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ABSTRACT

Geroundwater in the southern part of Al Madinah Al Manawwarah area evises
in the (ruaternary alluvial deposits of Wadi Al Agig as well av the basaltic fovae
Mows and the buried sediments of the Harrar Rakar Plateaw. The basaltic and sub-
basaltic aquifers are mainly confined to semi-confined, with a saturated thickmess
af F0m. On the other hand, the Wadi Al Agiq aquifer is unconfined, and the
saturated thickmess ranges between J0-40m. The groandwater flow & generally
toward the north and northwest.

The TDS valwes range widely from 1515 to 7292 mp/7 (average 4083 mg).
Sach a wide ramge of TDS valwes indicates the effect of several major processes
acting cither individually or collectively. Among these; recycling of saline irrigation
water, water-rock imteraction and anthrapogenic activities, Hydrochemical facies is
of Na-Cl type in Harvat Rahbat. Valwes of No/Cl ratio indicate that sificate
weathering and halite dissolution are the main sources that release Na inte
proundwaler.

Hydrockemical facies in Wadi Al Agig groumdwater i of Ca-S0; fpe
Calcium-rich silicate minerals and gypsum in the allswvial deposits of Wadi Al Agig
are the major sowrces of Co and S0, in groundwater. Groundwater from this
aguifer contains high levels of toxic heavy metals, such as As, Pb, Cd Fe and V,
wihich render it unsafe for drinking purposes ay compared with WHO guidelines,
These high concentrations are mainly derived from leakage of indusirial
wastewater from the unlined disposal site located to the west of Wadi Al Agig.

Enrichment of NO; in groundwater in the study area is most likely related io
intensive usage of fertilizers and leakage of sewage.
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ABSTRACT

Growmdwater in the southern part of Al Madinah Al Manawwarah area exists
i the Quatermary alliwvial deposits of Wadi Al Agig as well ax the basaltic fava
Mows and the buried sediments of the Harrat Rohat Platean. The basaltic and sub-
baxaltle aguifers are malnly conflned to semil-confimed, with o saturated thickness
af Fiw. On the other hand, the Wadi Al Agig aguifer is anconfined, and the
safurated thickneis ranges between 30-40m. The groundwater flow is generally
toward the north and northwesi.

The TDS values range widely fromm 1515 to 7292 mgd faverage 4083 mgA).
Suchk a wide range af TDS values indicates the effect of several major processes
acting either individually or collectively. Among these; recycling of saline irrigation
water, water-rock imteraction and anthropogenic activities. Hydrochemical facies is
af Na-Cl fype in Harrai Rahai. Values aof Na/Cl ratie indicate thar silicase
weathering and halite dissolution are the main sources that releave Na imto
groundwater.

Hydrochemical focies im Wadi Al Agig groumdwater is of Ca-50; iype.
Calcium-rich silicate minerals and gypsum in the alluvial deposits of Wadi Al Agig
are the major sources of Ca and S0 in groundwater. Groundwater from this
aguifer comtains high levels of foxic keavy metals, such as As, Ph, Cd Fe and V,
witich remnder it unsafe for drinking purposes as compared with WHO guidefines.
These high concentrations are mainly derived from leakage of industrial
wastewafer from fhe unlined disposal site located fo the west of Wadi AT Agiy.

Enrichment of Nty in groundwater in the study area is most likely related fo
imtensive wxage of fertilizers and leakoge of sewage.
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INTRODUCTION

