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Abstract: Quality of water is an important criterion for evaluating the suitability of water for drinking and
irrigation. The groundwater samples were collected and subjected for a comprehensive physico–chemical and
bacteriological analysis. The following many parameters have been considered viz. pH, electrical conductivity
(EC), total dissolved solids (TDS), total hardness, turbidity (NTU), nitrate (NO ), ammonia (NH ), cadmium (Cd),3 4

manganese (Mn), iron (Fe), boron (B), lead (Pb), total viable bacterial counts at 22°C and 37°C (TVBC), total
coliforms (TC), fecal coliforms (FC), fecal streptococci (FS) as well as Pseudomonas sp. On comparing the
results against drinking quality standards laid by Egyptian Standard and World Health Organization, it was
found that some of the water quality parameters were above the permissible limit and some were not. Moreover,
this study may help other regions in understanding the potential threats to their groundwater resources.

Key  words: Physico-chemical parameters  Water characteristics  Groundwater analysis Groundwater
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INTRODUCTION absorb, adsorb or suspend many different  compounds

Water is one of the most important elements for all contaminants from its surrounding and those arising from
forms of life and is indispensable in the maintenance of humans and animals as well as other biological activities
life on earth and essential for the composition and renewal [6].
of cells. Water represents 70% of our body, participates One of the most important factors of water pollution
in composition of our tissues and transports the most is the microbial contamination; especially enteric
diverse substances throughout our organs. Not with pathogens [7]. Land use patterns, vegetative cover,
standing, human beings increasingly continue to pollute topography, soil and geological characteristics may all
the reserves which still remain, provoking illnesses that affect bacterial transport and contamination of
can jeopardize the population [1]. In Egypt, the ground groundwater [8]. The pollution was reached to the ground
water is considered of the most important of water source water recharge throw wastewater application to land or
for human's uses. Thus, the ground water is considered as through direct injection appears to attractive alternative
a secondary source to irrigate some agricultural areas in to  other  methods  of disposing of domestic wastewater
desert regions and as an essential source for some [9, 10, 11].
cultivated lands to which the Nile water is not reachable. Some authors, Pedley and Howard [12] and Reid et al.
In many parts  of  Egypt,   the   ground   water   is   widely [13] reported that microbiological and physico-chemical
used for drinking and other domestic purposes [2, 3, 4]. parameters are represents about the contamination of
Water has unique Chemical properties due to its polarity ground water. The main source of microbiological
and hydrogen bonds which means it is able to dissolve, contamination  are  microorganisms  from human or animal

[5], thus in nature, water is not pure as it acquires
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excreta, which contaminate ground water from wastewater, Nile represent the major sources of pollution for ground
landfills, or wastewater treatment stations, causing water. Moreover, there are also widespread problems of
serious health problems, [10,14, 15]. Detection of bacterial iron, manganese, nitrate and fecal coliform bacteria in the
indicators in ground water signifies the presence of groundwater used for drinking water supply [33].
pathogenic organisms [16, 17]. In addition, these means A ground water quality monitoring system should be
indicated the fecal pollution [18] and source of water- established for early detection of ground water
borne diseases [19, 20]. These features make them not contamination. Thus, this investigation highlights on the
only excellent indicators of faecal contamination but also qualitative of ground water problems related to drinking
indicators of the presence of viruses and bacteria. For water supply through evaluation the bacteriological and
example: Pseudomonas aeruginosa is the bacterial physic-chemical parameters of groundwater at Sinai
species with the widest range of habitats; it lives and (Gabal Lebna area), Egypt.
proliferates as a saprophyte in water and humid soils. Its
presence is generally abundant in wastewater [21], but it MATERIALS AND METHODS
is not a specific indicator of recent faecal contamination.
Some studies, Bitton et al. [9] and McFeters et al.[22] Study Area: Study area is namely Gabal Lebna wells at
reported that Pseudomonas aeruginosa as pathogenic middle of Sinai, Egypt. It is located between 30" 48' 33° to
bacteria, opportonostic microorganisms may survive for 30" 50' 33° east and 41' 30° to 42' 33° north from about 65
several weekes in ground water in different condition. kilometer from the south of EL- Arish city at the north of

