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Abstract: The aim of the present study is to assess the water quality along the Rosetta branch of the Nile River, Egypt. The study
area extends from upstream of the El-Rahawy drain to the end of the branch. The correlation matrix was performed to help identify
the nature of correlations between the different parameters. The WQI (water quality index) was calculated seasonally at different
points along the Rosetta branch to provide a simple indicator of water quality at these points. The results of WQI calculations showed
that the fecal coliform is the main cause of poor water quality along the Rosetta branch. A statistical analysis was also performed
using a two-way ANOVA (analysis of variance) to identify the significant sources of water pollution and to determine the impact of
the parameters on a mass loading. A significant difference was observed between the impacts of the pollution sources on the water
quality. Also, a significant difference was observed between the impacts of each parameter in the mass loading. The results showed
that the El-Rahawy, Tala and Sabal drains are the major sources for water quality degradation along the Rosetta branch and that the
effect of the El-Tahrir and the Zawyet El-Baher drains on the water quality is not significant.
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1. Introduction Rosetta branch daily receives more than 3 million m

) ) ) ) of agricultural drainage water, in addition to receiving
The longest river in the world, the Nile River . . . .
. untreated and partially treated industrial and domestic
measures 6,700 km (4,163.2 mi) long and runs from . . .
R ) wastewaters [3], as well as toxic dumping. Five
Lake Victoria in east central Africa to the . . )
agricultural drains empty into the branch: the

El-Rahawy, the Sabal, the El-Tahrer, the Zawyet
El-Bahr, and the Tala [S]. At the El-Rahawy drain,

considered as the main source of pollution along the

Mediterranean Sea in northeastern Egypt. The drainage

area of the Nile basin is 2,900,000 km?

(1,119,696.2 mi®). The Nile River passes through the

countries of Egypt, Sudan, Ethiopia, Uganda, Kenya, L
. . . Rosetta branch [6], the water quality is greatly

Tanzania, Democratic Republic of the Congo, Rwanda,

and Burundi [1]. As an arid country of high

temperatures and low rainfall, Egypt depends on the

affected by two primary pollution sources: (1) small

drains located along its path that discharge agriculture

) ] ) and domestic wastewater without prior treatment; and
Nile River for more than 95% of its fresh water . . .

(2) the El-Mansoria Canal, which receives secondary

needs [2]. The river travels for 950 km through Egypt,
treated wastewater from the Zenen WWTP

starting from Aswan in the south and ending at Cairo in .
(Wastewater Treatment Plant) and primary treated

wastewater from the Abu-Rawash WWTP [7]. Several
studies have been conducted to address water quality
at the Rosetta branch. Abdel-Satar and Elewa [8]
observed low levels of DO (dissolved oxygen) at the
discharge points of the El-Rahawy drain. Abdo [9]

Corresponding author: Mohamed Mostafa, Ph.D., research concluded that the El-Rahawy and the Sabal drains
field: environmental engineering.

the north, where it separates into two branches, Rosetta

and Damietta branches, which form the Nile Delta [3].
The average flow rate of this branch is about

21,500,000 m’/day (5,679,698,000 gal/day) [4]. The




514 A Comprehensive Assessment of Water Quality at the Rosetta Branch of the Nile River, Egypt

comprise the major sources of pollutants along the
Rosetta branch due to the large amount of domestic,
industrial, and agricultural wastes discharged from
these drains. Other studies of water quality at the
Rosetta branch included that of Elewa et al. [10], who
determined that the El-Rahawy drain constitutes the
major source of pollution along the Rosetta branch
because the drain discharges large amounts of
agricultural and domestic wastewaters. Also, El
Bouraie et al. [7] found high concentrations of
inorganic and organic pollutants at the discharge point
of the El-Rahawy drain, with a resultant adverse effect

on water quality at the Rosetta branch.

2. Materials and Methods

The survey, performed in the Rosetta branch,
involved collecting water samples in winter, spring,
summer, and autumn 2013. Fig. 1 shows the sampling
points along the study area. 17 stations were chosen
along the Rosetta branch in order to cover the main
polluted areas along the branch: 10 upstream and
downstream from the point sources; 5 at the discharge
point of the point source; 1 at the middle distance
between the last pollution source and the end of the
branch; and the last station located at the end of the
branch, as shown in Table 1. The point sources
located along the study area include the El-Rahawy
drain, the Sabal drain, the El-Tahrir drain, the Zawyet
El-Baher drain, and the Tala drain.

