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Water quality assessment of River Nile has been studied in the Upper Egypt
region between April 2011 and March 2012 to detect the correlation between
physicochemical parameters and microbiological characteristics. Thirty six water samples
were collected during hot and cold seasons along the area extending from Tima to Dar-
Elsalam cities, Sohag governorate, Egypt. Results indicated that the physicochemical
parameters values increase significantly in the hot season than cold season. In addition,
the bacteriological assessment for water samples indicated that most of studied locations
were contaminated with fecal coliform and pathogenic bacteria which were identified as
Escherichia coli, Salmonella spp., Pseudomonas aeruginosa and Shigella spp. A difinit
correlation between some physicochemical characteristics and some bacteria were also

detected and explained
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Water considers one of the nutrients,
although it yields no calories. It has unique
chemical properties due to its polarity and
hydrogen bonds, consequently it is able to
dissolve, absorb or suspend many different
compounds. Water enters into the structural
composition of cell, it isan essential component of
diet and it is considered one of the essential
components that support all forms of plant and
animal life (Vanloon and Duffy, 2005). A correct
balance in the sensory, chemical, physical and
bacteriological qualitiesof water makesit drinkable
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thus; water in nature is not pure as it acquires
contaminants from its surrounding, and those
arising from humans and animals as well as other
biological activities(Mendie, 2005).

Surface water quality management isthe
first step in ensuring an adequate supply of safe
drinking water. Water quality deterioration may
occur due to the sources of fecal pollution
including grazing cattle, natural animals’
populations, septic tanks, failed sewage systems
and summer storm activity (Lehloesaand Muyima,
2000).

Main water resources in Sohag
Governorate (Upper Egypt) are the surface water,
whichincludesthewater in River Nile, theirrigation
canals and the agriculture drains. Environmental
pollution problems are the most serious national
problemswhichrequiresgreat effortsat al levels;
individual, group, national and international .
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Human and animal activities lead to pollution of
River Nile becausethey serve asthe concerntoall
agenciesdealing with water resources management
and planning so data collection, analysis, and
interpretation are required to overcome heavy
pollution. One major goal of surface water quality
are data collection and estimation the changesin
the concentration of various constituents (Yehia,
and Sabae, 2011).

Thewater quality of Lake Nasser and the
main stream of the River NilefromAswanto Cairo
are good but sometraces of pollutantsare present.
Water quality intheirrigation and drainage canals
deteriorates downstream and reaches alarming
levelsin the Delta (Abd El-Daiem, 2011). As the
River Nileflowsdownstream from HighAswan Dam
so the total salt load increase while the volume of
water decreases because of additional drainage
water and the continuous abstraction of water used
for different purposes, this refer to River Nileis
polluted northward in some locations, whereit is
used as disposal pathway for different types of
wastes.

TheNilein Egypt can be characterized to
high, moderately and low polluted. Also, the canals
have water quality similar to that at point of
diversion fromthe Nilethat receivesalarge amount
of untreated effluents rich with organic and
inorganic matter that cause Nile pollution. River
Nile hasan intensive self-purification capacity. The
self-purification capacity of the River Nile is
supposed to be high because of its ecosystem
clearly reflect theimpact of river flow control and
precipitate all effluents of pollutants at the bottom.
The water quality in the Nile downstream from
Aswan to Cairo has changed dramatically as the
Nile water became silt-free, less turbid, and with
lessvelocity (El-Motassem et al., 1996 and El-Kadly,
1997).

After construction of High Dam the
concentration of phosphate and nitrate were
increased, which stimulated algal and
phytoplankton growth. Physical factors that
influence the type and number of phytoplankton
inRiver areflow rate, water level, light, temperature
and solar radiation that plays an important rolein
the control of planktonic life (Shehataet al., 2008).

The dangers of pathogenic microbes in
surface drinking water supplies were recognized.

Microbia pathogens including (E. coli, Shigella
spp., Salmonella spp., Vibrio cholera,
Campylobacteria (toxins) and protozoa (Giardia
and Cryptosporidium etc.) are major risks
associated with water and waste water (Szewzyk
etal., 2000)

In the developing countries, drinking
water isimportant route of transmission of diarrheal
disease that is the leading cause of morbidity and
mortality in children, risk increasesin rainy season
(Dangendorf et al., 2002). The associated risk with
drinking water isthe contamination resulting from
human or animal feces. Ice used for human
consumption can also be contaminated with
pathogeni c microorganismsand becomeavehicle
for human infection through E. coli, and
Salmonella enteritidis and many others (Faleao
etal., 2002).

Water pollution is usually accompanied
by the presence of classic indicators of
contamination such as Escherichia coli,
Enterococci and other aerobic bacteria. Coliform
bacteria have long been used to indicate fecal
contamination of water and thus a health hazard.
The Fecal streptococci are considered to be
alternative indicators of fecal health hazards.
Furthermore, classic indicators can be considered
as efficient detectors of pathogens in most cases
(Schaffter and Parriaux, 2002). I ndicator organisms
have several disadvantages making them lessthan
ideal for indicating the possible presence of
microbial pathogens. Traditionally, bacterial
indicators of fecal contamination such as fecal
coliforms and enterococci have been used to
assessthemicrobial quality of water sources (Toze,
1999). The quality of drinking water considers a
complex issue, but it is avital element of public
health while poor water quality is responsible for
the deaths of an estimated five million children
annually (Holgate, 2000). The pathogenicity
Enterobacteriaceae associated with certain
components of cell walls which known as
lipopolysaccharide (LPS) or endotoxin layer.
Moreover, enteric pathogens are responsible for
waterborne sickness.