The investigated area lies in the southern part of the Al Madinah Al Munawwarah
area between Lat, 24° 247 10 24" 28" N {Morthing 2695000-2 TORM00) and Long. kLo
27 10 39" 47 E (Easting 550000-57 1000) (Fig. 1). Two main types of aquifers exist
in the study area; namely the Teniary-Quaternary basaltic lava flows and underlying
sediments of Harrat Rahat and the Quatemary alluvial deposits of Wadi Al Agiq.
Harrat Rohat is an extensive platcau composed of four lava flows of basaltic
composition underlain in certain parts by buried sediments. Weathered and jointed
lavas, bedding planes between successive lava, lava twbes, vesicles and buried
sediments constitute the most permeable zobes in the harrah. Herein, groundwater
occurs under various hydraulic conditions, varving from confined to semi-confined
and possibly unconfined. Piezometric surface ranges from relatively deep in the inner
parts (>100m) to shallow in the peripheries (<50m) due to difference in topography,

Ciroundwater in Wadi Al Aqgiq is found ol depths ranging between 30 1o 45m. It
flows in a north 1o a northeasterly direction along the main course of the wadi, The
squifer is unconfined and underlain by Precambrian basement rocks.

Groundwater in the investigated arca is mainly of metcoric origin, hence it
acquires s chemcal constituents through water-rock inleractions where dilute CO»-
charged precipitation with low pH attacks different types of silicate and other
minerals to produce major and trace constituents.

Since the study arca is both residential and agricultural, it has been affected by
various types of anthropogenic contaminations varying from agricultural in the Harrat
Rahat plateau, to industrial in the arcas surrounding the Wadi Al Agiq main course.
Agriculiural pollution resulis from the excessive usage of nitrogen fertilizers and
saline water recyvcling. Whereas, industrial contamination 15 caused by wastewater
disposal in unlined landfills at a dumping site 4 km 1o the west of Wadi Al Aqgig. This
disposal site is considered the major point source affecting the groundwater quality
through releasing high concentrations of toxic trace metals (e.g. As, Cd, Ph, Cu, Zn,
Fe. Mn, and V). Other types of pollution may be resorted to infiltration of sewage and
waster waler from cesspools and other sources.

The present stdy aims at identifving the hydrochemical characieristics of
groundwater in Al Madinah Al Munawwarah arca and its relation to the vanous
natural processes, which are responsible for the observed groundwater compositions.

Impact of anthropogenic activities on groundwater quality is also a specific objective.

GEOLOGICAL SETTING

Geologically, the study area lies within the Arabian Shield. The lithological units
outcropping in the investigated area are the Precambrian basement rocks in the west
and the Tertinry-Quaternary lova flows of Hurral Rahat in the east (Fig. 2). The
hasement complex rocks exposed herein are the Al Ays and Furayh Groups (Pellaton
1981). The Al Ays Group crops out north and northwest of the srea and is composed
of silicic volcanic lava, epiclastic breccia, sandstone and rhyolite. The Fuaryh Group
crops out west of the study area and consists of andesite, voleanic breccia, tull,
conglomerate, sandstone and marble. These groups are intruded by younger granitic
plutons in the north and northwest.
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Fig. 2 Geological map of the study arca (modified afier Pellaton 1981).

Harral Rahat comprises five basaltic lava flows of varying ages ranging from
Tertiary to Recent (Moufti 1985). The oldest is 3 Ma years ald, whereas, the voungest
is only a few hundred years old and is outcropping in the northern most pans of the
plateau, Old lavas have been severely subjected 1o fracturing and weathering. In
places, alluvial deposits exist below the lava flows (sub-bazaltic deposits) covering
the courses of the old buried valleys,
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The thickness of the lava Mows varies [rom more than 400m in the ceniral paris
near the volcanic cones, to less than 5m in the peripheries.

Quaternary deposiis cover the drainage patiems everywhere in the arca and
especially in the central area around the Propher’s Mosque. It consists of wadi
allevium terrace, fan eluvial and eolian deposiis. They range in size from gravel, sand
1o clay and their thickness varies from about 8m in the contral area (o more than 80m
in Wadi Al Aqgiq.

HYDROGEOLOGICAL SETTING

The climate of the study area is of the desen type, whereby summer is extremely
hot and dry and winter is cold, Rainfall takes place mainly in winter and. The average
annual rainfall is sbout G0mm (Bayumi, et al. 2007).

