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Abstract: This study assesses the quality of ground waten &imght different wells in Jazan city southwest of
Saudi Arabia. Ground wateamples were selected during July (dry season)eM&tmples were carefully
collected for physico—chemical characteristics. gkctrical Conductivity (EC), Total dissolved sidi(TDS),
Cl, SO, F, NG, NO,, SiG;, total hardness and turbidity had been analyzedgustandard procedures.
Selections of important cations which may be tdriexcess when present in drinking water were &irrth
discussed (Ca, Mg, Na and YHThe chemical analysis of ground water samplesvsiinat not all samples
comply with World Health Organization Standards (@)Hfor the parameters measured. The bacterial
parameters were analyzed for total count of baxté&i Coli bacteria and Fecal coliform. It was amed that
no bacterial contamination present in the waterpdasn Results show that not all the water sampkesafe for
drinking purposes.
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Introduction

Water is one of the essentials thapstts all forms of plant and animal lifét is generally obtained
from two principal natural sources; Surface watarhsas fresh water lakes, rivers, streams, etc.gamoind
water such as borehole water and well waterthe Kingdom of Saudi Arabia, unlike in many ettparts of
the world, there are no rivers and the rainfalldsy scarce unpredictable, irregular in occurremnb&h may be
very extensive during local storms. Lack of safiking water is a major problem in developing coigst
Hence the most important source water supply ircthantry is ground water storage especially invilages,
where the people depend on this source to get dadiy needs from wells for domestic and househsles in
addition to agricultural purposes. A number of astinfluence water chemistry. Gibbs, (1970) pregpbthat
rock weathering, atmospheric precipitation, evaponaand crystallization control the chemistry ohter, the
influence of geology on chemical water quality islely recognized.The influence of soils on water quality is
very complex and can be ascribed to the processdsotling the exchange of chemicals between tlicasal
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water? The water chemistry of the ground water will mgicsbnsist of inorganic chemicals and suspended
solids as a result of urban run-offs.

The quality of water may be describedoating to their physico-chemical and micro-biolagic
characteristics. The quality of ground water isaresonstant; it is constantly changing in respaiesdaily,
seasonal and climatic rhythms. For effective maatee of water quality through appropriate control
measures, continuous monitoring of large numbequality parameters is crucial because changes in
properties of water haviar-reaching implications directly to the biota aindirectly to marf. Water quality
data are thus, essential for the implementatioresfponsible water quality regulations, for chandziteg and
remediating contamination and for the protectiothefhealth of humans and ecosystem.

Water has unique chemical propertiestdues polarity and hydrogen bonds which means dlle to
dissolve, absorb, adsorb or suspend many diffe@mpounds,thus, in nature, water is not pure as it acquires
contaminants from its surrounding and those arigiogy humans and animals as well as other bioldgica
activities® One of the most important environmental issueaytas ground water contaminatidand between
the wide diversity of contaminants affecting watesources, major metals receive particular concern
considering their strong toxicity even at low camtzations'™®° They exist in water in colloidal, particulate and
dissolved phasel with their occurrence in water bodies being eitbenatural origin (e.g. eroded minerals
within sediments, leaching of ore deposits and artikm extruded products) or of anthropogenic or{gm
solid waste disposal, industrial or domestic effiisg. 10 Some of the metals are essential to sustain difeitan,
magnesium, potassium and sodium must be presenoforal body functions. The present research wagda
out to determine the physico-chemical parametedsiewels of important cations in ground water frdazan
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Figure (1): Location map of the study area

Material and Methods
Sample collection:

Water wellssamples were collected in two times in dry seasom feight wells (W-5,W-6,W-7,W-
8,W-9,W-11,W-12 and W-13) in the study arBafore water sampling, all the glass bottles wéeareed and
rinsed thoroughly with water to be analyz&dl samples were unfiltered and the concentration efdifferent
parameters could correspond to the total concémtraft the ground water was used by the consumers f
drinking. The ground water samples were stored at 1-4°C textye prior to analysis in the laboratory.
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Physico-chemical analysis