The aim of this study was to clarify the
correlation between the physicochemical and
microbiological characteristicsof River Nilewater
in Sohag Governorate (central of Upper Egypt).

J PURE APPL MICROBIO, 7(SPL. EDN.), NOVEMBER 2013.



ABDELRAHIM et a.: STUDY OF RIVER NILE WATER IN SOHAG GOVERNORATE, EGYPT 65

MATERIALS AND METHODS

Sampling

Two sampling campaignswere conducted
from May 2011 till March 2012 covering summer
and winter two seasonsin the areaof study. Thirty-
six water samples were collected from the River
Nilefrom the middle, eastern and western bank by
submerging to a depth of 40 cm along Sohag
Governorate.
Physicochemical Analysis

Different physical properties of water
were measured by using standard technical
methodologies. List of measured parameters
includes, temperature, turbidity, pH, total dissolved
salts (TDS), dissolved oxygen (DO). Chemical
analysisincludes determinationsof Na', K*, NO,,
Cl, Ca*, Mg*, CO,*, HCO,, NH,, NO*, Cl ,were
alsoperformed.
Bacterial determinants

Number of total and pathogenic bacteria
found in water was determined by serial dilution
with sterile saline. For the determination of total
bacterial count, serial diluted sampleswere grown
on standard method agar while Pseudomonas
isolation agar medium was used for isolation of
Pseudomonas aeruginosa (Kiska and Gilligan,
1999). M-Endo agar LES (Difco) (McCarthy etal.,
1961) was used for enumeration of total coliforms
in water by membrane filter technique. Laurayl
tryptose broth (Difco) (APHA, 1980) was used for
verification of total coliforms. M-FC agar Basewas
used with rosolic acid in cultivating and
enumerating fecal coliformsby the membranefilter
technique (Geldreich et al.,1965). Azide dextrose

broth medium was used for enumeration of fecal
streptococci (Clesceri et al., 1998). Kanamycin
Aesculin azide agar (Ruoff et al., 1995) was used
for verification of fecal Streptococci. E. coli was
counted by using MacConkey agar medium
(MacConkey, 1905) after incubation at 44°C for 48
hrs. X.L.D agar selectivemedium (Taylor, 1965) was
for isolation of Salmonella spp. and Shigella spp.

RESULTS

Water sampleswerecollected twiceyearly
for physicochemical (tables 1-4), microbiological
pollutants analysis, aiming to elucidate the
temperature effect during hot and cold seasons
(tables 4-6). Moreover, comparative analysis of the
physicochemical and microbiological assessment
was performed for the River Nilewater through the
areaof Sohag governorate during the physical year,
April 2011 to March 2012 to provide accurate
statistical informative data for expected changes
in the area under study as shown in table 7 and
figures1& 2.

Physical characteristics

The highest value of water temperature
was 28+2°C, recorded at Akhmim, whilethe lowest
record for temperature was 5+2°C at at Girga. pH
valuewas alkaline at different sitesduring the hot
season, that ranged between 7.8 at Dar-Elsalam
and 8.5 at Sakolta (table 1), whereas pH values
ranged between 8.37 at Tima and 8.53 at Dar-
Elsalam, respectively during the cold season
(table?2).

During hot season, Electrical
conductivity values fluctuated between 286 and

Table 1. Physical characteristics values for River Nile water at hot season

No. Site Physical characteristics
T(°C) pH EC (uhoms\cm) TDS(ppm) TUNTU DO(ppm)

1 Tima 2812 8.1 287 189 6.5 81

2 Tahta 2612 82 286 188.7 5.9 82

3 Sakolta 2742 85 287 189.4 6.3 81

4 Sohag city 2442 7.9 323 213.2 5.4 82

5 Akhmim 2312 81 325 213.9 55 8.4

6 Girga 2542 82 370 244.2 4.9 8.4

7 Dar-Elsalam 2712 7.8 371.0 244.8 5.2 8.5
Average 25.7+2 81 321.3 211.9 5.67 8.23
Range 23-28+2 7.8-85 286-371 189-249 4.9-6.5 8.1-85
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Table 2. Physical characteristics values for River Nile water at cold season

No. Site Physical properties
T(°C) pH EC (uhoms\cm) TDS(ppm)  Tu (NTU) DO(ppm)
1 Tima 7+2 8.37 298 149 7.1 12.2
2 Tahta 9+2 8.49 289 144 7.15 115
3 Sakolta 10+£2 8.44 287 143 7.0 125
4 Soheg 8+2 8.39 277 138 6.2 119
5 Akmim 742 8.49 283 142 6.4 12.2
6 Girga 5+2 8.49 281 140.5 7.8 12.8
7 Dar-Elsdlam 9+2 853 279 139 7.75 116
Average 7.86+2 8.46 284.9 142.2 7.1 12.1
Range 5-10+2 8.37-8.53 277-298 138-149 6.2-7.8 11.5-12.8

Table 3. Measured chemical characteristics (cations, anions concentrations, ppm) for River Nile water at hot season