The main aguifer systems in the Al Madinah area exist in the Harmrat Rahat and the
drainage basins within the Precambrian oulerops. The lava flows of Harrat Rahat
together with the old sub-basaltic alluvial deposits comprise two inseparable
hydrogeological units of regional scale. Weathered and jointed lavas, bedding plancs
between successive lava, lava tubes, vesicles and buried sediments constitute the most
permeable zones. Groundwater occurs under various hydraulic conditions, varying
from confined 1o semi-confined and possibly unconfined. Piezometric surface is
relatively deep in the inner parts (=100m) 1o shallow in the peripheries (<50m).
Regional groundwater movement is to the north and northwest, ie towands Al
Madinah (Fig. 3).

The major valley system in the study area is that of Wadi Al Agig, which runs
parallel 1o the western side of Harrat Rahat. It drains an area of about 3300 km® (Al-
Donan 1999). The aguifer is unconfined consisting of unconsolidated Quaternary
alluvial deposits in addition 1o the weathered pant of the underlying basement rocks.
The thickness of the saturated zone ranges between 30-40m and the average depth to
water level is 35m, Groundwater flow is toward north and northeast (Fig. 3). The
averape annual recharge rate was caleulated using the chloride-mass balance method,
It is estimated aboat 0.72 mmdyr { Bazuhair, et al, 2002),

Several wells pump both squifers for tmigation purposes. An inventory of the
sampled wells is given in Tablel.

ANALYTICAL METHODS

Giroundwater samples were collected from 43 wells during March 2007 (Fig.4).
These samples were collected afler pumping the wells for at least 10 minutes,
Electrical conductivity was measured at the well sites. Water samples were later on
analyzed for major and trace constituents, Minerals saturation indices were caleulated
using PHREEQC (Parkhurst and Appelo 1999) interfaced with AquaChem softwane.
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Fig. 3 Picrometric surface map of the study area {meters above sea level),

Fig. 4. Well location map of the study area.
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Table 1. Well inveniory of the siudy area.
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Hydrachemisiry

Chemical analysis resulis of major and irace elemenis of representative wells are
given Tables 2 and 3, respectively. The EC and TDXS values range widely from 3140
i 10930 pSlem (average 6604 pSlem) and from 1515 to 7292 mg/ (average 4083
mg/1), respectively. This indicates slightly to moderately brackish water. High salinity
waler exisis in the upper paris of Harral Rahat and becomes fresher northward,
possibly due to mixing with groundwater from other squifers. Relatively fresher water
is found in the alluvial deposits aquifiers, such as Wadi Al Agiq. Wide range of TDS
values may reflect that various environmental and antificial processes, such as cycling
salting, water-rock interaction, excessive pumping of groundwater, and human
activities, control the groundwater quality in the study aren. On the other hand, pH
values (average 7.39) indicate that the groundwater is alkaline,

Major lon Distribution

Table 2 shows the concentrations of major dissclved constituents are guite
variable. The general jonic dominance of groundwater of Wadi Al Agig
(Ca=Na>Mg>K and S0,>CI=HCOy), is different from that of Harrat Rahat, which is
characterized by the following ion dominance: Na>Mg>Ca>K and Cl=50,=HCO;,

To understand the spatial control of major ions, the relationships between TDS, as
o useful indicator of cyclic salling, and major jons are shown in Fig.5. Concentrations
of most 1ons m Harral Rahat samples tend (o have strong relationship with TDS, to the
contrary of those in Wadi Al Agig.

Relatively low concentrations of Ma, averaging 440mg/, are found in Wadi Al
Agig. Moving toward Harrat Rahat, higher concentrations reaching up to 1300 mg/
are found, particularly in the inner zones. This increase is most likely atiribuied io
recycling of irrigation waler rich in evaporite salts.