On contrary, Grisey et al. [23] reported that total North Sinai governorate. It is nearest from the of south
coliforms, E. coli, Enterococci spp, Pseudomonas western corner of Gabal Lebna and North West from El-
aeruginosa, Salmonella spp. and Staphylococcus  aureus Gabal El-Halal. Also, it is at the road of El-Ismailia to El-
were survived for 15 months in groundwater. Moreover, Ouga from the point (161) to the El-Ghardaga village and
Hardalo and Edberg [24] and Devictorica and Galván [25] Abu Agheila and from about 7 kilo meter from east point
dominstreated that when Pseudomonas aeruginosa (161) of the road of EL-Ismailia to EL-Ouga and about 14
present in drinking water, the main route of infection is by kilo meter from the east of Baghdad village.
exposure of susceptible tissue, notably wounds and
mucous membranes, from contaminated water. In addition, Sample Collection: Monthly, three sites of water samples
most of the gastrointestinal infections that may be were collected from Gabal Lebna area, Sinai, Egypt during
transmitted through drinking water are transmitted via 2014 (Fig. 1). First site, 108 samples were collected from 9
fecal–oral pathway [26]. Hence, the effect of wells. The second, 12 samples were collected from a store
improvements in the quality of groundwater was felt on water collected tank which filling from 9 groundwater (S )
the combat against endemic diseases such  as  typhoid previous mention. The third site, 24 samples collected
and  cholera  in  adults  and  diarrhea   in  children [27]. from treated water divided to one from tap directly after
The widespread use of the different agrochemicals treatment (S ) (12 samples) and another after one kilometer
(fertilizers and pesticides) for agricultures due to from  tap  of  distribution   network   (S )   (12 samples).
increased use of nitrogen and phosphorus fertilizes after The samples were  collected  in  1  liter  sterile  bottle
the construction is considered a main source of pollution brown glass and transferred to the lab in ice box during 6
for ground water [28, 29]. Nitrate is a mobile and stable hours according to APHA, [34]. Sodium thiosulphate
solute  in  many  shallow aerobic groundwater systems crystal was added to chlorinated samples (0.18g %.) for
[30, 31]. Furthermore, in the Tahta region of the Nile Valley removal the chlorine [34]. Immediately, the samples were
Aquifer, Egypt, in the future increased the chemical examined for bacteriological and physico-chemical
pollution (Nitrogen and phosphorus) in ground water parameters.
from the growing demand for used chemical fertilizers and
wastewater irrigation in agricultures [32]. Moreover Bacterial Examination: Total bacterial counts at 22°C and
excessive levels of nitrate in drinking water may cause 37°C, were counted by  using  poured  plate  method,
serious illness and sometimes death. Furthermore, nitrate while total coliform, fecal coliform and fecal streptococci
is used by microorganisms as food resources [16]. group  as  well  as Pseudomonas sp were used MPN
Discharging industrial and domestic wastewater, return (Most Probable Number) methods according to APHA,
drainage of irrigated water and flash flood into the River [34] for drinking water samples.

1
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3
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Fig. 1: The study area wells at middle of Sinai, Egypt (north of Gobal El-Halal and south of Gabal Lebna)

Table 1: Methods used for estimation of physico- chemical parameters.
No. Parameters and units Method
1 pH pH metry (Elico Make)
2 EC Conductometry (Elico)
3 Calcium(mg/l) EDTA titration
4 Magnesium(mg/l) EDTA titration
5 Sodium Falme photometer
6 Potassium Falme photometer
7 Chloride (mg/l) Silver Nitrate titration
8 Carbonate mg/l Hydrochloric acid titration
9 Sulphate Turbidimetric Method (Elico)
10 Nitrate and Ammonia Phenol disulphonic acid method
11 Turbidity (NTU) Turbidity metry
12 Total hardness (mg/l) EDTA titration
13 Heavy metals Flame Atomic Absorption Spectrophotometer (GCB Avanta Make)

