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Abstract. 
Groundwulcr pluy and will conlinue to play a critical role in 

satisfiing water requirements f i r  Saint Katherine and Feiran Oasis. 
Thus, sustainable groundwater development and presentation of 
groundwater quality should receive priority attention. Environmental 
impacts include both human activities and natural phenomena, but 
human activities could impair groundwater quality and contribute to 
maximum damage through over-exploitation and irrational use. The 
problems of groundwater quality and quantily have been intensified 
during the last few years in response to ever-increasing population. 

The objective was to assess the impact of urbanization on 
recharge and groundwater quality. New sources of recharge are 
developed within urban areas, including septic tanks, and intensive 
irrigation of domestic gardens. The quantity of recharge depends up 
on the density of urban development, and the amount of water 
imported @om external sources. A continuous decline of groundwater 
levels in wells indicates that the aquifer is subjected to a continuous 
intensive exploitation. Reduction of groundwater withdrawal is 
recommended to avoid the deficit in water supply and deterioration in 
water quality. 

The hydrochemical compositions of water samples collected 
@om the populous areas are characterized by high ionic 
concentrations of different ions, donzinuncc of ch201-ide und sulphate 
ions and low bicarhonute conieni. However, undesiruhle levels vf 
chloride and .c-u/phurc Ions were nhove the 1*e~~mn7ended /el,ci\ 777 c 

ele1:ufc.d chloride concentration.\ in M uier nzuy be indicative oj mixing 
from higher chloride wuter, tthile elevated sulphate concentrations 
are attributed to the oxidation o f  organic and inorganic sulphide in 
soil proji le. Nitrate-N concentrations are significantly higher in urban 
urea (>I PPM) than the non-urban sites, this is attributed to the 
microbial degradation of organic nitrogenous material including 
human and animal wastes as well as fertilizers used in domestic 



gardens. High concentrations of trace metals are noted in 
groundwater at dense populated areas. The results of bacteriological i 

analyses show that only I I wells are fiee of total Coliform and E. Coli 
j 

type, these wells are located outside the populated areas. The 
presence of such bacteria a fJms  the presence of faecal pollution. I 

Accordingly, the groundwater in populous areas should chemically i 
treat before drinking. It is vital that a groundwater quality-monitoring 1 
program be established as a matter ofpriority. 

Introduction 
The area of study is located in south Sinai (Fig. 1). It is 

bounded by latitudes 28' 25- & 28' 45- N and longitudes 33' 35- and 
34" 00-E. 

During the last decades Saint Katherine-Feiran oasis areas 
have received particular Governmental attention due to intensive 
tourism for Saint Katherine monastery and increasing population I I 

extension. The groundwater is the main water resource for the 
development of these vital areas where surface water is limited and I 

exists only at w. Talah for several months of the year along its down 
stream course. The problems of groundwater quality and quantity have 
been intensified in response to increased growth and concentration of 

I 
populations, The people attain water from shallow wells and dispose 
the sewage via earth closets and septic tanks, from which water seeps i 
to groundwater. Most wells are situated between houses, not sealed 
and opened to faecal and other contamination fiom varieties of 
sources. Most water withdrawn from wells is actually used to collect 
wastes. In any evaluation of groundwater resource, the quality of water 
is almost of equal importance with quantity available. In fact, most 
human activities have a direct and usually adverse impact on water 
quality. 

The area under study was subjected to several geological, 
geophysical and hydrogeological studies, among them El Shazly et al., 
(1985), El Sharny et al., (1989), El Shendy, (1989) and El Sharny and 
El Rayes, (I 992). Although much has been written about groundwater 
occurrences in the studied areas, little is currently known about the 
impact that changes in land use will have on groundwater quality. 
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Aim and methods of study 

The present work aims to evaluate the environmental impacts 
caused by rapid urbanization on groundwater at Saint Katherine and 
Feiran oasis areas. Field observations and measurenlcnts were carried 
out during March 1998 along the course of W Feiran-W. El-Sheikh. 
The depths to watcr. pH and conductivity were measured in the field. 
Separate samples were coilected for the anal~ses of major ions, heavy 
metals and nitrates. Samples were also collected from wells for 
bacteriological analysis. A computer program WTEQP and GWW 
were used for geochemical calculations and graphical presentation of 
chemical analyses. 