Ca, however, is dominant in Wadi Al Agig, where mosi of the samples form a
cluster deviating from other samples. Ca enrichment in this area may be attributed 1o
dissolution of calcium-rich silicate minerals and carbonate minerals as well as
gypsum, which were proved to occur in the alluvium (Bayumi, et al. 2007). Other
possible sources of Ca in the Wadi Al Agiq arca may be atiributed io polluted water
infilrating from a dumping site of industrial wastewaler west of the wadi
{Somasundaram et al. 1993; Reimann and Caritar 1998). Ca is replaced by Na through
its flow path from Wadi Al Aqgiq towards Harrat Rahat by the influence of cation
exchange where clay exchangers are common in the aquifier matrix.

Mg content in the study area ranges between 29 to 500 mg/l. Groundwater
samples from Harmat Rahat tend to have high Mg contents, which may be due to
weathering of basaltic lava enriched in Mg. High Mg concentrations in Wadi Al Agig
area is most likely derived from the metal industry in the industrial arca west of the
Wadi, Similar conclusion was reached by Pitt et al. {1999)

Concentration of K ranges between 2.9 and 28.4 mg/l. Highest K contents were
obzerved in groundwater of Harrat Rahai, possibly originating from agriculiural
fertilizers ( Trauth and Xanthopoulos 1997),
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Table 2. Hydrochemical results of major constituents in the collected groundwaler

samples {in mg/l).
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Table 3, Concenirations of frace constituents in the collected groundwater samples (in

_mg/l).
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All anions, except S0, have lower conceniraiions in Wadi Al Agiq. In particular,
Cl ions show a positive relationship with TDS (Fig. 5), suggesting that it can be used
as effective indicator of salinity. Cl tends to be enriched in Harrat Rahat groundwater,
which has peochemically evolved from groundwater of Wadi Al Aqig through natural
flow paths. This probably has been caused by cyclic salting from farm areas along the
flow path toward northeast (Bayumi, et al. 2007), as well as mixing with sewage
waler.,

50y contents show increasing trend with increasing TDS. Samples having high
S0y concentrations from Wadi Al Agiq cluster together. High S0y conients may be
derived from dissolution of gyvpsum in the aquifer matrix or from industrial effluents
and phosphate fertilizers (Subbarso et al. 1996, Cortecei, et al. 2002). High 50,
contents in groundwater of Wadi Al Agig may be atiributed o the effect of the
disposal site of industrial wastewater, which is located at 4 km o the west.

HCOy shows weak relationship with TDS as shown in Fig. 5, indicating diverse
sources of this ion, High HCO; concentration results from dissolution of COy gas
likely formed by the anoxic biodegradation of organic matter that can be derived from
leaky industrial and domestic sewage water (Canter 1997, Jeong 2001, Lilberbrand et
al. 2001).

M(); content in groundwater samples range between 31-231 mg1. Most of those
samples have nitrate concentrations exceeding the WHO (2004) drinking water
standards of 30 mgl. NOy has most likely originated from fertilizers application and
leakage of sewage, which tends 1o increase along the flow path. NO. concentrations
may be further affected by complex hydrochemical processes such as nitrification and
denitrification (Amade 1999; Rosen ct al. 199%; Silva and Williams 2001 ).

Hydrochemical Facies

Major ion concentrations of all groundwater samples, which represent the two
main aquifers in Harrat Rahat and Wadi Al Aqgig are shown in a Piper's diagram (Fig.
6). Hydrochemical facies of groundwater in the siudy area change broadly from a Ca-
S0y type in Wadi Al Agig to a Na-Cl type in Harrat Rahat. This may suggest that the
groundwater quality is controlled by water-rock interaction and anthropogenic
activities. The distribution of cations and anions in groundwater of each aquifer in the
temary diagrams indicales dominance of Ca and 50y for Wadi Al Agiq samples and
urNulniCIfulHumElhluuplu_Mlnmpbunchrlﬂumdbym
of Cl and 50y over HCOy. The change of the hydrochemical facies of groundwater
from Ca-50, in Wadi Al Agig to Na-Cl in Harrat Rahat may be attributed to cation
exchange where Ca is removed from groundwater and Na is released from the clay
exchangers.