?‘ Mediterranean Sea

Nile Delta

) . Siz,)
Zawyet El-Baher Drain—— o

(S11) S,

(S2)

Fig. 1 Map of the sampling stations along the Rosetta
branch.

Table 1 Location of the study stations along the Rosetta
branch.

f(t)zt;on Description

S1 Upstream of the El-Rahawy drain

S, At discharge point of the El-Rahawy drain
S3 Downstream of the El-Rahawy drain

Sa Upstream of the Sabal drain

Ss At discharge point of the Sabal drain

Se Downstream of the Sabal drain

S, Upstream of the El-Tahrir drain

Sg At discharge point of the El-Tahrir drain
So Downstream of the El-Tahrir drain

S10 Upstream of the Zawyet El-Baher drain
S11 At discharge point of the Zawyet El-Baher drain
S1i2 Downstream of the Zawyet El-Baher drain

Si3 Upstream of the Tala drain

Sis At discharge point of the Tala drain

Sis Downstream of the Tala drain

Si6 Downstream of the El-Kwa Water Treatment Plant

S17 At end of the Rosetta branch

Water samples were collected from a depth of
approximately 0.3 m (1 foot) below the surface with
the use of 2-liter plastic containers. After their
placement in an ice chest and were then transported to
the laboratory, water samples were analyzed for TDS
(total dissolved solids), TSS (total suspended solids),
BOD (biochemical oxygen demand), COD (chemical
oxygen demand), TOC (total organic carbon), DO, CI"
(chlorides), NOs~ (nitrates), PO,> (total phosphate),
turbidity, pH and temperature. The samples were
analyzed according to the standard methods for
wastewater analysis [11]. Results of the analysis were
then compared with standards specified in Egyptian
Law 48/1982 and EPA (Environmental Protection
Agency) standards [12, 13]. The WTW multi 340i
meter (JERMANY/WTW 340i/05281018) enabled
measurement of DO, pH and temperature values in the
field. The meter automatically adjusts DO and
temperature. Four buffer solutions with pH values of
4.0, 7.0 and 10.0 were used for the multi meter
calibration. The TDS/EC (HM
Digital/COM-80/891144000229) was used to measure
the TDS concentration in the field. For quality control

meter
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purposes, a solution with known concentration
allowed assessment of the accuracy of measurements.
Analysis of the other parameters took place in HBRC
(Egyptian Housing Building Research Center)
laboratory, located in Cairo City. Turbidity was
measured by using the turbidity meter (COLE
PALMER- USA/08391.45/12106698). For quality
control purposes, testing of a solution with a known
concentration ensured accuracy of the measurements.
The TOC concentration was measured by using a
TOC analyzer (Shimadzu/4200) [11]; An automatic
calibration conducted by using dilution water as a
standard solution ascertained the accuracy of the data.
The 5-day BOD test 5210B was used in the
determination of the BOD concentration in wastewater
samples [11]. For quality control purposes, the
research protocol included the following procedures:
(1) In seed control samples tested after 5 days of
incubation, a minimum residual DO of 1.0 mg/L and a
minimum DO depletion of 2.0 mg/L were required; (2)
the glucose-glutamic acid solution and the dilution
water were tested and compared with the acceptable
limits. Use of the closed reflux, titrimetric method
5220C COD

concentration in the samples [11]. For quality control

enabled determination of the

purposes, testing of a solution with known
concentration ensured accuracy of the measurements.
Test method 2540D was used for the determination of
TSS [11]. For quality control purposes, analysis of
20% of the total number of samples took place. Fecal
coliform membrane filter technique 9222D was used
to determine the FC (fecal coliform) density in the
samples [11]. The NO;, PO,

measured by applying ion chromatography method

and Cl were

4110B [11]. For quality control purposes, the sample
loop and the needle were flushed with 250.0 mL of
deionized water; The temperature of the column was
set at 30 °C. After running occurred, the time and the
resolution of the peaks were checked. The time and
the resolution of the peaks must approximate those of
the chromatogram of the column.