Physico-Chemical Analysis: The samples were analyzed RESULTS AND DISCUSSION
for different water quality parameters such as, pH, total
dissolved salts (TDS), Electrical conductivity (Ec), soluble Chemical pollution is a type of water contamination;
cation and anion, heavy metals (Fe, Mn, B, Pb and Cd), it could be organic or inorganic. Organic chemicals
nitrate, ammonia, turbidity and total hardness were include leachate (e.g. from solid waste), synthetic organic
determined   according    to    standards   procedures compounds and chlorinated compounds like
described in NEERI [35]. The methods used for estimation Trihalomethans (THM), which are associated with
of various physico -chemical parameters are tabulated in poisoning, cancer, liver, kidney and central nervous
Table 1. system problems. Inorganic compounds, on the other

Statistical  Analysis:   Statistical   analysis   was Cd, Ba, Hg, Mo, Pb and B). Many diseases are associated
performed   as    for    two     factorial   randomized with these elements including, poisoning, cancer,
complete block design according to Gomez and Gomez hypertension and infantile cyanosis. The later is
[36]. associated with nitrate toxicity [20].

hand, consist of substances resulting from Industry (e.g.
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Table 2: Physico-chemical characteristics of groundwater samples collected from 12 sites during 2014 in Sinai, Egypt
After one

Wells before treatments Pre- After treatment kilometer
--------------------------------------------------------------------------------------------------------- treatment directly treatment Egyptian

Parameters 1 2 3 4 5 6 7 8 9 S S S standard1 2 3

pH 7.30 7.2 7.2 7.5 7.7 8.3 7.4 8.8 7.6 7.6 7.1 7.0 6.5-8.5
EC dS/cm 6.33 9.21 3.63 7.03 5.67 6.17 4.42 15.85 4.33 6.77 0.28 0.52 1.4
TDS ppm 4051.2 5894.4 2323.2 4499.2 3628.8 3948.8 2828.8 10144 2771.2 4332.8 179.2 332.8 1000
Odor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ND
Color 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ND
Turbidity 1.9 1.5 1.0 1.7 2.5 3.6 1.6 4.5 1.4 2.3 0.00 0.5 1 NTU
T.Hardness 1070 2910 320 1280 560 645 355 4810 340 1245 10 15 500
NH (ppm) 0.49 3.92 0.49 7.84 0.00 0.00 1.47 13.23 2.45 0.98 0.00 3.92 0.54

NO  (ppm) 5.39 4.41 6.86 12.74 25.48 10.78 13.23 17.15 21.07 17.15 7.35 17.64 453

Fe (ppm) 0.095 0.014 0.034 0.027 0.012 0.025 0.059 0.010 0.011 0.00 0.006 0.007 0.3
Mn (ppm) 0.192 0.141 0.056 0.106 0.078 0.025 0.038 0.184 0.021 0.016 0.017 0.019 0.05
where:
EGS = Egyptian Standard (2007), pH Acidity & Alkalinity, EC = Electric Conductivity, TDS = Total dissolved salt, S = Collected storage water tank =

1

before treatment, S  = Collected storage water tank after treatment, S  = Tap water from distributed systems.2 3

Physico-Chemical Characteristics of Groundwater recorded that during 2010 in Mexico; the mean value of
Samples: All the collected groundwater samples were turbidity of 60 samples taken from 5 wells was under
mainly from 9 wells and pre-treatment (S ), after treatment maximum permissible limits (0.23 to 0.52 NTU) according1

directly (S ) and after a distance  of  one  square  kilometer to WHO [41]. However, Mostafa et al. [11] recorded2

treatment (S ). The physic- chemical parameters are variations in the turbidity values (from zero to 19.9 NTU)3

