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ABSTRACT 

 
Quaternary aquifer and water streams of Sohag, Egypt are currently under contamination stress due to 

agricultural and urbanization activities. In addition, wastewater represents a potential environmental hazard, 
where bacteriological pollution of water resources was occurred. In order to develop strategies to diminish or 
eliminate contamination in water resources, groundwater and surface water samples from Sohag were 
investigated  for the presence of indicator bacteria; heterotrophic plate count (HPC), total coliform (TC), fecal 
coliform (FC) and fecal streptococci (FS) repeatedly measured during October 2010 and June 2011. In addition 
to Fe, Mn, Zn, Cd and Pb were determined at the same times for biological measurements. TC, FC, and FS were 
found in all surface samples indicating the contamination of stream with human and animal fecal material. The 
cause of contamination could be linked to the easy access of domestic wastes to the streams. Generally, the 
quality of surface water was very poor as compared to groundwater in terms of microbial content, where 
groundwater is free from TC, FC, and FS. On the other hand both of surface and groundwater are contaminated 
with Cd and Pb. The soil provides a natural filtering action and adsorption site for the removal of bacteria. Also, 
Fe, Mn, Zn, Cd and Pb of water have a major influence on bacterial population content in surface water and 
show no discernible relationship with groundwater. 

 
Key words: Groundwater, Nile water, heavy metals, total bacterial count, total coliform, fecal coliform and fecal 

streptococci. 
 
Interduction 

 
Water is the elixir of life, a precious gift of nature to mankind and millions of other species living on the 

earth. It is fast becoming a scare commodity in most part of the world. Water resources comprising of surface 
water (river and lakes), groundwater, and marine and coastal waters support all living things including human 
beings. 

The primary concern of people living in developing countries throughout the world is that of obtaining 
clean water. In many places, this problem is made harder by the fact that many of the available water sources are 
un-potable without some forms of treatment (Joyce et al., 1996). Sewage pollution is a severe health risk to 
people that live near rivers and waterways. Direct discharge of domestic waste, leaking from poorly maintained 
septic water tanks and improper management of farm waste are suspected as the major source of waterborne 
diseases (Huttly, 1990). Quality of drinking water has been debated throughout the world (Leoni et al., 2005). 

The effluents of human activities are directly discharged into the Nile or through some agricultural drains 
which finally discharged their wastes into the Nile. Thus, the microbiological monitoring is one of the main 
objectives to protect the river Nile. Many studies were conducted to determine the microbiological profile of 
River Nile at different segments (Arvanitidau, et al, 1995 and Osman, et al. 2011). 

Groundwater is about one-hundred times more plentiful than surface water (Alley, 2003). Pure groundwater 
does not exist for any appreciable length of time in nature. Even while falling as rain, water picks up small 
amounts of gases, ions, dust, and particulate matter from the atmosphere. Then, as it flows over or through the 
surface layers of the earth, it dissolves and carries with it some of almost everything it touches, including that 
which is dumped into it by man. These added substances may include biological, chemical (both inorganic and 
organic), physical, and radiological impurities. Agriculture and wastewater from private septic systems are the 
two main anthropogenic sources of water contamination in rural areas. Groundwater may be contaminated by 
untreated wastewater, because very often a sewer system is not present and households dispose of their solid and 
liquid waste on-site. In some cases, the distance from pit latrine to abstraction well is small (<500 m) and there 
is then a real risk of abstracting pathogens (Foppen, 2002). Main contaminants include nitrates, pesticides and 
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fecal microorganisms (Bonton, et al., 2010). Groundwater contamination by pathogenic bacteria is more 
complex and local than chemical contamination, because a number of additional phenomena affect the transport 
and survival of bacteria in soils. Climatic factors, land use patterns, vegetative cover, topography, soil and 
geological characteristics may all affect bacterial transport and contamination of groundwater (Conboy & Goss, 
2000). 