Environmental setting 
Geology 

Saint Katherine area is occupied entirely by granitic and 
volcanic rocks (Fig. 2) which are invaded by a few numbers of acidic 
and basic dykes. The acidic dykes are resistant to weathering and 
usually form positive relief features. Acidic dykes of nearly N-S 
direction create good reservoirs in which Haroun and Zitona wells 
were dug. The basic dykes are found and dominate the fault zones 
oriented NNW-SSE. These dykes act as dams that collect water, when 
intruded in the sheared medium-grained alkali feldspar granites (El 
Shamy, et al., 1989). Several NW-SE and NE-SW dykes dissect W. El 
Sheikh and W.El Raha were reported by El Shazly et al., (1 985). The 
area is generally affected by three main sets of faults and joints, they 
have three main trends namely, N-S, NNW-SSE and NE-S W. The 
joints are mostly vertical or steeply dipping, their lengths range 
between 60 cm and 3.6 Km 'with space interval of 20 to 80 cm (El 
Shamy, et al., 1989). Such structural features permit the accumulation 
and movements of groundwater. 

The bed rochs i n  U' I ciran consiit I-t';ranite, granodiorite and 
gneiss (Issar and Eckstein, 1969). Lacustrrnc deposits assigned to Plio- 
Pleistocene age have been reported in W. Feiran. It consists of 
laminated and massive marls, sandy mads graded bedded sandstone, 
silt and clay intercalated with gravel (Abdel Wahab, H. et a].. 1907). 

The Quaternary sediments exist as wadi fillings along the 
course of W. Feiran and their tributaries. It is composed of pebbles, 
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cobbles, graveles, sand and silt. Its thickness varies from place to 
place, ranging between 30 and 100 m depends mainly on the 
configuration of the basement surface (El Shamy and El Rayes,(l992). 

Two aquifer systems exists at St. Katherine-Feiran oasis areas 
namely, the basement rocks and the Quaternary aquifers. The 
basement rocks are highly jointed, faulted and fractured and invaded 
by acidic and basic dykes. These structural features permit the 
accumulation and movement of groundwater. The Quaternary aquifer 
exists along the main wadi, its thickness varies fi-om place to place, 
ranging between 30 and 100 m depending on the surface of the 
basement rocks. The accumulation of groundwater within this aquifer 
depends on the presence of dykes crossing the main wadi. At Feiran 
oasis the main wadi is characterized by several meanders and growing 
of the Palm Groves. These factors reduce the velocity of surface runoff 
during floods, consequently increases the rate of infiltration and 
aquifer recharge. 

El shazly et al., (1 985) pointed that the wells in W. El Sheikh 
and W. El Raha show limited production of water. Continuos decline 
in the water level and daily production of Haroun and Zitona wells 
were recorded by El Sharny et al., (1989), they attributed this 
conditions to over pumping to cover the increasing demand for water. 
Desert Research Institute measured the depths to water during 198 1 
for Zitona and El-Watia wells to be 43 and 30 my respectively. 
Recently, (1998) the depths to water at Zitona and El Watia wells were 
recorded by the Author to be 44 and 36 m, respectively. The increases 
in depth to water indicate that the.aquifer is subjected to a continuous 
intensive exploitation. 

Urban development can radically change the distribution of 
groundwater recharge. New sources of recharge are developed, 
including septic tanks and intensive irrigation of domestic gardens. 
The quantity of recharge depends up on different factors among them 
the density of urban development, and the amount of water imported 
from external sources i.e. the groundwater is transported from El 
Watia well to Katherine city. Reduction of groundwater withdrawal is 
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recommended to avoid the deficit in water supply and deterioration in 
water quality. 

Groundwater pollution problems 
Hydrochemical composition 

The plotting of the chemical analyses (Table 1 )  on Schoelier's 
diagram (Fig. 3) indicate the presence of two distinct hydrochemical 
composition, one of then1 characterize the water samples collected 
from the populous areas and the other represent the non-populous 
areas. The hydrochemical compositions of water sampIes collected 
from the populous areas are characterized by high ionic 
concentrations, dominance of chloride and sulphate ions and low 
bicarbonate content. Among the cationic concentrations, calcium ion 
prevails and followed by sodium ions. The hydrochemical 
composition reflects the mixing processes of meteoric water with 
sewage water that seeps from septic tanks, where the ionic 
concentrations (EPM) of both potassium and sodium is lesser than 
chloride r(K+Na)/rCl <1 similar to normal sea water. The 
hydrochemical parameters rC1- r (K+Na)/rMg <1 and rC1- 
r(K+Na)/rMg >1 reflects the presence of Mg C12 and Ca C4 water 
types. Two assemblages of salt combinations are found (Table 2), 
these are: 
Kcl, NaCl, MgC12, Mg SO4, Ca SO4 and Ca (HC03)2 

Kcl, NaCI, MgC12, CaC12, Ca SO4 and Ca (HC03)2 

It is worth to mention that these salts are similar to that of sea water 
and old marine water. 