tabulated  along  with  the  standard  values  in Table 2. from  17  wells  water  samples  of  ground water at Giza
All the groundwater samples were colorless, clear and (El-Rhawy 10 samples and Manshiat Radwan 7 samples)
odorless indicating the absence of colloidal substances, Governorate, Egypt. The pH is a measure of the hydrogen
suspended and decomposed vegetation. Temperature is ion concentration in water and indicates whether the
basically important for the chemical and biological water is acidic or alkaline. The measurement of alkalinity
reactions  of   organisms   in   water.  The  increase in and acidity of pH is required to determine the
temperature decreases the portability of water because at corrosiveness of the water. The standard values of pH for
elevated temperature carbon dioxide and other volatile drinking water by BIS is between 6.5 -8.5 while, WHO [37]
gases which impart taste are expelled. The results as is between 7.0-8.5. The pH value for drinking water is
presented in Table 2 shows that groundwater from limited from 5.5 to 8.5 and for effluent discharge it is
different locations were moderately alkaline (pH 7.0–8.8 ) between 5.5 and 9 as per IS: 2490 and CPCB. High value of
and within the permissible limit (pH 6.5-8.5) of drinking pH may results due to waste discharge, microbial
water standards of WHO [37]. decomposition of organic matter in the water [42]. In the

The results obtained from analysis of 9 Wells, pre- present study all samples were conformity (except Well 8)
treatment (S ), after treatment directly (S ) and after a according  to  recommendation  of  Egyptian  Standard1 2

distance of one square kilometer treatment (S ) [38] for drinking water for pH test (Table 2). These results3

groundwater samples are given in Table 2. The turbidity are  in   agreement   with   those  obtained  by Abdel-
values were ranged from 0.5 to 4.5 Nephelometric Azeem et al  [43],   who   found   that   all   water  Wells
Turbidity Unit (NTU) at all groundwater samples except (19) except Well El-Kharaza from 95 samples in Saint
wells No. 3, S  and S , turbidity values were 1.0, 0.0 and 0.5 Katherine  protectorate,  South   Sinai   Governorate,2 3

NTU respectively as illustrated in (Table 2). All Egypt, was accepted (pH 6.5–8.5) according to
groundwater samples showed higher turbidity values recommendation of Egyptian Standard [38]. Also, Mostafa
more than the permissible limits for Egyptian Standard [38] et al. [11] found that low value of pH was 7.25, while high
for drinking water (>1 NTU), except wells No. 3, S  and S value was 7.79 from 17 samples of ground water at Giza2 3

were within the permissible limits (<1 NTU).These results (El-Rhawy 10 samples and Manshiat Radwan 7 samples)
were higher than El-Senousy et al. [39], who reported that Governorate, Egypt. El-Senousy et al. [39] reported that
the mean value of turbidity was 0.3 NTU from ground the mean value of pHwas 7.25 from ground water samples
water samples which collected from different sites at which collected from different sites at Sohag Governorate,
Sohag Governorate, Egypt. Also, Ramirez et al. [40] Egypt.
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Total dissolved solids (TDS) and Hardness: 0.98  and  3.92ppm,  respectively (Table 2). Abdel-Azeem
Hardness is the property of water which prevents the et al. [43] recorded that ammonia level were within the
lather formation with soap and increases the boiling acceptable levels in all 19 water wells at Saint Katherine
points of water. Total dissolved salt (ppm) for all samples protectorate, South Sinai Governorate, Egypt (4 water
(except S  and S  samples showed low TDS) were not wells ranged from 0.090 to 0.258 ppm while the others 152 3