Microbial contamination of drinking water is a major contributor to water-borne diseases like diarrhea, 
nausea, gastroenteritis, typhoid, dysentery and other health-related problems (PCRWR, 2005 and Shar et al., 
2008), especially in children and persons with weak immune systems (PCRWR, 2005). 

Natural water contains impurities of heavy metals as it dissolves these substances while moving downward 
as a hydrological cycle (Ilyas & Sarwar, 2003). In addition, these metals are introduced to both surface and 
groundwater through several human activities like large scale use of chemicals in agriculture and improper 
disposal of industrial and municipal wastes. Many of these metals are considered essential for human health 
(Midrar-Ul-Haq, et al., 2005) but upon overloading they cause water pollution and result in severe health 
problems in living organisms including humans. The study was conducted to findout the heavy metals 
concentration and bacteriological characteristics of surface and ground water quality of Sohag Governorate. 

 
Study Area: 

 
Sohag Governorate represents a part of the Nile Valley extending between latitude 26°5′58″ to 27°00′00″ N 

and longitude 31°10′38″ to 32°15′00″ E. The study area belongs to the arid region of North Africa which is 
generally characterized by hot summer and mild winter with low rainfall. The sedimentary sequence of the study 
area is mainly represented by the Lower Eocene limestone, Plio-Pleistocene sands, gravels and clay and the 
recent sediments (Butzer & Hansen, 1968; Said, 1981; Issawi, 1983; Paulissen &Vermeersch, 1987; Issawi & 
McCauley, 1992 and Omer, 1996).  

The hydrogeologic setting of the study area has been dealt with by many authors such as Attia, 1985; Attia, 
et al., 1986; Warner, et al., 1991; Farrag, 2005 and Farrag, 2011. Surface water hydrology of Sohag area is 
represented by the River Nile, irrigation canals and drains. 

The Quaternary aquifer system in the study area is represented by sediments of Qena and Kom Ombo 
Formations in the desert area. On the other hand, sediments of Ghawanim Formation, that contain abundant 
ferromagnesian minerals, form the main water-bearing layer beneath the cultivated flood plain (Omer, 2003). 
These water bearing layers are underlain by the Pliocene clay, Munieha Formation, which form the base of the 
aquifer in most localities of the studied area. The upper layer is the clay–silt member, which has low horizontal 
and vertical permeability. It functions as a semi-confining layer to the underlying aquifer. The clay–silt member 
is laterally extensive, having greater thickness near the river channel and vanishing near the valley fringes where 
it is overlain by desert sands (Abdel Moneim, 1999). 

The entire valley is mainly used for agricultural activities except for areas occupied by settlement. The 
edges of the valley on the east and west flanks are marked by new cultivated fringes. The forms of development 
in the area include land reclamation projects, new urban communities, industrial areas, wastewater disposal sites 
in the desert zone of the Nile Valley. Most of the industrial factories and units such as the Oil Hydrogenation, 
Onion drying, Pepsi Cola, Weaving and Textile, and Sugar factories discharge their liquid effluent, often 
without treatment, into the surface water bodies (the Nile, irrigation canals, and drains) either directly or 
indirectly using wastewater vans. Most of the waste includes both organic and inorganic pollutants (EEAA, 
1997). Groundwater flow in the study area is towards the River Nile. The groundwater in the study area is 
recharging the River Nile which acting as a natural drain (Ahmed, 2007). 

The main pollution source caused from municipal activities includes leakage from sewage system, septic 
tanks, and probable release of wastewater from wastewater disposal sites. The main pollutant products caused 
from these domestic activities are bacteria and heavy metals (EEAA, 1997 and Ali, 2005). 