No. Site Chemical characteristics
Cations Anions
Na" K* Ca* Mg* T.H Resid.Cl, CI SO* NO, NO, NH, CO2> HCO,
Total
hardness
1 Tima 17 3 72 57 129 uDL 195 18 0.03 0.02 013 UDL 1435
2 Tahta 15 2 74 54 128 uDL 185 19 003 0.02 013 UDL 142
3 Sakolta 21 34 75 53 128 uUDL 22 175 003 0.02 013 uDL 144
4 Sohag 15 3 748 48 1228 uDL 19 26,5 0.025 0.02 UDL UDL 136.5
5 Akmim 18 4 74 49 123 uDL 19.2 26.1 0.025 0.02 0.15 UDL 137
6 Girga 22 6 8 46 130 uDL 24 25 UDL UDL 019 uDL 148
7 Dar-Elsdlam 20 8 85 45 131 uDL 23 252 UDL UDL 016 UDL 148
Average 18.3 4.2 76.9 50.3 127.4 uDL 20.6 225 0.02 0014 013 UDL 1427

UDL : Undetectable limit

Table 4. Measured chemical characteristics (cations, anions concentrations, ppm) for River Nilewater at cold season

No. Site Chemical characteristics
Cations Anions
Na- K* C& Mg* T.H Resd CI SOZ NO, NO, NH, CO>HCO,
ppm ppm ppm ppm Cl, ppm ppm ppm ppm ppm ppm ppm
ppm

1 Tima 15 25 72 58 130 uUDL 23 23 UDL UDL 0.3 uDL 146
2 Tahta 19 45 73 56 131 UDL 23 225 UDL UDL 0.3 UDL 146
3 Sakolta 13 3 71 57 128 UDL 22 22 UDL UDL 0.2 uDL 145
4 Sohag 21 3.7 70 43 118 UDL 185 19 0.02 UDL 0.03 UDL 135
5 Akmim 14 28 71 50 121 uDL 19 195 UDL UDL UDL UDL 133
6 Girga 23 7 84 46 130 UDL 20 25 UDL UDL 0.04 uDL 142
7 Dar-Elsdam 16 5.9 86 46 132 UDL 20 26 UDL UDL 0.04 uDL 156
Average 173 42 753 519 1271 UDL 20.8 224 UDL UDL UDL UDL 1433

UDL : Undetectable limit
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371us/cm at Tahtaand Dar-Elsalam, respectively;
total dissolved salts (TDS) content of water
fluctuated between 188.7 ppm at Tahta to 244.8
ppm at Dar-Elsalam; turbidity of Nile River water
ranged between 4.9 NTU at Girgaand 6.5at Tima;
dissolved oxygen (DO) fluctuated between 8.1 ppm
at Sakoltato 8.5 ppm at Dar-Elsalam (table 1).

In cold season, Electrical conductivity
values ranged between 277 ps/cm at Sohag and
298 us/cm at Tima, respectively; TDS values
ranged from 138 ppm at Sohag to 149 ppm at Tima;
turbidity values have ranged between 4.9 NTU at
Sohag and 6.5 at Girga; dissolved oxygen (DO)
values haveranged from 11.5 ppm at Tahtato 12.8
ppm at Gergaregion.

Chemical characteristicsof Nilewater

The chemical characteristics values

including Sodium, Potassium, Calcium, total

hardness, Chloride ions, Sulphate ions, Nitrate
ions, nitrite, ammonia, and Bicarbonate, in each of
hot and cold season were listed in tables 3 and 4,
respectively.
Bacteriological examination of River Nilewater
Theresults of bacteriological examination
of collected samples from different sites along
different regions of River Nile in hot and cold
seasons are shownintables5and 6, respectively.
The bacteriological examination included thetotal
bacterial counts(TBC), total coliform (T. coliform),
Fecal coliform (F. coliform), Fecal streptococci (F.
streptococci), Pseudomonas aeruginosa,
Salmonella spp., Shigella spp., and E. cali.
TBC (cfu/ml) ranged between 3x10? (cfu/
ml) at Timaand 18x10? (cfu/ml) at Sakoltaduring
hot season, whileit ranged between 19 (cfu/ml) at
Sakoltato 65 (cfu/ml) at Girgaduring cold season.

Table 5. Bacteria population (CFU) of River Nile water at hot season for 100 ml sample

No. Site TBC T. F. F S S E. P
coliform  coliform streptococci almonellaspp. higella spp. coli  aeruginosa

1 Tima 30x10°  15x10? 5x10? <1 <1 <1 <1 <1

2 Tahta 70x10°  80x10?  35x10*>  30x10° <1 200 <1 30

3 Sakolta 180x10°  6x10? 4x10? 11x10° <1 400 20 40

4  Sohag 30x10° 1x10? 1x10? 2x10° 60 10 10 10

5 Akhmim 110x10°  7x10? 3x10? 4x103 10 190 20 10

6 Girgra 60x10° 8x10? 12x10? 6x103 <1 260 40 30

7 Dar-Elsdlam 70x10° 9x10? 26x10? 4x103 <1 <1 30 50
Average 785x10° 18x10° 12.3x10? 8.14x103 10 1515 1714 24.3
Range 30x10°~ 1x10*~ 1x10°~ <1~30x10° <1-~60 <1~400 <1~40 <1~50

180x10° 80x10*>  35x10?