accepted (Table 2) where the averages values were more water wells ammonia not detected). During 2010 in
than the permissible Egyptian Standard [38]. These results Mexico, among 60 samples taken from 5 wells ammonia
are in agreement with those reported by Abdalla et al. level were below the permissible limits [40]. In addition,
[44], who observed the averages values from 30 Mostafa et al. [11] noticed that all samples from 17 wells
groundwater samples at Qena Governorate, Egypt were of ground water from Giza (El-Rhawy 10 samples and
1842.93 ppm, while other 12 samples were accepted Manshiat Radwan 7 samples) Governorate, Egypt were
according to Egyptian Standard [38]. On the other hand, not accepted for ammonia levels (ranged from 0.80 to 1.86
Abdel-Azeem et al. [43] found that all 95 samples of ppm) according to Egyptian Standard [38] for drinking
ground water (19 wells) at Saint Katherine protectorate, water while well No. 15 accepted (0.3 ppm). 
South Sinai Governorate, Egypt, were lower than the Egyptian Standard [38] recommended that the
permissible limits (1000 ppm) for [37, 38]. Also, Mostafa1 values of Fe, Cd and NO  were lower than the permissible
et al. [11] found that all samples from 17 wells of ground limits 0.3, 0.003 and 45ppm, respectively. Table 2 showed
water from Giza (El-Rhawy 10 samples and Manshiat that the values of Fe, Cd and NO  were safe for human
Radwan 7 samples) Governorate, Egypt were accepted activity. In this investigation the concentrations of iron
according to Egyptian Standard for drinking water [38]. showed wide variation among all locations examined
Hardness although have no health effects it can make which ranged between 0.00 and 0.095 ppm (Table 2).
water unsuitable for domestic and industrial use [45]. Abdul Jameel et al. [49] investigated the iron content of
Total hardness of bore well water under the area the groundwater sample in the monsoon which revealed
determined in   the   present   investigation  ranged  from maximum value at S and minimum value at S of 0.46 ppm
10 to 4810 ppm. Similarly the minimum and maximum 0.12 ppm respectively. While, Janardhana Rao et al. [50]
values  of  total  hardness  recorded were 259 and 658 reported that  the  concentrations  of  iron  among  six
ppm, respectively, [46]. Pandey and Tiwari [47] reported ground water stations of Vuyyuru, Part of East Coast of
that total dissolved solids values ranged from 145-245 India investigated  ranged  between  0.160   and   0.560
ppm. ppm. The concentrations of Manganese (Mn) as

Conductivity is ability of water to carry an illustrated in (Table 2) ranged from 0.016 to 0.192 ppm.
electrical current. This ability mainly depends on presence Manganese averages values recorded high values for
of anion and cations in water and also depends on Well 1, Well 2, Well 3, Well 4, Well 5 and Well 8 (0.192,
mobility, valence of ions and temperature. High electrical 0.141, 0.056, 0.106, 0.078 and 0.184ppm, respectively).
conductivity affected the germination of crops and it may While, the others sites recorded low values. These results
result in much reduced yield [48]. Higher the ionizable were not accepted with values recommended by Egyptian
solids, greater will be the EC. The WHO permissible limit Standard (0.050 ppm). Also, results are mismatched with
for EC in water is 600 S/cm. In the present study the Abdel-Azeem et al [43], who found that from 95 samples
samples 1, 2, 3, 4, 5, 6, 7, 8, 9 and S  showed increasing in which collected from 19 wells at Saint Katherine1

electrical conductivity except S  and S  when compared to protectorate, South Sinai Governorate, Egypt, 85 samples2 3

the permissible limit of Egyptian Standard for drinking were within the permissible limits (less than 0.050 ppm)
water ( 1.4 dS/m) (Table 2). These results are in while the others 10 samples refused according to Egyptian
agreement with those obtained by Abdel-Azeem et al [43]. Standard [38] and WHO [41]. On the other hand, Osman
This due to increase TDS in water samples [17, 34]. NH et al. [10] reported a minimum values (39 ppm) and4

value in some sites was agreement with Egyptian maximum values (65 ppm) in 24 samples of ground water
Standard (  0.50 ppm) where value recorded being 0.23 for from 12 wells at Sohag Governorate, Egypt. However,
well 8, 0.49 ppm for well 1 and Well 3, as well as zero ppm Zahir and Mohamed [51] recorded that the values of
for Well 5, Well 6 and S . On the other hand, samples sites manganese were ranged from 0.01 to 0.08 ppm. These2

were not accepted for Well 2, Well 4, Well 7, Well 8, Well results may be due to the human activities [16] as well as
9, S1 and S  which recorded 3.92, 7.84, 1.47, 13.23, 2.45, reached some waste to the Well.3

3

3
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Table 3: Concentration of some heavy metals (ppm) of groundwater collected from 2 sites during 2014 in Sinai, Egypt

After one
Wells before treatments Pre- After treatment kilometer
------------------------------------------------------------------------------------------------------------- treatment directly treatment Egyptian