A correlation matrix, performed with the use of
Microsoft Office Excel 2010, yielded the nature of
correlations among the different parameters. A two-way
ANOVA (analysis of variance) was used to identify the
impact of each point source on the water quality of the
Nile Delta, the major source of water pollution along the
study area, the impact of each parameter on a mass
loading, and the influence of the parameters on each
other. The parameters included pH, COD, BOD, TOC,
TSS, TDS, chlorides, and DO.
established: Two groups followed the mass loading

10 groups were

theory (flow x concentration), while the other groups
followed the loading factor concept (flow x solids
concentration X organics concentration), as shown in
Table 2. The first two groups comprise DO and pH
(—log[H']) multiplied by the flow rate. The other groups
contain solids multiplied by organics and flow rate,
where the solids are bound to organics in water.

The WQI (water quality index) was calculated
seasonally at different points along the study area to
provide a simple indicator of water quality at these
points. WQI is an excellent and reliable tool used to
measure and monitor changes in water quality. Several
water quality parameters are used to calculate the
WQI, including TS (total solids), DO, BOD, FC, pH,
turbidity, NO; , PO, and temperature. The index
was determined with the use of the NSF (National
method  [14].  The
mathematical expression for NSF WQI is given by:

NSF WQOI = ZWxQx = Wyu % Opn +
Wphosphate X OPhosphate T Wnitrate X ONitrate T
Wpo sas < Oposas + Wrs % Ors + Wre X Opc +
Waop % Osob T Wrubidity X OTurbidity T
Wremp X OTemp. (1)
where, Wy is weight factors of the water quality

Sanitation  Foundation)

parameters, Oy is Q-value of the water quality
parameters, and X = water quality parameters. The
weight factors for DO, FC, pH, BOD, temperature,
PO, NO;, turbidity, and TS are 0.17, 0.16, 0.11,
0.11, 0.1, 0.1, 0.1, 0.08 and 0.07, respectively [14].
After calculation of WQI values took place, the values
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Table2 ANOVA terms (interaction between organic and solid factors).

Pollution source/parameter COD, TSS COD, TDS BOD, TSS BOD, TDS DO

PS1 Qu: % Ccops % Crss: Qui * Ceops X Crps: Qua X Cgops X Crss: Qua X Coops X Crps: Qua X Cpos
PS2 Quz % Ccopz * Crss: Que % Ccopz X Crps. Qne X Ciopz X Crssz Qnz X Coop: X Crps: Qe X Cpo.
PS3 Qus % Ccops % Crsss Qua X Ccops X Crpss Qs X Cpops X Crsss Qus X Coops X Crps: Qs X Cpos
PS4 Qns X Ccops % Crsse Qua X Ceops X Crpss Qne X Cops X Crsss Qns X Crops X Crpse Qus X Cpos
PS5 Qus % Ccops X Crsss Qus X Ccops X Crpss Qs X Ciops X Crsss Qus X Coops X Crpss Quns X Cpos
Pollution source/parameter TOC, TSS TOC, TDS CI', TSS Cl', TDS pH

PSI1 Qu: % Croc: X Crss: Qui X Crocs X Crps: Qua X Ceta X Crssy Qua X Cery X Crpsy Qua X pHy

PS2 Quz % Crocz ¥ Crss: Que ¥ Crocz ¥ Crps: Qne X Care X Crss: - Qne X Care X Crps: Qe X pH2

PS3 Qus % Crocs * Crss: Qus X Crocs X Crpss Qna X Cers X Crsss Qus X Ces X Crps: - Quns X pH;

PS4 Qns X Crocs % Crsss Qus X Crocs X Crpse Qne X Cers X Crsse Qna X Cepe X Crpsy Que X pHy

PS5 Qus * Crocs * Crsss Qus X Crocs X Crpss Qs X Cots X Crsss  Quns X Cois X Crpss  Quns X pHs

Notation: Q, flow rate from pollution source; PS, pollution source; PS1, El-Rahawy drain; PS2, Sabal drain; PS3, El-Tahrir drain;

PS4, Zawyet El-Baher drain; PS5, Tala drain.

were then classified into five categories, as follows:

¢ 0~24, poor water;
25~49, bad water;
50~69, medium water;

70~89, good water;
* 90~100, excellent water [14].