TBC : Total Bacterial counts

Table 6. Bacteria population (CFU) of River Nile water at cold season for 100 ml sample

No. Site TBC T. F. F S S E. P
coliform  coliform streptococci almonellaspp. higella spp. coli  aeruginosa

1 Tima 30 x10?  4x10? <1 6x10? <1 30 <1 <1

2 Tahta 60 x10?  3x10? 1x10? 4x10? <1 10 20 25

3 Sakolta 19 x10?2  2x10? <1 <11 <1 <1 <1 <1

4  Sohag 60 x10?  3x10? 2x10? 4x10° <1 2.6x10? 1.8x10? <1

5 Akmim 50 x10?  2x10? 1x10? 3x10° <1 <1 <1 <1

6 Girgra 65 x10?  3x10? 2x10? 6x10° <1 <1 <1 <1

7 Dar-Elsdlam 43 x10?  2x10? 1x10? 4x10° <1 <1 <1 <1
Average 46.7 x10?  2.7x10? 1x10>  2.57x10° <1 37.7 28.6 357
Range 19 x10? ~  2x10%~ <l~ <11~ <1 <l~ <l~ <1~25

65 x10?  4x10? 2x10? 6x10° 2.6x10? 1.8x10?

J PURE APPL MICROBIO, 7(SPL. EDN.), NOVEMBER 2013.



68 ABDELRAHIM etal.: STUDY OF RIVER NILE WATER IN SOHAG GOVERNORATE, EGYPT

000T STO0- 22v0 S/00- T/90 SZr0 6Y€0 ¢/90 8S¢0 1850 LITO <T00- T¢90- +.90 ¥6E0- €¥90 opnasd
000'T 6570 T80'0-  TSO0-  S900-  8800- L¥0'O- 6TE0- #¥¥T0- TST0 6020- ¥600 9900- TIOO ¢CT0- 11033

000T ZST0- T0C0 6.0 ¥8T'0 8.0 ¥STO- ¥I€0 P#IS0 TLEO0- TEFO- 620 <600 00¥'0 ddse|pbius

000T 89T0-  ¥ET'0-  1620- T000- ¢SE0- CTYO- [2€0 80V 92€0- POS0 <20S0- ¢Gg'0 ‘ddse|puow(es

000'T 09,0 €670 8260 /¥T0 OSy0 GOZ0 €0T0- 9250- GES0 v6y0- 2950 100000idess A

000'T 86T0 02r'0 Te00- +ST0 €evy'0 OTE0- €.€0- 6.T0 ¥E00- #9E0 w0402 4

000T 0070 O0STO ¢ZV90 ¢ZZr'0 6620- €990- G950 /870- 9TL0 w0400 "1

000T €200- 0LF'0 9950 6.T0- LcL'0- ¥650 9g€C0- ¢¢L0 odl

000T 9e¥'0 €I¥0- ¢620 O0T0O0 9500 8TT0 9200 “OOH

000T G200 €T00- 6S¥'0- 0O¥S0 89¢0- 9150 *HN

000T T¥P0- TL90- €620 ¢Cc0- €€90 ‘ON

000T TEO0 8820 92¢€0- T8OO- - 0S

000T 0/80- TTLO €£860- oda

000T G¢8'0- .80 sal

000T 8T.0- Hd

000'T D0l

oo dds dds 100000106435 WLOJI|0D  WIOJI0D sa|celen
opresd 3 e|RPIS elpUOWES o = 1 2dL f0OH "HN fON [0S 0a salL Hd Ol [011u0D

“]BIeM3|IN JOAR PaIpnIs ulsiusipaibul Alifenb Jetem Jayio pue esideq dlueBoyed UsSMIB] SIUSID11S00 U0 [BI0d BY L */ 8|qeL

J PURE APPL MICROBIO, 7(SPL. EDN.), NOVEMBER 2013.



ABDELRAHIM et ad.. STUDY OF RIVER NILE WATER IN SOHAG GOVERNORATE, EGYPT 69

Fig. 1. Schematic diagram of the relation between selected physicochemical parameters
(temperature, pH, DO) and total bacterial count (TBC) in hot and cold seasons

In hot season, T. coliforms ranged between 1x10?
(cfu/200 ml) at Sohag site and 80x10? (cfu/200 ml)
at Tahta, while it was ranged between 2x10? (cfu/
100ml) at Dar-Elsalamto 4x10? (cfu/100 ml) at Tima
during cold season.

In hot season, F. coliforms ranged from
1x10? (cfu/200 ml) in Sohag areato 35x10? (cfu/ml)
at Tahta, whereasit was undetectable at Timaand
Sakolta. It was 2x10? (cfu/100 ml) at Girga and
Sohag during cold season. F. streptococci was
undetectable at Timawhile it ranged from 2x10°
(MPN/100 ml) in Sohag to 30x10° (MPN/100 ml) at
Tahtaduring hot season. Also, it was undetectable

at Sakolta, while it fluctuated from 4x10° (MPN/
100 ml) to 6x10° (MPN/100 ml) at Tima.