Parameters 1 2 3 4 5 6 7 8 9 S S S standard1 2 3

Na 882 1750 572 885 640 925 515 3640 575 770 90 95 200
Fe 0.095 0.014 0.034 0.027 0.012 0.025 0.059 0.010 0.011 0.00 0.006 0.007 0.3
Mn 0.192 0.141 0.056 0.106 0.078 0.025 0.038 0.184 0.021 0.016 0.017 0.019 0.05
B 0.501 1.052 0.504 0.529 2.550 0.530 0.430 2.642 0.414 0.585 0.272 0.280 0.5
Pb 0.00 0.00 0.002 0.007 0.00 0.007 0.006 0.004 0.00 0.00 0.00 0.00 0.01
Cd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.003

Table 4: The log n average count of classical bacterial indicators and Pseudomonas sp as pathogenic in ground water samples collected from 12 sites during
2014 in Sinai, Egypt

Log average cell unites/100ml

TVBC at: Bacterial indicators and Pseudomonas sp (MPN-index /100 ml)
---------------------------- --------------------------------------------------------------------------------------------------------------------------

Locations 22°C 37°C Total coliform Fecal coliform Fecal streptococci Pseudomonas SP

EGS 1.5 1.5 ND ND ND ND
Well 1 4.3 4.4 1.3 ND 1.2 1.1
Well 2 4.4 4.6 2.2 ND 1.2 1.2
Well 3 4.2 4.2 ND ND ND ND
Well 4 4.1 4.1 1.2 ND 1.2 1.2
Well 5 3.4 3.6 ND ND ND ND
Well 6 3.4 3.5 ND ND ND ND
Well 7 3.2 3.2 ND ND ND ND
Well 8 4.2 4.3 ND ND ND ND
Well 9 3.4 3.4 ND ND ND ND
S1 4.2 4.2 ND ND 1.2 1.2
S2 3.2 3.2 ND ND 1.2 ND
S3 4.1 4.2 ND ND 1.2 1.2

Notes:
EGS = Egyptian standard (2007), TVBC= Total viable bacterial counts, ND=Not detected S  = Collected storage water tank before treatment, S  = Collected1 2

storage water tank after treatment, S  = Tap water from distributed systems3

On the other hand, the concentrations of Cadmium properly treated. So, it is necessary to shed light on
among all  locations  examined  recorded  0.00  mg/L attention, especially wells water which used in the
(Table 3). These results were lower than Janardhana Rao different purposes to maintain public health. In addition,
et al. [50], who mentioned that the concentrations of action treatment devices for water maintenance, as well as
cadmium of all the ground water stations were ranged the distribution network.
from 0.01 to 0.08 mg/L. Finally, the concentrations of lead
were 0.00ppm. This record was less than the permissible Bacteriological Characteristics of Groundwater
limits. Shrivastava and Mishra [52] recorded the lead Samples: Bacteria are one of the most common pollutants
concentration between 0.006 to  0.110  ppm  and  0.003 to threatening the health of the nation’s water resources
0.060ppm in surface water and in ground water samples, [54]. The occurrence of pathogens bacteria in
respectively. Physio-chemical analysis of the samples groundwater and surface water sources depends on a
under investigation revealed that samples which collected number of factors, including intrinsic physical and
from storage water tank after treatment (S ) and After a chemical characteristics of the catchment's area and the2

distance of one square kilometer treatment (S ) were magnitude and range of human activities as well as animal3

conformity according to Egyptian Standard [38] and WHO sources that release pathogens to the environment [55].
[53] recommendations for drinking water. Groundwater in In this investigation, results of total bacterial counts at
this area cannot be considered safe for drinking unless 22°C and 37°C of ground water were expressed as an
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average log numbers/100ml as presented in Table 4. agreement with those reported by Ali [59], who found that
Generally, little variation in the log average number range some ground water of Sohag governorate, Egypt contain
of total bacterial count (CFU/100 ml) at 22°C and 37°C was about log 2.7 cfu/100ml of total coliform. The author
noticed in the tested all samples. Total log average pointed to the role of the close Wastewater station on the
bacterial counts at 22°C range from 3.2 to 4.4 with average bacterial contamination of ground water samples. Also,
3.8 CFU/100ml. While at 37°C, it ranges from 4.6 to 3.2 with Abdalla et al. [44] presented E. coli in Qena area, Upper
average 3.9 CFU/100ml. The higher average log numbers Egypt in 10 from 30 ground water samples in several Wells
of the total bacterial count at 22°C and 37°C incubation water. In the same line Abdel-Azeem et al. [43] detected
were recorded in Well 2, while the lower is recorded for total coliforms in all Wells water samples (95 samples)
Well 7 and S .Results in this study are not accepted with from 19 Wells was around 10  CFU/100ml except No. 182