 
Materials And Methods 

 
Two types of water samples, 8 samples from Nile water (R1-R8) and 24 samples from groundwater (G1-

G24) (average deep about 64 meters), were collected from different sites at Sohag Governorate during October 
2010 to June 2011 (Fig. 1). Water samples collection was carried out accordance to the Standard Methods for 
the Examination of Water and Wastewater (APHA, 2005). The samples were collected in 1 liter sterile bottle 
brown glass and transferred to the lab in ice box during 8 hours. 

Total bacterial counts (at 22ºC and 37ºC), total coliform, fecal coliform and fecal streptococci were counted 
using poured plate and MPN (Most Probable Number) methods according to APHA (2005) for water samples. 

The pH and temperature (T) were measured in the field by means of combined digital pH meter. The heavy 
metals were estimated by using Atomic Absorption Spectrometer Perkin Elmer AA 200) according to APHA 
(1998) standards. 
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Fig. 1: Location map of the study area showing the sampling sites.  
 

Results And Disussion 
 
Microbial Contaminants: 

 
Nile River, the most sacred and important source of water in Egypt, is regarded as the cradle of Egyptian 

civilization. Unfortunately, the quality of river water was deteriorated by the presence of human activities 
around the banks of The River. 

The results of classical bacterial indicators counts (total bacterial counts at 22 ºC and 37 ºC, total and fecal 
coliforms as well as fecal streptococci) were expressed as a log numbers in Table (1). 

 
Table 1: The average log of the viable count of the total bacterial load as well as classical bacterial indicators in the surface water samples  
              of Sohag Governorate, Egypt. 

Samples 
number 

Log number of cell forming unit (cfu) / 100 ml 
Total bacterial 
count at:- 

Bacterial indicators 
(MPN-index) 

22o C 37o C TC FC FS 
R1 3.6 3.7 1.7 1.4 1.4 
R2 3.5 3.6 1.4 1.4 1.4 
R3 3.1 3.6 2.2 1.7 1.6 
R4 3.8 4.1 3.1 1.9 1.9 

R5 2.4 2.6 1.3 1.3 1.3 
R6 2.8 3.2 2.1 1.7 1.6 
R7 3.5 3.9 2.9 1.4 1.4 
R8 3.7 4.1 2.4 1.9 1.9 
Average 3.3 3.6 2.1 1.7 1.5 

Notes:  TC: Total coliforms   FC: Faecal coliforms   FS: Faecal streptococci 
 

Total log bacterial counts at 22 ºC range from 2.4 to 3.8 with average 3.3 cfu/100ml. While at 37 ºC, it 
ranges from 2.6 to 4.1 with average 3.6 cfu/100ml. Generally, little variation in the log number range of total 
bacterial count (cfu / 100 ml) at 22 ºC and 37 ºC was noticed in the tested samples (Fig. 2). The higher average 
log numbers of the total bacterial count at 22 ºC, 3.8 cfu/100ml, is recorded at site R4. While, at 37 ºC two sites 
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(R4 and R8) are recorded high total bacterial count of 4.1 cfu/100ml for both sites. The lower average log 
numbers of the total bacterial count at 22 ºC and 37 ºC were 2.4 and 2.6 cfu/100ml, respectively at site R5. 
These data revealed a high incidence of bacterial load in the samples tested. This is due to the influence of 
sewage and agricultural activities. Where, R4 represent a small irrigation canal receiving high amount of 
municipal wastes and R8 represent a main agricultural drain (Sohag El-Raesia drain) (Bonton, et al., 2010). 
These results are lower than that obtained by Osman, et al. (2011) at Great Cairo segment of River Nile, who 
obtained 5.2 and 5.5 cfu/100ml of total log bacterial counts at 22 ºC and 37 ºC, respectively. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: The log count of classical bacterial indicators in the studied surface water samples of Sohag area, Egypt. 
 
On the other hand, the results showed that the bacterial count in groundwater is lower than surface water. 