During hot season, Salmonella spp. count
was 10 (cfu/ml) at Akhmimand 60 (cfu/ml) a Sohag
but it was undetectable at other sites. It was
undetectablein all sitesduring cold season aswell.
Shigella spp. counts (cfu/ml) were undetectable
at Tima, Dar-Elsalam, whereasranged from 10 (cfu/
ml) in Sohag to 4x10? (cfu/ml) at Sakoltaduring hot
season, meanwhileit was detectable as (10, 30 and
2.6x10?) at Tima, Thata and Sohag, respectively,
but it was undetectable at other sites during cold
season. E. coli counts ranged from 10 (cfu/ml) at

Fig. 2. Correlations between the coliforms and pathogenic bacteria during
hot and cold season in the River Nile at Sohag governorate
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Sohag to 40 (cfu/ml) Girga, but it was undetectable
at Tima, Tahta during hot season, while it was
detected only in Tahta and Sohag (20, 1.8x10?),
respectively during cold season. P. aeruginosewas
undetectable at Timabut it fluctuated between 10
(cfu/ml) in Sohag and Akhmim to 50 (cfu/ml) at
Dar-Elsalam during hot season, while it was
detectable only in Tahta (25 cfu/ml) during cold
season.

DISCUSSION

The quality of drinking water has been
decreased during this century due to discharging
of wastewater into water resources as well as
environmental pollutants. The major global health
problems, cross adaption of microbial population
to structurally related chemicals, may play an
important role in the practical development and
application of bioremediation techniques (Liu and
Jones, 1995). The present study was planned to
monitor the quality of water consumed by the urban
and rural population of Sohag governorate for
drinking water purposes and theimpact of thewater
quality ontheir health. The population constitutes
mostly of thelow-income classwhich cannot afford
bottled water from markets. Also, treated water is
not present in all hospitals where patients have
already suppressed or compromised immune
systems. The authorities are very much concerned
both about the quality and the quantity of water
as they are supplying with reference laboratories
belonging to the ministry of health and population.
Due to shortage of treated water government has
installed alarge number of tube wells. However it
isafact that thereisno guidance from government
side for these installation (i.e.. depth of digging,
strata penetration, lining and other material) so
during our studies we could detect Shigella spp,
Fecal coliform, total coliform, E. coli and Faecal
streptococci that are indicators for water
contamination. Abo-Amer et al. (2008) reported
that some groundwater stationswere polluted with
coliform group and pathogenic strains.

Significant correlations between the
physicochemical parameters and microbial
characteristicsof River Nilewater are summarized
intable (7) aswell asin figures 1 and 2. Decrease
or increase the Nile water Temperature depends
mainly on the climatic conditions, sampling times,

and the number of sunshine hours aswell asitis
also affected by characteristics of water
environment such as turbidity, wind force, plant
cover and humidity (Mahmoud, 2002). Air and
water temperature showed positive correlation
during hot and cold season. Recorded temperature
at different spots at Sohag governorate showed a
positive correlation with the measured microbial
pathogenic species (total bacterial count, total
coliform, fecal coliform, Faecal streptococci,
Salmonella spp., Shigella spp. and pseudomonas
aeruginosa). The correlation coefficients (r)
between these microbial species and the
temperature (table 7), werefound tobe 0.72, 0.71,
0.36, 0.56, 0.25, 0.4 and 0.64, respectively. This
indicates strong effect of water temperature on
bacterial growth. These results are in accordance
with previous reported findings (Sabae and Rabeh
2006).

On the other hand, correlation analysis
showed that water temperature recorded a high
negative correlation with DO and pH (r=-0.98 and
-0.72), respectively while positive correl ation was
caculatedwithNO, ,NH,, HCO, and TDS(r=0.63,
0.52,0.04 and 0.87), respectively. It isobservable
that DO concentration isinversely proportionated
with water temperature. Similar results were
obtained by Sharmaet al., (2008) who found that
temperature has negative correlation with DO (~
r=-0.9) and positive correlation with nitrate in
Narmado River, India. Odeyemi and Olanipekun,
2007 have been reported that the coliform count
ranged between 25 and 1,600 per 100mls of the
original water sample. Physico-chemical values
ranged; pH (6.30-8.90), conductivity (1.20-5.30),
acidity (7.50-9.60mg/ml), alkalinity (27-170mg/l),
chloride (0.11-3.20mg/l), free CO, (0.23-1.95mg/l),
total solid (0.20-1.60mg/1) total suspended solids
(0.10-1.20mg/1) respectively. Values for minerals
ranged; Zn (0.19-0.70), Fe(0.24-0.66), Pb (0.01-0.04),
Ca(3.28-32.24), Mg (1.98-15.36), Na(1.01-4.69) and
K (1.077-6.715).

pH value has an effect on the biological,
chemical reactions, aswell asit controlsthe metal
ion solubility and thus, it affectsthe natural aquatic
life. More specificaly, it wasreported that desirable
pH for fresh- water isin theranges of 6.5-9and is
6.5-8.5for aquatic life. Moreover pH could control
the pathogeni ¢ microorganism growth (Zamaxaka
et al., 2004). The pH range of Nile water at Sohag
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governorate showed that, pH ranged towards the
alkaline side during cold season. The obtained
results indicated that pH values of Nile water
dlightly fluctuated at most stations during hot and
cold season. these results were obtained by
Toufeek and Korium (2009).

Conductivity indicates the presence of
dissolved salts and electrolytic contaminants, but
it gives no information about specific ion
compositions. Previous studies concluded that
water tasteisobjectionableat highest conductivity,
while taste is satisfactory at low conductivity
(Adekunleetal., 2007).