Usharani et al. [15] in Perur city, India, counted in 9 Wells, (Wadi Sedod 2) in Saint Katherine protectorate, North
the log total viable bacterial were higher than our Sinai governorate, Egypt. Also, in this study accepted
investigation where recorded 10 CFU/100ml. On the other with Mostafa et al. [11] where recorded in10 Wells ranged5

hand, results are in agreement with those obtained by total coliforms being from 3 to 30 CFU/100ml and not
Osman et al. [10], who observed in ground water samples detected in 8 Wells water samples at Giza (El-Rhawy and
(24 sample) from 12 wells in Sohag, Governorate, Egypt, Manshiat Radwan) Governorate, Egypt. In addition, Hazaa
total viable count recorded high values 10  but low 10 et al. [56] determined total coliforms of some Wells in4 3

CFU/100ml for both 22°C and 37°C. Also, results in this Sheblanga, Assiut governorate, Egypt; they found that in
respect similarly with Mostafa et al. [11], who found that all groundwater samples recorded 5.1 MPN/100ml.
log range count were from 10  to 10 CFU/100ml of total Moreover, data shows, fecal coliform are not detected in2 4

viable bacterial with average 10 CFU/100ml for both 37°C all groundwater samples collected from different sites3

and 22°C incubations from 17 samples of ground water tested (Table 4). These results are in agreement with
samples collected from Giza (El-Rhawy 10 samples and Usharani et al., [15] who noticed, in Perur, India all
Manshiat Radwan 7 samples) Governorate, Egypt. Results samples (9 samples were from 9 Wells), coliforms were
of TVBC are in agreement with those obtained by Hazaa free. Also, Osman et al. [10] obtained free coliforms in all
et al. [56], where estimated the log of total viable bacterial ground water samples collected (24 samples were from 12
count being 10 at 37°C and 22°C in Sheblanga well wells) from Sohag Governorate, Egypt. On the other hand3

ground water (Assiut Governorate) Egypt. data of fecal coliform is contrary with Mostafa et al. [11]
With regard to range values indicates that the ground who observed fecal coliforms in 10 of 17 wells with ranged

water may be containing some pathogenic 2 to 13 CFU/100ml in Giza Governorate, Egypt. Also,
microorganisms [26, 38]. Moreover, Well 2 located in results are vice versa with Hazaa et al. [56], who counted
highly residential area and near cultivated area. Also,  it is fecal coliforms (2.2 MPN-Index/100ml) in some wells at
may be due to the influence of sewage and agricultural Sheblanga, Assiut governorate, Egypt.
activities, throw the pore soil to the Well [57]. Where, The presence of coliforms organisms in water samples
Well 2 represent a small agricultural irrigation receiving may be due to the role of soil where, bacteria are naturally
and amount of municipal wastewater [58]. While the filtered out by soil and rock [55]. Also, Grisey et al. [23]
lowest value at 37°C and 22°C (log average 3.2 reported that source of fecal bacteria which appeared to
CFU/100ml) were in Well 7 because located in desert area. be able to survive in the schist substrate and may be
Moreover, the presence of fecal coliforms indicates the considered as good markers of recent fecal contamination.
presence of fecal material from warm-blooded animals and Ground water of this study area contains available
the presence of pathogenic microorganisms in water [41]. average log count of fecal streptococcus bacteria
Also, fecal coliforms are used for the fecal pollution and recorded 1.2 MPN-index/100 ml at sites Well 1, Well 2,
water quality deterioration in freshwater [34]. Well 4, S  and S  (Table 4). Generally, it is average fixed