On the other hand. the hydrochemical compositions of water 
samples collected from non-populous areas are characterized by low 
ionic concentrations (-4 EPM). low concentrations of sulphate and 
Chloride ions and high hcarbonate contcnr (Fig 3). Amorig tlic 
cationic concentrations, calcium ion prevails and followed by sodium 
ions. The hydrochemical composition reflects meteoric water genesis, 
where the ionic concentrations (EPM) of both potassium and sodium 
is greater than chloride r(K+Na)/rCl > 1. The hydrochemical 
parameters r(K+Na)- rCl/rS04 <I  and r(K+Na)- rClirS04 > 1 reflects 
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the presence of Na2 SO4 and Na HC03 water types. Two assemblages 
of salt combinations are found (Table 2), these are: 
Kcl, NaCI, Na2 SO4, Mg SO4, Mg(HC03)2 or Ca SO4 and Ca(HC03)2 
Kcl, NaCI, Na2 Sod, Na HC03, Mg(HC03)2 and Ca(HC03)2 

Major ions 
Groundwater is found to be fresh, where TDS <I000 PPM 

(Table 1) exceptionally some wells (6, 9,ll). However, undesirable 
levels of Chloride and Sulphate ions were above the recommended 
levels (250 PPM) given by WHO, (1984). Figure (4) show a general 
increase in Chloride with increasing in Sulphate concentrations up to 2 
and 3.5 EPM, respectively, although there is a notable amount of 
scatter around the trend. Increases in concentrations within these 
ranges potentially represent changes due to geochemical reactions 
occurring along the flow path. The groundwater samples that lie 
significantly off the trend represent a water composition that has been 
influenced by unique local effects. The chloride ion is a conservative 
parameter. The elevated chloride concentrations in the evolved water 
may be indicative of evaporative effects within local flow system 
controlled by local topography or mixing from higher chloride water. 
The elevated sulphate concentrations in groundwater are attributed to 
the oxidation of organic and inorganic sulphide in soil profile. 

The relative enrichment of calcium over other metals in 
groundwater from basement rocks has been attributed to the higher 
susceptibility of ca-bearing minerals to hydrolytic weathering 
processes (Acworth, 1987; Jons, 1985). 
Trace metals 

The results of trace element analyses of groundwater samples 
are presented in table (1). Generally, copper and zinc concentrations 
are below the recommended limits (<0.05 and 5 PPM, respectively) 
given by WHO, (1984). Lead concentrations in 9 water samples are 
higher than the WHO guideline of <0.1 PPM, these water samples are 
located within populous areas. The levels of manganese were found 
below the excessive limits(0.5) given by WHO, (1 984), exceptionally, 
higher concentrations are noted in two water samples(22&23) in 
Feiran oasis. 
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Nitrate 

Nitrate is generally the contaminant of most concern in urban 
areas. because of its widespread distribution and its adverse impact on 
groundwater resources. High nitrate concentrations in groundwater in 
urban areas have been associated with widespread fertilizers usc and 
leaks from septic tanks (Appleyard and Bawden. 1957. Attwood and 
Barber, 1989 and Gerritse et al.. 1990). Nitrate originates in the 
subsurface through the microbial degradation of organic nitrogenous 
material including human and animal wastes as well as fertilizers and 
plant refuse (Taylor, R. G. and Howard, W. F., 1994). Nitrate-N 
concentrations in groundwater samples that located in urban areas are 
greater than 1 PPM and are probably associated with widespread 
fertilizer use on domestic gardens and seepage fi-om septic tanks. On 
the other hand, its content in groundwater in non-urban area is less 
than 1 PPM. Nitrate-N levels in water samples are lesser than the 
recommended limits (1 0 PPM) given by WHO, (1 984). 

BacterioZogicaZ studies 
Safe water is essential for good health of human. 

Contamination of groundwater with fecal material is common in areas 
with poor sanitation, therefore the determination of microbiological 
quality of water is essential. 