Groundwater samples were analyzed folouarchemical parameters as described by the Aareric
Public Health Association (APHA, 1995). Figure Jowls the geographical location of the study areas€&h
parameters include pH, electrical conductivityatatissolved solids, turbidity and important cafosuch as
calcium, magnesium, ammonia and sodium as wellni@na such as carbonates, bicarbonates, chlorides,
nitrates, sulfates, silicate and fluorides. Thew#b measured in the field by means of a pH metectfical
conductivity (EC) and total dissolved solids (TDfre measured in the field by means of digital catigity
meters. Turbidity values were taken using Turlidieter. Sodium were determined atomic absorpii@ttsa
(AAS). Total hardness (TH) as CagQalcium (C&), magnesium (M), carbonate (C§), bicarbonate
(HCOy), alkalinity and chloride (Ol were analyzed by volumetric methods. Nitrate §NGsulfate(S@),
silicate (Si@%), and fluoride (§ were determined by colour development and UVHésispectrometric
measurements of absorbanEer total count of bacteria, E. Coli bacteria amtat coliform were determined
using (APHA) methods. Some statistical analysisdaree using excel program.
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Results and discussions

Ground watemmay contain some natural impurities or contaminag®n with no human activity or
pollution. Natural contaminants can come from maowditions in the watershed or in the ground. Water
moving through underground rocks and soils may pigkmagnesium, calcium and chlorides. Some ground
water naturally contains dissolved elements suchrasnic, boron, selenium, or radon, a gas formethé
natural breakdown of radioactive uranium in solieTesults of the chemical analysis of ground wiaten this
area are presented in the following Tables andrEguSo, it is necessary to make a comparison afngr
water quality of the study areas with some drinkivader standards.

Total hardness

Figure 2: Shows the Ca concentratidhg,concentrations and total hardness of the weditew In
ground water, hardness is primarily due to the gmes of carbonate, bicarbonate, sulphates andialof
calcium and magnesium. The SAS (1993) states figabptimum value for the maximum allowable value of
Mg concentrations, Ca concentrations and total iessl are 150, 200 and 500 mg/l respectively. Uiigy
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standards somef the wells water samples not suitable for drigkifihe highest value is obtained at two sites
(W-11 and W-12) with the value 550 and 600 mg/I.

The total hardness was high in the ground watepme areas. This water stagnant might water was not
being used regularly, this have led to the accutimnaf salts in the well.

The observed result of TDS, Table (3) also coreslad the hardness res@verall, these results show
a direct relationship between chloride concentrati@rdness, conductivity and TDS.
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Figure 3. Concenteration of anions in wells water

Figure 3: Gives average values of the results obtainedingtudy for concentrations of anions in the wells
water. The concentration level ranged from 0.0381egB890.5 mg/l. The SAS (1984) states that thenwoin
value for the maximum allowable value is 600mgHheTorder of the relative abundance of major aniotné
ground water was GISO?> SiQ> > NO;> F>NO,, with CI the dominant anion.

The chloride (C) concentration values ranged from 68 mg/l to 6391nThe SAS states that the
optimum value of the concentration of chloride fismking water is 200 mg/l and the maximum alloveabl
value is 600 mg/l. Using this standard, the watenges of all locations were within the maximunoatble
value of the chloride. The USEPA (1994) states thatmaximum allowable value of chloride is 250 Img/
Using the American standard, the water sample foened to be exceeding the permissible limit forochle
The presence of chloride in higher amounts may U td natural processes such as the passage af wate
through natural salt formations in the earth.

pH

In Table (3) the pH of wells water waghin the Saudi Arabian Specification Standards (S#h&t
requires the pH range to be 7.0-8.5. All the pHigalwere within the United Stated Environmentatdtion
Agency (USEPA 1994) the pH to be in the range 585 drinking water.
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Total dissolved solids