EC of Nile water was variable, it was
somewhat high from Dar-Elsalam to Sohag dueto
the solutions of most inorganic compounds and
more abundant ions resulted from agricultural
drainage which has high conductivity (APHA,
1995). EC should belessthan 700 us/cm as adopted
from Ayersand Westcott (1985). Our results agreed
with Sabae and Rabeh, 2006).

TDSmay beorganic or inorganicin nature
and many are undesirable in water and produce
displeasing color, tastes and odors and may also
exert osmotic pressure that affect aquatic life or
become carcinogenic especially halogenated
compounds. TDS concentrations of Nile water
sampleswere almost within the permissible limits
during hot and cold season. High concentrations
of TDS decreasethe palatability of water and may
also cause gastro-intestinal irritation in humans
and laxative effects particularly upon transits
(WHO, 1997) which reported that, TDS should be
lessthan 450 mg/l. There areadirectly proportional
between TDSand EC in addition to turbidity values
which revealed positively strong correlation to each
other (r= +0.99), so our results support those
obtained by Toufeek and Korium (2009).

Water turbidity is caused by suspended
matter such as clay, silt, and divided organic and
inorganic matters, planktons and water microscopic
organism. The purity of the natural body of water
is a major determinant of the condition and
productivity of the sustain (APHA, 1998). The
turbidity degree of the stream water is an
approximate measure of the intensity of the
pollution (Siliem, 1995). High turbidity indicates
the presence of organic suspended material, which
promotesthe growth of microorganism (Mombaet
al., 2006). River Nile water turbidity values were

dlightly high during cold season. Abdo et al. (1998)
had reported that the transparency lower values
were recorded during hot season may be due to
the flourishing of phytoplankton while the values
were recorded during cold season were somewhat
high due to the decrease in water level during
drought period.

The Water DO is an indicator of water
quality. DO concentration of unpolluted water is
normally about 8-10 ppm at 25+2°C. DO is very
important factor for the aguatic organisms, because
they affect their biological process. For the
oxidation of the organic matters and the sediments,
the complex organic substances are converted to
simple dissolved inorganic salts which could be
utilized by the micro and macrophyte (Okbah and
Tayel, 1999). DO concentration has found to be
higher in the cold season comparing with the hot
season (Anon, 2007). WHO suggested that the
standard of DOisnot lessthan5mgO,/I. DO vaues
during hot and cold season showed negative
correlation with NO,’, NH,, total bacterial count,
total coliform, Fecal coliform, fecal streptococci,
Salmonella spp., Shigella spp. and pseudomonas
aeruginosa. Quantitatively, the DO correlations
coefficients with other physicochemical and
microbiological parameterswere (r=-0.67, -0.45, -
0.72,-0.66,-0.37,-0.32-0.43 and -0.62, respectively).
DO had strong effect on the bacterial growth
especially during the cold season, also DO has
inversely proportiona with water temperature of
Nile water (r=-0.97). Our results supported with
those obtained by Abdel-Satar, (2005).

The average values of major cations
including Na', K*, Ca?* and Mg?* during hot and
cold seasons showed that, Na" and K* ion
concentrationswere at permissiblelimit guidelines
according to WHO, 2006. Thelower concentration
of K* compared with Na" in Nile water might be
dueto the high mohility of Na* ionsand dominates
inthe natural solutions (Ramanathan et al., 1994).

Temporary hardness is resulted from
bicarbonates and carbonates of Ca?* and Mg*,
while permanent hardness (or non-carbonate
hardness) is resulted from nitrates, sulphates and
chlorides of Ca?* and Mg*. The former can be
removed by simplebailing, however boiling cannot
remove the latter Water with total dissolved salts
(TDS) values exceeding 120 mg/L are considered
hard, morethan 180 mg/l arevery hard (McGowan,
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2000) and waterswith TDSvalueslessthan 60 mg/
L are considered soft hardness. Calculated Ca2+
and M g2+ ions concentrations during hot and cold
season showed low variation and were at
permissiblelimit guidelinesas 75 ppm, and 50 mg/
| respectively, according to (WHO, 2006). These
results agree with previous finding obtained by
Ramkumar et al., (2010).

The average concentration of Cl ionsin
theNile River water was 20.0+3.0 ppm. Thisvalue
agreed with WHO considerations (2006).

The recorded SO,* concentrations are
dlightly fluctuated at most station during hot and
cold season. Statistical analysis showed that the
SO,* concentration correlates with DO, TDS,
HCO, and Salmonella spp. by r=0.03, 0.28, 0.29
and 0.41, respectively while it has negative
correlation with TBC, total coliform, S,
pseudomonas aeruginosaand E. coli. by r =-0.18,
-0.30, -0.37, -0.21 and -0.012, respectively. The
increasing in its concentration at all stations in
Nile water is due to death and decomposition of
aquatic microorganismsthen oxidation of liberated
sulpher into sulphate in presence of high DO
concentration especially during drought period at
cold season. All results were at the permissible
limit guidelines according to WHO (2006) and in
accordancewith Abdo (1998) and El-Haded (2005).