Groundwater in this area has a special significance where it is the second source used for agricultural, domestic, 
and industrial purposes. The result showed little variations of total bacterial count (cfu/ml) at 37º C and 22º C 
were noticed in all groundwater samples at different sites (Fig. 3). The high value of total bacterial count at 37º 
C and 22º C were 286 and 211 cfu/ml at site G8 (Table 2). This site located in highly residential area and near 
cultivated area. While, the lowest value at 37º C and 22º C were being 11 and 8 cfu/ml, respectively for site G15 
(Desert area). Where, the soil provides a natural filtering action and adsorption site for the removal of bacteria 
and viruses (Corapcioglu & Haridas, 1985). Generally, the wells located in residential and cultivated areas have 
the highest content of bacteria than the wells located in the desert area. The variations of total bacterial count of 
the groundwater may be result from direct contamination, through the leaching from the septic tanks which are 
indirect contact with the water table in the study area (Chitanand, et al., 2008). In other wards, the reason for 
high number of bacterial colonies might be due to inadequate maintenance of water reservoirs and the 
percolation of sewage into bore-well (Krishnan, et al., 2007). 

Concerning bacterial indicators of pollution, the highest average log numbers in surface water were found 
in site R4 being 3.1, 1.9 and 1.9 MPN-index/100ml for total coliform, fecal coliform and fecal streptococci, 
respectively. In contrast, the lowest average log numbers for total coliform, fecal coliform and fecal streptococci 
were the same for them of 1.3 MPN-index/100ml at site R5 (Table 1). Presence of coliforms organisms in water 
regarded as evidence of faecal contamination as their origin in the intestinal tract of human and other warm 
blooded animals (Atherholt, et al., 2003 and Usharani, et al., 2010). This clearly indicates that the bacterial 
contamination in the river water is chiefly caused by human excreta and domestic sewage. Also, Putheti & 
Leburu (2009) reported that domestic and industrial wastewater, agriculture waste are sources of faecal bacterial 
contamination to rivers. 
 
Table 3: The total viable count of bacterial in groundwater samples at different sites in Sohag governorate. 

Site 37o C 22o C Site 37o C 22o C 
G1 42 29 G13 56 42 
G2 44 35 G14 64 49 
G3 27 18 G15 11 8 
G4 58 42 G16 53 41 
G5 49 36 G17 33 24 
G6 86 71 G18 97 68 
G7 188 157 G19 88 63 
G8 286 211 G20 51 38 
G9 75 66 G21 59 52 
G10 125 99 G22 29 23 
G11 28 22 G23 48 39 
G12 36 19 G24 56 44 



5769 
J. Appl. Sci. Res., 8(12): 5765-5773, 2012 

 

 

 
Fig. 3: The log count of classical bacterial indicators in the studied groundwater samples in Sohag area, Egypt.   

 
While, the groundwater samples are free from total coliform, fecal coliform and fecal streptococci. This 

may be due to the role of soil where, bacteria are naturally filtered out by soil and rock (Ikhlil, 2009). These 
results are contrary with Ali (2005), who found that some groundwater of Sohag contain about 2.7 and 200 
MPN-Index/100 ml  of total coliform and fecal coliform, respectively. Ali (2005) pointed that the high level of 
TC and FC may be referred to the role of the Wastewater station closed to the wells sampled. Also, Usharani et 
al. (2010) found that the groundwater of Perur in India is free from FS. The present investigation was limited in 
its scope and has not provided all of the necessary answers to questions regarding the source or sources of 
bacterial contamination in Sohag governorate groundwater.  It does from our foundation that the area need more 
studies. 

Generally both of groundwater and surface water samples are not accepted according to Egyptian Standard 
for Drinking Water. Owing to, the counts of total bacteria at 37ºC and 22ºC, TC, FC and FS were higher than 50 
cfu/ml, 0, 0 and 0 MPN-index/100 ml, respectively.  