3. Results and Discussion
3.1. Physicochemical Analysis

Results of physicochemical analysis of water
samples collected along the Rosetta branch during the
four seasons are presented in the Appendix in Tables
Al and A2.

3.1.1 The pH Value

The pH value represents the master control
parameter for chemical and biological reactions in a
water body. The optimum pH for most aquatic species
ranges from 6.5 to 9 [15]. Tables A1 and A2 show that
pH values for all water samples collected along the
Rosetta branch were alkaline and within the
permissible limits. In the hot season, the growth of
aquatic plants in the Nile River increases the pH value
of water because plants consume carbon dioxide in the
photosynthesis process, which leads to increased
alkalinity of the water. On the other hand, during the
cold season, the phytoplankton consumes less carbon
dioxide, which leads to increased carbonic acid

(H,CO3) content in the water and, as a result, to
increased water acidity. The highest pH value (8.3)
was recorded at Station S; (upstream of the El-Rahawy
drain) during the summer season because, when water
alkalinity increases in hot weather because the aquatic
plants consume more carbon dioxide. The lowest
value (7.22) was found at Station S, (at discharge
point of the El-Rahawy drain) during the winter
season because water acidity increases in cold weather
as a function of increased carbonic acid content that
develops in the water when phytoplankton consume
less carbon dioxide. The data analysis showed that the
pH level along the study area did not adversely
affected by climate change or receiving discharge
from point sources located along the branch.

3.1.2 Turbidity

Turbidity is a water quality indicator measures
water transparency. In open water, turbidity results
primarily from suspended particles such as silt, clay,
fine sand, plankton, microbes, algae, and other
substances. These materials usually range in size from
0.004 mm (clay) to 1.0 mm (sand) [16]. Turbidity
values along the Rosetta branch ranged from 4.5 to
54 NTU (nephelometric turbidity unit) during all
seasons which exceeded the limits specified in Law
48/1982 and EPA standards (20 NTU) [12, 13]. The

highest values for this parameter were recorded at
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Stations S,, Ss (at discharge point of the Sabal drain)
and Sy4 (at discharge point of the Tala drain), as shown
in Tables Al and A2. The increase in turbidity
concentration at these stations is attributed to the
discharge of domestic, agricultural, and industrial
effluents from El-Rahawy, Sabal and Tala drains,
which increased the concentration of suspended solids
at the Rosetta branch. Because suspended particles
absorb more heat energy, rise in water temperatures
was also found at these stations as a result of high
turbidity. The production of DO can also decrease
because the rate of photosynthesis lessens as a result of
the turbidity which reduces the amount of sunlight
penetrating the water. High turbidity at Stations S,, Ss
and S;4 can affect surface fish populations by shifting
fish populations to species that feed on the river bottom.
High turbidity can also increase the cost of surface water
treatment for the drinking water supply [17].

3.1.3 Total Dissolved Solids

TDS can be defined as all organic and inorganic
dissolved substances that can pass through a filter
paper (2 um) when a sample of water is filtered. The
inorganic substances usually include potassium,
calcium, sodium, magnesium, chlorides, sulfates and
bicarbonates. The organic ions include hydrocarbons,
plant debris and herbicides, in addition, soil organic
materials such as fulvic and humic acids help to
comprise TDS [18, 19]. Tables Al and A2 show that
the TDS concentrations for all water samples collected
along the Rosetta branch are greater during summer
and winter than during spring and autumn. The
increasing rate of water evaporation in summer leads
to increased TDS concentrations in the water; During
the “winter closing” period, low water level results in
the elevation of TDS concentrations. The TDS
concentrations along the Rosetta branch fall within the
permissible limits specified by Egyptian Law 48/1982
and EPA standards (< 500 mg/L) [12, 13], except at
Stations S,, Si4 and Sy7 (at end of the Rosetta branch).