Nitrateionsrepresent the highest oxidized
form of nitrogen. The presence of nitrate ions
indicates that water was polluted with old fecal
pollution but does not represent an immediate
threat (Papa, 2001). High nitrate concentrationin
water is dangerous to pregnant women and
possesses a serious threat to infants younger than
three to six months old, because of its ability to
cause methaemoglobinaemia or blue-baby
syndrome, in which blood losesits ahility to carry
sufficient oxygen (Burkart and Kolpin, 1993). All
resultswere at the permissiblelimit guidelines (less
than 45 mg/l) according to WHO (2006). Nitrate
ions in Nile water were increased at al stations
during hot season and there are directly
proportional between water temperature, TDS, NH,,
TBC and total coliform, Fecal coliform, Fecal
streptococci, Salmonella spp, Shigella spp, E. coli
and pseudomonas aeruginosa. The valueswere; r
=0.63,0.30,0.03,0.57,0.42,0.43,0.21,0.33,0.52,
0.15 and 0.12, respectively. But it had inversely
proportional to pH, DO, SO4-2, HCO3- wherer = -

0.32,-0.67,-0.44 and -0.41, respectively. High nitrate
levels are often accompanied by bacterial
contamination. Our resultswerein accordance with
Abdo (1998) and Sabae and Rabeh (2006).

The increase in NO,” during hot season
due to the decomposition of organic matter and
presence of nitrozomonas bacteria that oxidize
ammonia to nitrite (NO,). In this concern, our
results agreed with Rabeh (2001).

The presence of ammonia in drinking
water is considered as an indicator of recent fecal
pollution from sewage. Ammoniamay result from
fertilizersthat are present in soil and it isrelatively
easily oxidized to nitrite and finally to nitrate
(Karavoltsoset al., 2008) and it possesses a serious
threat to public health. The average values of
ammonia concentrations during hot and cold
season revealed that the average value was 0.15
ppm. The high temperature accelerates the
reduction rate of nitrateinto ammoniaa so, anmonia
in Nile water is directly proportional to,
temperature, NO,, TBC, total coliform, Fecal
coliform, fecal streptococci, Shigella spp and
Pseudomonas aeruginosa by r= 0.52, 0.03, 0.47,
0.64,0.16, 0.43, 0.31 and 0.58, respectively but had
a inversely proportional coorelation with other
parameters. According to WHO (2006) NH,* results
were at permissible limits guidelines (Not exceed
0.5mg/l).

Carbonate (CO,*) ions concentration
were undetectable in Nile water due to the
composition of water as (Na-HCO,) or may bedue
to the flourishing of phytoplankton during hot
season that consuming carbonate ions (Abdo,
1998). The increase in the bicarbonate
concentration in hot season may be due to the
increase in water temperature that accelerates the
decomposition of organic matter by bacteria. HCO,
isthefinal product of thisbase (Abdo, 2002). The
HCO, values showed directly proportional
correlation with total coliform, fecal streptococci
and Pseudomonas aeruginosa, r= 0.15, 0.15 and
0.20, respectively. The amount of HCO," in water
plays an important role in bacteriological
assessment for water quality.

Heterotrophic plate count bacteria (HPC)
are commonly used to assess the general
microbiological quality of water. Drinking water
quality specificationsworl d-wide recommend HPC
[imitsfrom 100to 500 (cfu/ml), (WHO, 2001). The
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distribution and seasonal variations of the total
bacterial counts during hot season total bacterial
count was ranged from 3x 10*to 18x 10* (cfu/100
ml), whileat cold season total bacterial count ranged
from 19x10? (cfu/100 ml) to 65x10? (cfu/200 ml).
The maximum bacterial counts were detected
during the hot season, reflecting the effect of high
content of organic matter due to flourishing of
phytoplankton which increased active
multiplication of the bacteria. Our resultswerein
accordant with Sabae et al., (2008). As shown in
table 7, TBCin Nilewater had directly proportional
correlation with temperature, TDS, NO,, NH,,
Shigella spp and Pseudomonas aeruginosa by r=
0.72,0.60, 0.57,0.47,0.73 and 0.67, respectively.
Our results were in agreement with the results of
Sabae and Rabeh 2006.

The coliform bacteriain water considered
as indicators of bacterial pollution of human or
animal feces. Drinking water is not a natural
environment for coliform bacteria, their presence
inwater indicates microbial pollution (Rompré et
al., 2002). Total coliformswereranged from 1x10?
to 80x 107 (cfu/ 100ml) during hot season and cold
season thetotal coliformswereranged from 2x10?
to 4x10? (cfu/100 ml). The high counts of total
coliform might be due to pollution by industrial
activitiesdischarging their wastesto the Nilewater
between Aswan and Cairo (Saleh, 2009). All results
of Nilewater were higher than the permissiblelimit
guidelines (TC should not exceed 5000 cfu/100 ml)
according to Tebbutt, 1998. Our results agreed with
those reported by Sabae and Rabeh( 2006).

Fecal coliformisaportion of thecoliform
bacteriagroup originating in theintestinal tract of
warm-blooded animals that pass into the
environment asfeces. Fecal coliform oftenisused
as an indicator of the bacteriological safety of a
domestic water supply. Fecal coliform count of Nile
water in studying areas, ranged from 1x10? to 35x
102 (cfu/200 ml) during hot and cold seasons. Total
and fecal coliforms had directly proportional
correlation with temperature of r= 0.72 and 0.36,
during hot and cold seasons , respectively. Our
results are in accordance with Abo-Amer et al.,
(2008), who reported that untreated water samples
were slightly contaminated by fecal coliforms.
Shash et al., (2010) found that total and fecal
coliformsweredetected in Nilewater.