From Table (4), water temperature in groundwater was ranging from 20.5 to 29.1º C. It was found to be 
important rate-controlling factor in bacterial growth. However, this was not the case of surface water, which 
ranges from 22 to28.7º C (Table 4), where direct sunlight could be auto-purification of surface water (Olayemi, 
1993). This indicated from the negative correlation (r= -0.62:-0.4) between surface water bacteria content and 
temperature (Table 5). 

The pH values in groundwater and surface water were ranging around 7.5 and 7.9, respectively (Table 4). 
However it is well known that most bacterial cells prefer pH which is very much close to neutrality. All the 
samples analyzed fell within the WHO (2011) recommended limits of 6-9 for pH in drinking water. The noticed 
high pH value of surface water than the groundwater may be result from the role of biota in surface water. 
Where, as aquatic organisms grow during the day, they consume carbon dioxide and pH levels rise (Hem, 1985). 

 
Inorganic Contamination: 

 
On other hand, heavy metals may be playing a role in survival of the microorganisms in environment. The 

number of gram-negative bacteria increased and the number of gram-positive bacteria decreased in metal-
contaminated soils (Zelles, et al., 1994). 

Iron (Fe) is one of the most abundant metals on earth and is an essential element for the normal physiology 
of living organisms. Both its deficiency and overload can be harmful both for animals and plants (Anonymous, 
2008). In drinking water the desirable concentration set by WHO is 300 µg/l for iron. About 50% of both 
surface and groundwater samples contain high levels of iron (Table 4). Iron overload or overexposure can lead 
to several serious health problems like cancer, diabetes (Parkkila, et al., 2001), liver and heart diseases (Yang, et 
al., 1998; Milman, et al., 2001 and Rasmussen, et al., 2001) as well as neurodegenerative disorders (Sayre, et 
al., 2000 and Berg, et al., 2001). Iron is significantly correlated with bacterial content of all water samples with 
lowest correlation (r= 0.09) with TC (Table 5). This point to the role of Fe in survival of bacteria and may be to 
the unity of pollution source from wastewater.  
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Table 4: Descriptive statistics of pH, To C, Fe, Mn, Zn, Cd and Pb (µg/l)concentrations in groundwater and surface water. 

Parameter 
Groundwater Surface water 
pH ToC Fe Zn Pb Mn Cd pH ToC Fe Zn Pb Mn Cd 

Mean 7.5 24.4 470 31 430 320 23 7.9 24.8 260 23 260 52 16 
Median 7.5 24.5 270 22 320 120 25 7.9 26.0 250 24 220 54 13 
S.D 0.3 2.4 690 24 380 390 11 0.2 2.7 160 17 150 11 11 
Min. 7.0 20.5 30 0 0 0 6 7.7 22.0 70 0 100 39 4 
Max. 8.2 29.1 2660 101 1810 1410 43 8.2 28.7 480 49 520 65 28 

 
 Table 5: Correlation coefficient between water bacterial content and pH, T, Fe, Mn, Zn, Cd and Pb concentrations in groundwater and  
              surface water. 

parameter 
Surface water Groundwater 
37o C 22o C TC FC FS 37o C 22o C 

pH -0.16 -0.16 0.09 -0.10 -0.15 -0.05 -0.03 
T o C -0.44 -0.44 -0.40 -0.58 -0.62 0.62 0.62 
Fe 0.53 0.69 0.09 0.36 0.49 0.47 0.43 
Cd 0.57 0.74 -0.09 0.20 0.31 0.05 0.05 
Pb 0.30 0.39 -0.05 0.23 0.32 0.01 0.00 
Zn 0.17 -0.03 0.53 0.64 0.66 0.04 0.03 
Mn -0.09 -0.01 -0.39 -0.34 -0.44 0.18 0.18 