Data of total coliforms of water samples from different values in positive result samples. While the other sites
sites tested are shown in Table 4. Results showed that tested was free fecal streptococcus. These results are
total coliforms group is present in some wells water online with Chitanand et al. [60] who regarded in summer
samples. Total coliforms average log number was season from 10 Wells, 5 of them fecal streptococci
estimated 1.3, 2.2 and 1.2 MPN-index/100  ml  for  Well 1, recorded range from 1 to 9 CFU/100ml, while in winter
Well 2 and Well 4, respectively. While coliforms in other season detected in 8 wells with rang from 2 to 84 CFU/100
sites tested were not detected. These results are ml in Nanded  city,  India.  Also,  Mostafa  et  al.  [11]

5
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observed fecal streptococci in 10 of 17 wells with ranged from wells were not suitable for drinking and human
from 1 to 18 CFU/100ml in Giza Governorate, Egypt. On the consumption. This may be attributed to the nearest of
other hand, results in this investigation are contrary with these wells from wastewater, fertilizers and the nature of
Osman et al.[10] and Usharani et al. [15], who noticed, the soil which may play a role in transferring of some
those results obtained free streptococci in all groundwater chemicals and bacteria to the groundwater. Groundwater
samples collected in Perur, India and Sohag Governorate, is thought to be free of microbial contamination due to the
Egypt, respectively. Data of bacteriological test in this natural filtering ability of the subsurface environment. To
study may be due to the role of soil where, bacteria are minimize the impact of groundwater pollution on human
naturally filtered out by soil and rock [55]. With regarding health at middle Sinai desert, Egypt the following criteria
to the additional bacterial indicators used for tested water should be put in the consideration:
samples, data given in Table 4 revealed that some sites of
water contained Pseudomonas sp. The lowest log average Urgent studies should be carried out on its quality as
values (1.1 MPN index-100 ml) was noticed in Well 2 while soon as possible along with an extensive survey. It is
the highest (1.2 MPN index-100 ml) was recorded in Well highly recommended to carry out bacteriological
1, Well 4, S  and S . This phenomenon may be due to can examination frequently and regularly for the water1 3

it survived and grow in low nutrient of aquatic entering  the  distribution  system  and the water in
environments [61, 62, 63]. Whereas, Favero et al. [64] the  distribution  system  for  controlling  the
observed that Pseudomonas aeruginosa was able to grow hygienic quality of the water supply. Moreover,
in distilled water. In  addition, in   this   investigation, the frequent examinations are essential for hygienic
results showed that, may be the present Pseudomonas control.
aeruginosa in S and S  due to the biofilms in distributed Groundwater must be controlled or completely1 3

systems. Some studies, Banning et al. [65] and Abd El eliminated by using the modified model of water
Galil et al. [66] reported that the biofilms in tubes of purification unit established by Community and
distribution system are suitable medium for regrowth of Environmental Services.
microorganisms and recontamination drinking water by Good and proper environmental and personal
biofilms [26, 16]. These results are line with Grisey et al. hygiene must be maintained especially by the users
[23] in northwestern of France, detected and enumerated of these wells to prevent their contamination with
Pseudomonas sp. in ground water samples in some Wells bacterial pathogens. Wells should also be properly
with log average 1.3 until reached 3.0 CFU/100ml constructed.
especially rainfall seasons. On the other hand, The best way to protect groundwater used for human
Pseudomonas sp. was free from other  sites  water samples or animal consumption involves proper location of
examined (Well 3, Well 5, Well 6, Well 7, Well 8, Well 9 the well, coupled with construction. All wells should
and S ). Results were agreement with Clinton et al. [67] be located at safe distances from sources of2

who selected, 30 wells from 20 communities Yenegoa contamination. However, because many factors affect
town, Nigeria, water samples demonstrated that 19 wells the movement of contaminants into groundwater, it is
were free from Pseudomonas sp while the others detected impractical to set a fixed distance between well
its (100-500 CFU/100m). location and contaminant source.

Generally, data of bacteriological in this respect
demonstrated that, groundwater samples are not accepted REFERENCES
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