Fecal streptococci are associated with

fecal material from human and other warm-blooded
animals and their presence in water indicates the
potential incidence of enteric pathogensthat could
causeillnessin exposed individuals (Dufour, 1984).
Any bacterial cell of fecal indicator werefoundin
drinking water, considered to be contaminated with
feces, therefore unsuitable for drinking purposes
according to WHO guide line for drinking water
(WHO, 2003).

Fecal streptococci count ranged from<1.1
to 30x 103 (cfu/200 ml) during hot season, while at
cold season it ranged from <1.1 (cfu/ml) to 6x10°
(cfu/ 100 ml). High amount of fecal streptococci
was found at Tahta area during hot season due to
the high temperature also the discharge of human
and animal wastesin theriver Nile. The presence
of fecal streptococci and absence of fecal coliform
in same water samples, mainly attributed to
bacterial tolerant to environmental condition
(WHO, 2006) described streptococci organism as
rarely multiply inwater, but they livelonger inwater
thanthe coliform, and moreresistant to heat, Alkali
and salts (Shekha, 2008). Our results agreed with
Sabae and Rabeh (2007). TBC, TC, FC and FS
respectively, showed that the high counts of
bacterial indicatorswere detected in the hot season
which might be attributed to high temperature and
thedischarge of wastewater inthe River Nilewater
during this season.

Salmonella consider as one of the
primary bacterial foodborne pathogensto humans
anditiscommonly presentedinraw water (Littleet
al., 2007). Low level of contamination of water rarely
leads to disease devel oping because between 10°
and 107 organisms have to be ingested before
development. Salmonella spp detected only during
hot season at Sohag station and their counts ranged
from 10to 60 (cfu/200 ml), indicating that Nilewater
may be contaminated with feces or wastes
belonging to human and animal activities.
Salmonellawasfound only inthose sampleswhich
were positive for coliforms. Salmonella spp had
directly proportional correlation with temperature,
SO,* andNO; (r=0.25,0.30 and 0.41), respectively.
Similar findings were reported by Bhatta et al.,
(2007).

Shigella spp. is usually acquired by
drinking water contaminated with fecesor by eating
food washed with contaminated water. Elimination
of the contamination caused by fecal matter isthe
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most important parameter of water quality. Human
fecal matter is generally considered a greater risk
to human health as it contains human enteric
pathogensthat are causal agentsof diarrhea (Scott
et al., 2008). Although Shigella causes food-borne
diseases, shigellosis outbreaks resulted from
consumption of contaminated water especially in
developing countries with inadequate sanitation
facilities. In our study, total count for shigella spp
ranged from <1 to 4x10? (cfu/200 ml) during hot
season while at cold season the total count for
shigella spp was ranged from <1 to 2.6x10? (cfu/
100 ml). The high amount of shigella was detected
at Sohag station may dueto discharging of wastes
and animal feces in this area. The presence of
Shigella spp. (60%) of all the samples during hot
season and 30% in cold season might be due to
unsanitary environmental condition and secondary
fecal contamination from an intermediary sources
andthisisinaccordancewith Ihgjirikaetal., (2011).
Shigella spp had directly proportional correlation
withtemperature, NO,’, NH,, TBC, TC, E. coli and
Pseudomonas aerugoinosa (r= 0.40, 0.51, 0.73,
0.18,0.46 and 0.42). Our resultswerein agreement
with the report of Emch et al., (2011). Also, it
support by the previousreported works of |hejirika
etal., (2011).

Thermo-tolerant coliforms were
represented by E. coli as indicator of fecal
contamination of drinking water (WHO, 2001). The
presence of E. coli in water isacommon indicator
of fecal contaminations of water bodies. Some E.
coli strainslive asharmlesscommensalsin animal
intestines. E. coli is a widely used indicator of
fecal contamination in External contact and
subsequent ingestion of bacteria from fecal
contamination can cause detrimental health effects
(Money et al., 2009). Total count for E. coli ranged
from <1t040 (cfu/100 ml) during hot season while
at cold season, the total count for E. coli was
ranged from <1 to 1.8x10? (cfu/100 ml). Presence of
E. coli (66.6%) of all the samplesduring hot season
and 22.6% in cold season might be due to
unsanitary condition of the environment and
discharging of animal feces in Nile water during
hot season. Our results were in accordant with
Ihgjirikaet al. (2011).

Pseudomonas aeruginosa is a common
bacterium hasvery simple nutritional requirements
which can cause disease in animals and humans

(Todar, 2004). P. aeruginosa can befound infeces,
soil, water, sewage and it can multiply in water
environments also, it can be waterborne- disease,
(Bartram et al., 2003). Pseudomonas aeruginosa
can cause arange of infections but rarely lead to
seriousillnessin healthy individual swithout some
predisposing factor. It can damage sites such as
burn and surgical wounds, thus it is an
opportunistic pathogen in humans and a major
cause of nosocomial infection (Rémling et al.,
1994). In our study, total count for P. aeruginosa
ranged from <1 to 50 (cfu/100 ml) during hot season
while at cold season the total count for P.
aeruginosa was detected in Tahta station as 25
(cfu/100 ml). The presenceof P. aeruginosa (66.6%)
of all the samplesduring hot season and 7.69 %in
cold season might be due to unsanitary condition
and fecal contamination resulted from human and
animal activities. Our results agreed with those
obtained by Purohit et al. (2003).
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