Groundwater Quality, Al Madinah, KSA

# Wad Sy
A Herrel Rahel

Futiy] L]

1800 Be *»

- 'f‘.ll &
1200 . s 480 s
E -] Wl Em 1 a M

= ﬁ S * *
oy & m—t‘&
LIS i i i i L I O R I
O 24O R ) O S B VO 3400 R0 5700 B0 MO0
TDS (mgA) TDS (mgA)
800~ 0 &
__ . 2 -
B - at B fﬁ
Em- =12 1= -
.
Iﬂ': -': +¥
D o L o B S
0 0 B0 5280 0 SO0 SO0 1m2¢::|rn{nnmamuaum
TDS {mgh) TOS (mod)

4000 -7 VIED)

00 J ., 1800 # 4 4
= 1 " ‘E + .
E.:«m- ?l’ £ 120 P
Eim: 4 ﬁ o0 ‘f ad -

B | gy ﬂ‘p ‘

I}i'..-. e L i e e b e
1m:«hmmmm -mhhmsthmmm
TDS (mgA) TOS (migh)

001 3 50 O S350 i A0 41000 4000 5310 B 8
TDS [mgA) TOrS {mgA)

Fig. 5. Relationships of TIXS versus major ions concentrations,

11




Fig. 6. Piper's diagram showing hyvdrochemical facies of the collected samples.

Dissolution and Depasition

Mineral equilibrium calculations for groundwater are useful in predicting the
presence of reactive mincrals in the groundwater sysiem and estimating mineral
reactivity (Deutsch, 1997). If certain minerals such as calciie and dolomiie are
commonly found in equilibrium with groundwater, it is then reasonable to assume that
these mincrals are reactive in typical groundwater covironments and that they can
control solution concentration. By using the saturation index approach, it is possible
o predict the reactive mineralogy of the subsurface from groundwater daia without
collecting the samples of the solid phase and analyzing the mineralogy. In the present
study, saturation indices (SI) of some common minerals were calculated 1o determine
the chemical equilibrium between minerals and water. [f the groundwater is saturated
{51=0) with respect to a mineral, it is prone to precipitate some of the solute load. On
the other hand. if it is undersaturated (S[<0) it will take more mineral into the
solution. If the saturation index of a specific mineral is equal 10 zero, it means that
groundwater is in equilibrium with the mineral.

The S1 values of aragonite, caleite and dolomite of groundwater of the study
area indicate that the groundwater is mostly oversaturated with respect to these
minerals, Very few samples are slightly undersaturated with respect 1o these carbonaie
minerals (Slygenite <0.37 = (.52, Slegicine <0.23 = 0.66, Slygtomie =1.50 = 1.65).
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Groundwater of the study area is also moderately undersaiurated with respeci
to gypsum and anhydrite and strongly undersaturated with respect 1o halite (51 pam -
003 - <131, Slappaise 023 - -1.50, Sligge 416 - -5.97). All these minerals were
found as sall aggregates in the soil zone (Bayumi, et al. 2007). These salts are
concenirated in the soil due io high rates of evaporation and therefore they are
deposited. Recharpe of rainwater duning the rainfall events andfor irigation water
dissolves these minerals, and evaporation enriched water in the soil zone is fushed
into the groundwater, This increases the SI of groundwater.

POTENTIAL SOURCES OF SALINITY

The complex nature of groundwaler chemisiry in ithe study area suggesis an
interaction of water with the hydrogeological environment. Various natural and
human activities, such as water-rock interaction, cycling salting, and anthropogenic
activities, can be thought of as possible factors causing deterioration of groundwater
quality. Those factors are discussed below;

1- Rock — Water Interaction

Weathering of silicate rocks in the study area is one of the important processes
responsible for the higher concentration of Ca and Ma in groundwater. Relationship of
Ma/Cl molar ratio versus EC can be used as an indicator of silicate weathering. A ratio
greater than one is typically interpreted as Na released from a silicate weathening
reaction (Mayback 1987). On the other hand, if halite dissolution is responsible for
sodium, the Na/Cl molar ratio should be approximately equal 1o one.