The Coliform group of bacteria and Escherichia Coli (E. Coli) in 
particular are one of the most frequently used indicators of bacterial 
contamination but are themselves harmless or non-pathogenic. E. Coli 
groupe are present in large numbers in the intestine and faces of 
animals. If E. Coli are present then it is possible that the less numerous 
pathogenic or harmful bacteria, are also present (Hamill and Bell, 
1986). Coliform bacteria may be persistent in groundwater and 
residence times up to 120 days have been recorded (Matthess, 1982). 
HoxIey and Dudding( 1 W4.l indicate that thc hacteria can travel more 
than 500 m fkom contamination source. The total bacterial counts will 
indicate a change in the condition of water source, but it  does not 
differentiate between harmless and potentially dangerous bacteria 
(Geldreich, 1971). The results in table (1) show that only 1 1 wells are 
free of total Coliform, these wells are located outside the populated 
areas. The other wells showed varied densities of total The 
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recommended limits given by WHO, (1984) were 10 MPN1100 ml. E. 
Coli type was found in 15 of examined water samples '(Table I), this 
type should not be present in drinking water (WHO, 1984). The 
presence of such bacteria affirms the presence of fecal pollution. 
Accordingly, the groundwater in populous areas should chemically 
treat before drinking. 

Conclusions 
Environmental impacts include both human activities and 

natural phenomena, but human activities could impair groundwater 
quality and contribute to maximum damage through over-exploitation 
and irrational use. Urban development can radically change the 
distribution of groundwater recharge. New sources of recharge are 
developed, including septic tanks and intensive irrigation of domestic 
gardens. The quantity of recharge depends up on the density of urban 
development, and the amount of water imported from external sources 
for example the groundwater is imported from El Watia well to 
Katherine city. The increases in depths to water of both Zitona and El 
Watia wells indicate that the aquifer is subjected to a continuous 
intensive exploitation. . 

The hydrochemical compositions of water samples collected 
fiom the populous areas are characterized by high ionic 
concentrations, dominance of chloride and sulphate ions and low 
bicarbonate content. However, undesirable levels of Chloride and 
Sulphate ions were above the recommended levels. The elevated 
chloride concentrations in water may be indicative of mixing from 
higher chloride water, while elevated sulphate concentrations are 
attributed to the oxidation of organic and inorganic sulphide in soil 
profile. The hydrochemical compositions indicate the mixing 
processes of meteoric water with sewage water, where r(K+Na)/rCl 
<1. The hydrochemical parameter reflects the presence of Mg C12 and 
Ca C12 water types, both characterize marine water genesis. On the 
other hand, the hydrochemical compositions of groundwater samples 
collected from non-populous areas are characterized by low ionic 
concentrations, low concentrations of sulphate and chloride ions and 
high bicarbonate content. The hydrochemical composition reflects 
meteoric water genesis, where r(K+Na)/rCI >1. The hydrochemical 
parameters reflect the presence of Na2 SO4 and Na HC03 water types 
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of meteoric origin. Nitrate4 concentrations are significantly higher in 
urban area (>1 PPM) than the non-urban sites, this is attributed to the 
microbial degradation of organic nitrogenous material including 
human and animal wastes as well as fertilizers used in domestic 
gardens. High concentrations of trace metals are noted in groundwater 
at dense populated areas. The results of bacterioIogica1 analyses show 
that only 1 1 wells are free of total Coliform and E. Coli type, these 
wells are located outside the populated areas. These types of bacteria 
should not be present in drinking water (WHO, 1984). The presence of 
such bacteria affirms the presence of faecal pollution. 

Recommendations 
1 -Reduction of groundwater withdrawal is recommended to avoid the 
deficit in water supply and deterioration in water quality. 
2-The groundwater in populous areas should chemically treat before 
drinking. 
3-Human activities in the recharge area should be compatible with 
maintaining good groundwater quality. Protection of aquifer must 
include monitoring sewage throughout recharge area. 
4-Most wells are situated between houses, not sealed and opened to 
faecal and other contamination from varieties of sources, therefore 
careful well location is recommended. 
5- Introducing restrictions on the use of fertilizer in aquifer recharge 
area. 
6-The sealing of all unused and unprotected wells is a priority to 
prevent continued contamination of groundwater. 
7 -Construction of proper sewer system is a must. 
8-It is vital that a groundwater quality monitoring program be 
established as a matter of priority. 

9-Control of land use changes (urbanization and population extension! 
within the catchement area. 
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Figure ( 2 ) Geologic map of the studied area. ( After Conoco, 1987) 
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Table(2) Hypothetical salt combinations and hydrochemical parameters of groundwater 

r means equivalent per million 