Notes:  TC: Total coliforms   FC: Faecal coliforms   FS: Faecal streptococci 
 
Manganese (Mn) is a naturally occurring mineral in surface and groundwater, but human activities also 

contribute much to its introduction in water (USEPA, 2004). Manganese is an essential trace nutrient for all 
forms of life, as it binds to and/or regulates many enzymes in the body (Crossgrove & Zheng, 2004). More than 
half of the studied surface and groundwater samples are contaminated with Mn (Table 4). However, exposure to 
excessive doses of Mn causes severe disorders in the nervous system with the brain as the main target site 
(Crossgrove & Zheng, 2004). In its worst form, it may lead to a permanent neurological disorder with symptoms 
similar to those of Parkinson's disease (Inoue & Makita, 1996). However, exposure to Mn from drinking water 
is normally substantially lower than intake from food (USEPA, 2004). 

Zinc (Zn) is essential elements for human health but overexposure can lead to adverse health consequences 
(Fosmire, 1990). For drinking water WHO (2011) set maximum acceptable concentrations of 3000 µg/l for. This 
metal is found below the WHO standard limits both in ground and surface water in Sohag (Table 4). Zinc 
significant positive correlation with TC, FC and FS (Table 5) indicates that this element is mainly comes from 
human activities. The main sources of Zn are industry and the use of liquid manure and agrochemicals such as 
fertilizers and pesticides in agriculture (Krishna & Govil, 2005). 

Cadmium (Cd) is an element of great concern from a toxicity point of view. The safe standard for Cd 
concentrations in drinking water set by WHO is 3 µg/l. In Sohag Cd concentrations in both ground and surface 
water are above the WHO safe limits (Table 4). Cadmium is a toxic metal causing both acute and chronic 
toxicity in humans. Intake of cadmium may cause acute gastrointestinal problems, such as vomiting and diarrhea 
(Nordberg, 2004) while chronic exposure to cadmium for a long time may cause kidney damage (Barbier, et al., 
2005), reproductive problems (Frery, et al., 1993; Johnson et al., 2003), bone damage (Kazantzis, 1979) and 
cancer (Waalkes, et al., 1988). 

Lead (Pb) is a normal constituent of the earth's crust and trace amounts naturally occur in soil and water 
(Raviraja, et al., 2008). Drinking water picks up lead contamination from various sources like household paint, 
vehicle exhausts and industrial wastes (Nadeem-ul-Haq, et al., 2009). The safe standard set by WHO (2011) for 
lead in drinking water is 10 µg/L. Its concentration is in groundwater and and surface water are above the 
allowable limit for drinking (Table 4). exposure to overdoses for longer times affects adversely the major organs 
and systems of the body such as the nervous, digestive, haematopoietic, cardiovascular, reproductive and 
immunological system as well as the skeleton and the kidneys (Gidlow, 2004 and Venkatesh, 2004). Even at 
low concentrations lead is a special threat during pregnancy. It may cause developmental delay, low birth 
weight and miscarriage of the fetus (Bellinger, 2005). 

Also, cadmium and lead have significant correlation with bacterial content of surface water and low relation 
in groundwater (Table 5). At high concentrations of heavy metals, some microorganisms develop resistance to 
protect themselves to survive (Bruins, et al., 2000; Johncy, et al., 2010). Cadmium resisting bacteria were 
present in all water and sediments samples and tolerated 20 ppm of Cd2+ (Abd-Elnaby, et al., 2011).  

 
Conclusion: 

 
Both surface and groundwater sources in Sohag are highly polluted and not safe for human consumption as 

most of the pollutans exceed the qualitiy standards for drinking water. The rise of the inflow of waste is clearly, 
due to the rapid growth of residential and commercial activities, leads to the microbial contamination of water 
resources in Sohag. The bacteriological counts of total bacteria at 37ºC and 22ºC, TC, FC and FS in water 
samples make the water unfit for human consumption. Bacteriological contamination of water is the most 
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potential threat to consumers. The heavy metals, with the exception of Zn, all exceed their standard limits set by 
WHO in many cases. The frequent and high level occurrence of cadmium and lead is alarming. 
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