The total dissolved solids (TDS) lnd tvater samples ranged from 967mg/l to 1476mat)d (3). The
Saudi Arabian Specification and Measurements Agestates that the optimum value for the (TDS) is 500
mg/l, and the maximum allowable value is 1500 mghing this standard, all the samples are withien th
maximum allowable value of the total dissolved d®liThe (TDS) in some wells exceeded the maximum
allowable value in the USEPA limits (W-11 and W-1@)hich make their drinking use impossible before
remove the exceeding total dissolved solids ortidituwith water of low total dissolved solids. Frahe total
dissolved solids examination, it was obvious that total dissolved solids differ from one locattonanother
and from well to well. This is an indication of thiéference of the types of soil and rock that ¢iheund water
passes through.

According to a salinity classification fBySSLS (1954)*? the percentages of water samples quality are
25% of samples are non-saline and 75% are sligbdljne. Table (1)

Table (1): Classification of the water samples on the basof TDS

Classification of ground water

Total dissolved solid (mg/l)

Non-saline <1000
Slightly saline 1,000 — 3,000
Moderately saline 3,000 — 10,000
Very saline 10,000-35,000
Brine >35,000

Source: Davis and De Wiest, (1996

Electric conductivity

Direct measurement of electric condiitstiis potentially a very sensitive procedure foeasuring
ionic concentrations, since conductivity dependsooic concentration, their mobility etc. Condudijvs not a
problem in itself and just because it is aboveaterevel does not mean that the water will callsess:* The
average value for the electric conductivity (EGQswi552 micro-mohs and it was ranging from 1452 anic
mohs to 1882 micro-mohs, Table (3) Saudi Arabiaac8jgations and Measurements Agency states theat th
optimum value for the electric conductivity is 8Ghd the maximum allowable value is 2300 micro-mohs
Using this standard, all of the wells were withire toptimum value. The WHO standards recommendé#bion
the EC is only 1400 micro-mohs, so the EC in soraisvexceeded the maximum allowable value in theQVH
limits. Electrical conductivity is a decisive parat@r in determining suitability of water accorditmgelectrical
conductivity as follows Table (2):

Table (2): Classification of the water samples orhe basis of electrical conductivity

Classification of ground water EC in umhos/cm at 25C
Excellent <250

Good 250 -750

Permissible 750 — 2000

Doubtful 2000 -3000
Unsuitable > 3000

Source: Todd, (1980}°
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Turbidity

Turbidity is an important parameter &braracterizing the quality of water. Turbidity mbg caused
when light is blocked by large amounts of silt, ma@rganisms, plant fibers, sawdust, wood ashesnidads
and coal dust. The water samples having turbidiéyNOTU, Table (3) which is within the desirable iirof 5
NTU.

Sodium

The SAS (1997) and USEPA state thatrhaximum allowable value of sodium (N&s 200 mg/l.
Sodium was found to be 140mg/l, using this starglatds value was within the maximum allowable eati
the sodium. Overall the distribution of Na did paise any significant water quality problem, it wathin the
standard acceptable levels of drinking water ddtexchby WHO.

Ammonia

The term ammonia includes the namzied (NH) and ionized (NH) species. Ammonia in the
environment originates from metabolic, agricultueaid industrial processes and from disinfectionhwit
chloramine. Natural levels in ground water andagfwater are usually below 0.2 mg/l (WHO).

According to (Atxotegi et al, 2008)ammonium ion (Nb) is transformed into ammonia (NHbased on pH
through the following reaction:

NH,"— NH; + H or

NH,OH — NH; + HO

The obtained values of ammonia are within the dbkirlimit, Table (3).
Total alkalinity

Alkalinity is an important parametsrcause it measures the water's ability to residifi@ation. The
constituents of alkalinity in neutral system inc&udnainly carbonate, bicarbonate, hydroxide and rothe
components which may contribute to alkalinity apB€;*, HPQ” and HS The SAS states that the maximum
allowable value of the total alkalinity for drinlignwater is 400 mg/l, Table (3). The WHO standarsirdble
limit of alkalinity in potable water is 120 mg/I h€ value of the water samples for total alkalimtgs within
the limit.

