suitable method to reduce the total hardness and some 
pollutants. But its content of fluoride is higher than that 
of gulf specifications so it must be treated before used. 
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