In this study, most of the Na/Cl ratio values range around or exceeding | .00,
indicating that silicate weathering and halite dissolution are the main processes
resulting in release of Ma into groundwater (Fig. 7).

o 2000 4000  E0OOD B0OD  P0000 13000 14000

EC pSicm

Fig. 7. NoiCl molar ratio versus EC.
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The country silicate rocks in the region are mainly composed of basali, andesite,
rhyolite and granite. [t is therefore, expected that Ca and Na are released during
weathering reactions of these rocks sccording fo the following reactions:

2 IINAAISED, + B SAHODH 20— May gl S J0l0H); + INa' + 2H00," + 1.32H,560,
Alhite Ma=mantmaorillonite
Or
INAISED, = LTH04 200, —s ALSLOJOH), + 2Na' + JHOO, + H,Si0,
Allbite Kaolinite

For pyroxene:
CaMp(Si0y) + 400 + 6H0 —* Ca + Mg + 4HOO, + 25 0OH),

In addition, for amphiboles:
CagMgsSiglhp{OH); — 14000 + 22H,0 + 2Ca + 5Mg + 14HO0, + BRi0OH),

Calcite and dolomite are common minerals in the alloviem, where their
dissolution yields Ca and Mg ions 1o the groundwater. Relationship between CaMg
ratie and Cl concentration in groundwater samples may help in determining the
sources of both tons. That is, if the ratio CaMg =1, dissolution of dolomite should
oceur, whereas a higher ratio is indicative of greater caleite contribution (Maya and
Loucks, 1995). Higher Ca™g molar ratio (>2) indicates the dissolution of silicate
minerals, which contribute calcium and magnesium to groundwater (Katz et al. 1998),
Fig. B shows such relationship in which the points lie closer to the value of Ca'Mg =1
indicating the dissolution of dolomite, Samples having ratios between | and 2 indicate
the dissolution of caleite. Those with values greater than 2 indicate the effect of
silicate minerals.

Furthermaore, Sr and Ba are common elements replacing Ca or K in igneous- rock
mingrals in minor amounts (Hem 1970). Dissolution of carbonate minerals can be
another source for Sr. Fig. 9 shows plots of Ca and Al concenirations versus Sr and
Ba. Those relationships are identical to Al versus Sr and Ba, indicating the influence
of silicate weathering as a major source of these ions.

Cl (mmolell)

Fig. 8 CaMg molar ratio versus Cl.
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Fig. 9. Relationships of Ca and Al versus Srand Ba.

1- Cycling Salting

Intensive pumping of groundwater for imgation purposes in quantitics exceeding
rates of recharge, particularly in Harrat Rahat resulted in serious consequences 1o the
quantity and quality of groundwater. Water levels continue 10 lower down with time
causing dryness of shallow aquifers. Most of the wells are now pumping water from
deep agquifers, which hardly receive recharge from the surface. Pumping rates range
between 500 1o ﬂﬂ&m’-fdly. whereas pumping durations ur;bemm 6 10 12 hoairs
daily. This vields an average abstraction rate of about 6000m™/day. If we consider 6%
recirculation rale of irfgation water, it means that approximately 360m' moves
through the soil 10 reach the saturated zone every day.

Recirculation of irmgation water plays an imporiant role in increasing the salinity
of groundwater. Irrigation water tends to precipitate evaporite salts, such as halite,
caleite and gypsum, within the soil column. Those salis are laler on washed down by
irrigation water, which becomes highly mineralized, 1o the saturated zone.