Table 3: Some physico-chemical properties of ground water

Chemical Parameters Mean £ S.D.
pH — value (25C) 7 +0.0001
Total dissolved solid salts (mg/l) 1476 + 0.0003
Total alkalinity (mg/l) 20.5 +£0.0002
Ammonia (mg/l) 0.03 £0.00012
Conductivity (25 C) 1555 + 0.0004
Turbidity (NTU, nephelometrc turbidity 0.6 £ 0.0001
unit)

Sample have been analyzed using SPSS program, arsficant (P < 0.01).
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Water is a medium of thousands afroorganisms some of which are disease causingabes in
humans can be caused by the presence of certdiogestic bacteria and other organisms such as sgiruse
protozoa and worms. Pathogens, causing diarrhdadellness such as cholera, are commonly derikad
human faecal material. Globally, 4 billion casesliairhoea are reported every year causing 1.8omitleaths,
out of which about 90% are children under five (@D, 2007)!" Pathogens can readily be washed into
water bodies such as shallow wells. Without treatinguch water is a major cause of illness if caomestl and
may result in loss of productivity and increasedlica@ costs Potable water is defined as waterishfaée from
pathogens, low in compounds that are acutely tokithat have grave long-term effects on human h&alt
Potable water should also be free from compounds ¢hn cause colour, taste (high salinity) and odou
Shallow wells are normally located in the valleyisene the ground water table is relatively high ¢h-gelow
ground level) and infiltration of rain and river i@aplays a main part in ground water recharge.

The standard bacteriological test s@den coliform bacteria. These bacteria do not esagly cause
disease themselves, but their presence indicatgsiromation and the possible presencalisease-causing
organisms such as pathogenic bacteria, virusestastinal parasites. The presence of coliform dr@etmeans
contamination from surface water sources, as thesaot found in ground water. The private wellsstrioe
tested for coliform bacteria every one to two yeatss is especially important if the well is stoall, old, or of
substandard construction. Frequent testing is ri@sommended if it is located close to a sourceushdm or
animal waste, such as a septic tank drainfield)yzad, or animal feeding operation.

Table 4. Shows bacteriological parameters of weéter samples, all the wells water samples wertaldei It
approved that no bacterial contamination is presbdE. coli bacteria, Fecal coliform and total dooh
bacteria).

Table 4: Bacteriological parameters of wells water samples

Bacteriological parameters Mean + S.D.

Total count of bacteria 18

E.coli bacteria -ve

Fecal coliform -ve
Conclusion

Drinking water can be obtained from anber of sources, the one used often dependingeoretative
availability of surface water (such as rivers, Bkand reservoirs) and ground water aquifers. ana
Southwest Saudi ground water from tube-wells isngportant source of drinking water. Ground wateithaes
source of drinking water is usually preferred beeaof its good naturally stable state of microlgjadlity.
However, in some cases ground water may contaimiclaé constituents hazardous to the health. Tlasaech
gives the summary of the results obtained in thislysfor concentrations of anions in the wells watéhe
concentration level ranged from 0.033mg/l to 39@BmMThe chemical parameters of the wells wateo als
studied.The pH of wells water was 7.0-8.5. The total d#sdlsolids of the water samples ranged from
967mg/l to 1476mg/IThe electric conductivity values of the wells wagamples ranged from 1452micro-mohs
to 1882 micro-mohsAll the wells water samples were suitable. It pebikat no bacterial contamination is
presented (E. coli bacteria, Fecal coliform andltobunt of bacteriaMost the ground water samples collected
were having the concentrations of many parametérsnsthe permissible limit. The quality of groumdater is
acceptable in almost all the samples.
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