The increase in TDS concentration at Stations S, and

Si4 is attributed to the discharge of domestic,
agricultural and industrial effluents from El-Rahawy
and Sabal drains. On the other hand, the high value of
TDS at Station S;; is attributed to intrusion of
seawater, which is characterized by high TDS
concentration. Rise in water temperatures was also
found at Stations S, and S;4 as a result of high TDS
concentration. Many organisms can not survive in
high temperatures [20].

3.1.4 Fecal Coliform

FC, a harmful microbial contaminant, exists in
surface waters and may cause diseases such as
hepatitis A, gastroenteritis, dysentery, cholera and
typhoid fever [21]. The drinking water standard
requires that the FC bacteria be totally absent from
potable water [22]. FC bacteria can be found in
surface water as a result of discharge of domestic
sewage and animal wastes. Along the Rosetta branch,
FC values ranged from 450 to 2.496 x 10° CFU
(colony forming units)/100 mL during all seasons.
The highest FC values were recorded at Station S,
during all seasons due to the discharge of domestic
effluent from the El-Rahawy drain (Tables Al and
A2). The FC values for all water samples collected
along the Rosetta branch exceeded the permissible
limits specified by Egyptian Law 48/1982 and EPA
standards (< 1,000 CFU/100 mL) [12, 13], except at
Stations S; (upstream of the El-Tahrir drain), Sjo
(upstream of the Zawyet FEl-Baher drain), S;3
(upstream of the Tala drain) and S,7, due to the low
discharge of domestic wastewater at these points.

3.1.5 Dissolved Oxygen

DO measures the amount of oxygen dissolved in a
body of water, and adequate DO concentration proves
necessary for aquatic life and good water quality.
Oxygen is absorbed in water through photosynthesis,
surface water agitation and diffusion from the
surrounding air [23]. In the Rosetta branch, the
concentration of DO ranged from 2.5 to 7.21 mg/L.
More than 91% of the studied stations along the
Rosetta branch did not comply with permissible DO
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limits specified by Egyptian Law 48/1982 and EPA
standards (= 5 mg/L) [12, 13]; These excessive levels
resulted from discharge of untreated domestic,
agricultural and industrial wastewater to the branch.
The lowest DO concentrations were recorded at
Station S,, particularly in summer season, where
warm water holds more DO than cold water, as shown
in Tables Al and A2. The decline in DO concentration
at this point also occurs because of high organic and
inorganic matters, as well as because of the nutrient
load discharged directly from El-Rahawy drain. The
main problem is that most of the aquatic life can not
survive at concentrations below 3 mg/L of DO [24]. In
contrast, the highest DO concentrations were recorded
at the end of the Rosetta branch as a result of strong
Rosetta branch and the
Mediterranean Sea and as a result of the impact of the

mixing between the

prevailing winds from the Mediterranean Sea. Tables
Al and A2 also show the DO concentrations increase
during spring than during the other seasons; In spring,
more sunlight penetrates the water and phytoplankton
reproduce rapidly.

3.1.6 Biological Oxygen Demand and Chemical
Oxygen Demand

BOD quantifies the amount of oxygen consumed by
microorganisms over a 5-day period at a constant
temperature of 20 °C, and COD represents the amount
of oxygen consumed during the chemical
decomposition of organic materials under the effect of
strong oxidizing chemicals. Consumption of large
amounts of oxygen indicates the presence of large
amounts of pollutants in water [25, 26]. The water
quality standard specified in Egyptian Law 48/1982
and EPA standards for BOD and COD is 6 and
10 mg/L, respectively [12, 13]. The BOD and COD
values along the Rosetta branch ranged from 2.4 to
41 mg/L and from 8 to 63 mg/L, respectively, which
clearly exceeded the permissible limits. Tables Al and
A2 show that the highest BOD and COD values were
recorded at Stations S,, Ss and S;4, because of the

huge amount of domestic, agricultural, and industrial

wastewater discharged directly from El-Rahawy,
Sabal and Tala drains, all of which contain high loads
of organic matter which is undesirable for aquatic life.
High COD and BOD concentrations in surface water
can cause poor aeration conditions [27]. Tables Al
and A2 also show that BOD and COD concentrations
are greater during winter and summer than during
autumn and spring for all water samples collected
along the Rosetta branch; The BOD and COD
concentrations increase in the winter as a result of the
low water level during the winter period and increase
in the summer because of the increased rate of water
evaporation and the reduced amount of oxygen
dissolved in water.