3- Anthropogenic Activities

High concentrations of several trace elements in groundwater samples from Wadi
Al Agiq aquifer are mainly attributed to the anthropogenic influence of the industrial
area located to the west of the Wadi (Fig. 2). Near this arca, industrial wastewater
from various industries such as tannery, paints, rock wool. . ete, are disposed of in
unlined landiill (Fig. 107
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Leakage of industrial wastewater loaded with high concentrations of harmful
trace constituents is the main point source of groundwater pollution in Wadi Al Agig.
Several death cases and serious discases for local inhabitants were recorded in
newspapers, which reflect the impact of this industrial area on the public health.
Although there are environmental legislations for preventing such undentakings, they
dio ol seem 1o be applied here.

High NO; contents in groundwaler are mwost likely attributed 1o excessive
application of fertilizers in agriculture in addition 1o leakage of sewage from septic
tanks.

Fig. 10. Dumping site of industrial disposal waste in Al-Humra District, south of
Al-Madinah Al-Munawwarah.

TRACE ELEEMENTS CONCENTRATIONS

Eight trace elements were analyzed in the collected groundwater samples; namely
As Cd, Pb, Cu, Fe, Mn, Zn and V. Analytical results of these constituents are given in
Table 3 and illustrated in Fig. 11. Samples collected from Wadi Al Agig (Nos. 36-43)
contain nodiceably high concentrations of most examined trace constituents. The rest
of samples show normal concentrations of these clements.

Arsenic i an importanl drinking-water contaminant known to cause cancer, skin
damage and circulatory system problems to humans (Steinmaus, et al., 2003).
Relatively high concentrations of As were found, in three samples (nos. 36-38) from
Wadi Al Agiq, exceeding the WHO (2004) maximum contaminant level (MCL) of
0.05mg/. The possible source of this contaminant is the tannery factory waste that is
disposed of in the Al Hamra arca, west of the wadi, Number of the inhabitants in the
area has died and others have suffered serious diseases as a resull of this problem.

Cadmium metal is used in steel industry, paints, plastics and batieries.
Contamination in drinking water may also be caused by corrosion of galvanized pipes
and some metal fittings. Cd contents in groundwater samples from Wadi Al Agig
mange between 0,003 and 0.120 mgl, which exceeds the MCL of 0L0Img1. The
possible sources of this pollutant are the paint factory and the car workshops in the
industrial area.
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Lead is used principally in the production of lead-acid batteries, solder and alloys,
The organolead compounds tetraethyl and tetramethyl lead are used extensively as
lubricating agents in petrol. Lead is rarely present in tap water as a result of its
dissolution from natural sources; rather, its presence is primarily from houschold
plumbing systems containing lead. It is known o cause kidney problems and high
bleod pressure (EFA 1999 Average Pb level in the study area (of 0,075 mgd)
exceeds the maximum permissible limit of 0005 mg/l. Highest concentrations wee
met in Wadi Al Agiq (sample nos, 36-43).

Copper is both an essential autnent and a dinking-water contaminant. It i used 1o
make pipes, valves and fittings and is present in alloys and coatings. Copper
concentrations in drinking waler vary widely, with the primary source most oflen
being the corrosion of intetior copper plumbing. Copper concentrations in treated
water often increase during distribution, especially in systems with an acid pH or
high-carbonate waters with an alkaline pH (WHO 2004), Consumption of standing or
paritally fushed waier from a disiribution sysiem thai includes copper pipes or
fittings can considerably increase toial daily copper exposure, especially for infants
fed formula reconstituled with tap water.

The measured Cu concentrations in groundwater from the investigated area are
generally less than the MCL set by WHO of 1 mgl. However, Wadi Al Agig
groundwater has higher values of Cu contents due to the effect of leakage from the
industrial wastewater landfill.

Iron is one of the most abundant metals in the earth’s crost. It is found in natural
fresh waters at levels ranging from 0.5 to 50 mg/l. lron may also be present in
drinking water as a result of the corrosion of steel and cast iron pipes during water
distribution. Iron is an essential element in human nutrition and the minimum daily
requirement for it depends on age, sex and physiological status. Average Fe
concentration in the collected groundwater samples is 0.16 mg/l, which is less than
the recommended value for drinking water of 0.3 mgl (WHO 2004). High Fe
concentrations were recorded in for Wadi Al Aqig groundwater where the maximum
concentration was 1.5 mg/1.

Manganese is one of the most abundant metals in the Earth’s crust, usually
occurring with iron. It is used principally in the manufacture of iron and steel alloys.
More recently, it has been used as an octlane enhancer in petrol in Morth America.
Manganese is an essential element for humans and other animals and occurs naturally
in many food sources. Manganese is naterally occurring in many surface water and
groundwater sources, particularly in anacrobic of low oxidation conditions. Mn
content in groundwater of the Al Madinah area ranges from 0 - 0,62 mg/]. Part of the
Wadi Al Agig samples exceeded the MCL for drinking water of 0.05 mg/1 (WHO
20047; this is also attributed 10 the impact of the industrial wastewater landfill.

Zinc is an essential trace clement found in virlually all food and potable water in
the fiorm of salts or organic complexes. Although levels of zine in surface water and
groundwaier normally do not exceed 001 and 0L05 mg/, rcq:mlmly,cmnmm
in tap water can be much higher as a resull of dissolution of zinc from pipes.
Groundwater samples from the investigated arca have Zn concenirations ranging
between 0.001 1 2.5 mg/l, which lie below the MCL of drinking water of 5 mg/l.
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Fig. 11. Concentrations of trace constituents in the collected groundwater samples.

Significant sources of vanadium include the dumping of sewage sludge, discharge
of domestic wastewater and the indusinal cffluents specially fertilizers containing
materials with high vanadium content. Groundwater from Wadi Al Agig has
abnormally high values of V concentrations, varying between 0.022 w 1.3 mg/ in
sample nos, 43 and 37, respectively. This high values is due to leakage from the
industrial wastewater landfill, where spent oils from car workshops are disposed.
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CONCLUSIONS

The main aquifers in the southern pans of the Al Madinah Al Munawwarah area
are the lava flows and intervening sediments of Harrat Rahat and the drainage basin of
Wadi Al Agig. Groundwater movement is toward the north and northeast and the
average annual recharge rate is abowt 0.72 mm/yr.

The groundwater quality in these aquifers has deteriorated greatly as a result of
several major processes acting either individually or collectively. Cyclic salting or
diszolution of the readily soluble salts in the soil zone, intensive pumping, water-rock
interaction and the intensive application of fertilizers are the main possible causes for
increasing groundwater salinity, Weathering of silicate minerals controls the major
jons such as Ma, Ca, Mg, and K in groundwater, Groundwater is oversaturated with
respect to carbonate minerals and undersaturated with respect o gypsum, anhydrite
and halite. The ionic ratios of Na/Cl and Ca™Mg explain the contribution of halite,
calcite, delomite and silicate minerals to the groundwater.

The hydrochemical facies of groundwater changes from Ca — 50y in Wadi Al
Adgig 10 Na-Cl in Harrat Rahat. This may be attributed to cation exchange where Na is
released indo groundwaier from clay exchangers.

Chemical composition of groundwater in the Wadi Al Aqig arca is mainly
influenced by leakage of indusirial wastewater from the unlined dumping site io the
southwest, The groundwater hercin is chamcterized by noticeably clevated
concentrations of As, Cd, Ph, Cu, Zn, Fe, Mn, and V. It is, therefore, strongly
recommended 1o siop disposal of the untreated industrial wastewater in this insecune
landfill. Moreover, conservation of groundwater resources in this area can be
accomplished through using of subsurface drip imigation methods, which will also
help in decreasing the possibility of salt precipitation in the soil zone and hence cyclic
salting.
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