3.1.7 Temperature

Temperature governs many important parameters in
rivers, including biological activity and growth: the
solubility of oxygen in water; and the kinds of
organisms, aquatic life and plants that can live in
rivers [28]. The change in water temperature occurs as
a result of weather conditions, discharges into the
river from pollution sources and groundwater inflows.
Along the Rosetta branch, the water temperature
values ranged from 16.4 to 28.4 °C during all seasons,
as shown in Tables Al and A2. The maximum water
temperatures, recorded in summer, occurred because
of the warm air temperatures and the direct exposure
to the sunlight. The highest temperature was recorded
at Station S,, which occurred because of the elevated
TSS concentration discharges from the El-Rahawy
drain—the suspended solids absorb heat energy,
resulting in a rise in water temperature. The main
problem is that organisms can not survive in high
water temperatures [20].

3.1.8 Total Suspended Solids

TSS can be defined as all particles suspended in
water that do not pass through a filter paper (2 pm)
when a sample of water is filtered. Suspended solids
usually include decaying plant matter, silt, clays,
animal matter and domestic

industrial wastes,

wastes [26]. Tables A1 and A2 show that, for all water
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samples collected along the Rosetta branch during all
seasons, TSS concentrations exceeded the permissible
limits specified by Egyptian Law 48/1982 and EPA
standards (< 20 mg/L) [12, 13]. Because Stations S,,
Ss and S;4 receive effluents from the EI-Rahawy,
Sabal and Tala drains, these sites yielded the highest
TSS values. The presence of high levels of TSS in
river can adversely affect the aquatic life and water
quality because suspended particles absorb heat from
sunlight, causing an increase in water temperature and
a decrease in oxygen production [20].

3.1.9 Total Organic Carbon

TOC, a measurement of the amount of organic
compounds in water, is often used for evaluation of
water quality [29]. Organic compounds in water are
either synthetic or naturally occurring. The synthetic
organic compounds include solvents, detergents, oils,
herbicides, fertilizers and pesticides, whereas the
natural organic compounds include tannin, humic and
fulvic acids [30]. TOC values along the Rosetta
branch ranged from 0.29 to 4 mg/L during all seasons,
as shown in Tables Al and A2. The highest values
were recorded at Stations S, and S;4, where these
drains receive a huge amount of agricultural, domestic
and industrial wastewater that contains a high load of
organic matter. High TOC concentration in surface
water can result in depletion of DO which adversely
affects the aquatic life [20].

3.1.10 Chlorides

Cl', or inorganic anions in freshwater and saltwater,
are derived from the dissociation of salts such as
calcium chloride or sodium chloride [31]. Potential
sources of chloride include groundwater, road salts,
wastewater effluent, fertilizers and industrial
discharge. Tables Al and A2 show that the chloride
values along the Rosetta branch ranged from 60 to
7,150 mg/L during all seasons. The highest values
were recorded at Stations S, (at discharge point of the
El-Rahawy drain), S;4 (at discharge point of the Tala
drain) and S;; (at end of the Rosetta branch). The

increase in Cl concentration at Stations S, and Sy4 is

attributed to the discharge of pollutants from
El-Rahawy and Tala drains at these stations. On the
other side, the high value of CI at Station Si; is
attributed to intrusion of seawater, characterized by
high CI' concentration. High CI concentration in the
river can make the water unsuitable for drinking and
can kill aquatic animals and plants [32].

3.1.11 Phosphates

In surface waters, phosphorus usually occurs in the
form of PO, .

contamination

Potential sources of phosphate

include fertilizers, soil erosion,

domestic sewage, industrial wastes and animal
wastes [33]. Tables Al and A2 show that PO,> values
along the Rosetta branch ranged from < 0.1 to
6.1 mg/L during all seasons. The highest values were
recorded at the discharge point of the El-Rahawy drain
(Station S,) (Tables Al and A2), due to receiving flow
from agricultural drainage water. The presence of a
high concentration of phosphorus and nitrogen in
surface water produces large quantities of algae and
aquatic plants. In consequence, the level of DO
decreases as the algae decay. The PO’ is normally
absorbed by the algae found in water or removed
through the direct adsorption onto the river bed
sediments. The results showed PO43 "~ concentrations
greater during winter; In cold water, the removal of
PO,> decreases because the algae grow slower in the
winter. The main concern is that most of the aquatic
life can not survive under low oxygen conditions [24].

3.1.12 Nitrate

NO;, an inorganic compound, consists of one
hydrogen ion attached to three oxygen ions. NO;3
does not harm human health unless converted to
nitrite  (NO, ) [34].
contamination include septic tanks, fertilizers, plant

Potential sources of NOj;
debris, domestic sewage and animal wastes [35]. NO3
values along the Rosetta branch ranged from 2.95 to
115 mg/L during all seasons, as shown in Tables Al
and A2. The highest values were recorded at the
discharge points of the El-Rahawy and Tala drains,
which receive large amounts of untreated and partially
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treated industrial and domestic wastewaters, in
addition to agricultural drainage water. For all water
samples collected along the Rosetta branch, results
showed NO; concentrations greater during winter and
spring than during summer and autumn; In cold water,
the nitrification rate (converting ammonium to nitrate)
may drop due to decreased microbial and bacterial

activity.
3.2 Correlation Matrix

The nature of correlations among the different
parameters is provided in Tables A3-A6 in the
Appendix. Results revealed negative correlations
between pH values and all studied parameters for all
seasons, except DO and temperature. Turbidity, BOD,
COD, TDS, TSS, TOC, FC, CI', PO, and NO;
values showed positive correlations with all selected
parameters for all seasons, except DO, pH and
temperature. Analytical results also showed a strong
positive correlation (r = 0.9999) between TDS and CI'
during all seasons. Negative correlations were found
between DO values and all studied parameters for all
seasons, except pH and temperature; This finding
indicates the important role of DO in improving water
quality and illustrated the extent of the link between
DO depletion and the bacterial water deterioration.
Strong positive correlations were found between COD
and BOD during all seasons. The analyses results
showed that fecal coliform, found in the Rosetta
branch as a result of discharge of domestic sewage,
constitutes the main cause of the poor water quality
along the branch. The increase in fecal coliform
concentration leads to an equivalent increase in TDS,
TSS, COD, BOD and TOC concentrations and to a

decrease in DO and pH levels.
3.3 Water Quality Index

The WQI, calculated seasonally at different points
along the study area, provided a simple indicator of
water quality at these points. Figs. 2-5 show the WQI
values at different stations along the Rosetta branch
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Fig. 2 Water quality index for collected water samples in
spring season.
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Fig. 3 Water quality index for collected water samples in
summer season.
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Fig. 4 Water quality index for collected water samples in
autumn season.
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Fig. 5 Water quality index for collected water samples in
winter season.

during all the seasons. The worst water quality
conditions were recorded during the winter and
summer seasons. The concentration of pollutants

increases in the winter due to decreased water flow
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during the “winter closing” period; In summer, the
elevated rise in water temperature leads to increased
rates of water evaporation and, thus, to an increase in
the concentration of pollutants. Results of the WQI
indicate that the El-Rahawy and the Tala drains
comprise the main sources of water pollution along
the Rosetta branch because of the large amount of
agricultural, domestic and industrial wastewater
discharges to those drains. Although water quality
upstream of the El-Rahawy drain was classified as
medium during all seasons, water quality downstream
of the El-Rahawy drain was classified as bad because
of discharge received from the drain. Also, upstream
of the Tala drain, the water quality was determined to
be medium during autumn, summer and spring, and to
be bad downstream from the Tala drain. The results of
the WQI also showed that FC constitutes the main
cause of the poor water quality along the Rosetta
branch. The increase in FC concentration leads to an
equivalent increase in turbidity levels and to a decrease
in DO concentration. Higher turbidity decreases the
rate of photosynthesis because the suspended particles
absorb more heat and reduce the amount of sunlight
penetrating the water; In turn, the decreased
photosynthesis leads to a decrease in DO production.

An improvement in water quality was observed at

Station Si7 (the end of the Rosetta branch), where the
FC concentration decreased as a result of the mixing
between the Rosetta branch and the Mediterrancan Sea.

3.4 Analysis of Variance

A two-way ANOVA was used to determine the
difference in the water samples collected from five
pollution sources and was based on eight parameters:
COD, BOD, TSS, TDS, TOC, DO, pH and CI.
Table 3 shows the flows from different pollution
sources along the Rosetta branch at different seasons,
and Table 4 provides results for the mass loading for
each parameter at different point sources. The null
hypothesis (Hy) states that there are no differences
between the means of the samples, while the alternate
hypothesis (H;) states that there are differences
between the means of the samples. The results of the
two-way ANOVA showed a significant difference in
the impacts of each pollution source in the mass
loading: As Table 4 indicates, the pollution source
p-value (1.25 x 10™*% was found to be significantly
less than 0.05 (5.0% chance that the null hypothesis
was true). In this case, the null hypothesis was
rejected in favor of an alternative hypothesis. A
significant difference was observed between the
impacts of each parameter on the mass loading: The

Table 3 Flow from different pollution sources along the Rosetta branch for different seasons.

Pollution source Flow (m®/day)

Season Spring 2013 Autumn 2013 Winter 2013 Summer 2013
El-Rahawy drain 1,900,000 2,000,000 1,950,000 1,850,000

Sabal drain 450,757 400,000 410,000 430,000
El-Tahrir drain 600,045 545,000 550,000 580,000

Zawyet El-Bahr drain 90,900 85,000 89,000 90,000

Tala drain 428,000 460,000 445,000 467,000

Table 4 Results of two-way ANOVA with replication at the Rosetta branch.

Sgggt:ieogf SSqSugs;:Sl; of df  MS (mean square) F-statistics p-value F-critical Hypothesis

Pollution source ~ 3.64E + 23 4 9.09E + 22 169.83 1.25E—-54 243 Alternate hypothesis (H;)
Parameter 3.11E+23 9 3.46E + 22 64.59 395E—-47 1.94 Alternate hypothesis (H;)
Interaction 5.10E + 23 36 1.42E + 22 26.47 1.26E—48 1.49 Alternate hypothesis (H;)
Within 8.03E +22 150 5.35E+20

Total 1.27E + 24 199
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parameter p-value (3.95 x 10™") was found to be
significantly less than 0.05, as shown in Table 4. In
this case, the null hypothesis was rejected in favor of
an alternative hypothesis. Also a significant difference
between pollution sources and their relationship to the
parameters were found: The F-value (26.47) exceeded
the F-critical (1.49), and the interaction p-value
(1.26 x 10748) was significantly lower than 0.05. In
this case, the null hypothesis was also rejected in
favor of an alternative hypothesis. The ranking of the
point sources in terms of participation in the mass
loading for all the studied groups was as follows: the
El-Rahawy drain, the Tala drain, the Sabal drain, the
El-Tahrir drain and the Zawyet El-Baher drain
(Table A7). For point sources, parameters, and the
interaction between them, the null hypothesis was
rejected in favor of the alternative hypothesis, and
then there is evidence that the differences in the means
are statistically significant (Table 4), which means that
each point source has a different effect in the Rosetta
branch water quality. The results revealed that the
El-Rahawy and Tala drains are the major sources of
water pollution along the Rosetta branch, where these
drains receive wastewater from agricultural, domestic

and industrial sources located along its path.
4. Conclusions

The results of the physicochemical analysis showed
that the worst water quality conditions were recorded
during winter and summer seasons because the water
flow decreases during the “winter closing” period,
leading to an increase in pollution levels, and because
the water temperature rises during summer, it leads to
an increased rate of water evaporation and, thus, to an
levels. The lowest DO

concentrations were recorded during the hot summer

increase in pollution
season, at which time the warmer water has less
capacity to hold DO than cold water. In contrast, DO
concentrations were lowest during spring than in the

other seasons; in the spring, more sunlight penetrates

the water, and phytoplankton reproduces rapidly. The
highest pollution levels were recorded at the discharge
points of the El-Rahawy, Sabal and Tala drains, which
receive large amounts of agricultural, domestic and
industrial wastes.

The calculated WQI showed medium water quality
upstream of the El-Rahawy and Tala drains and bad
water quality downstream of those drains because of
high levels of pollutants discharged from the two
drains. The results of WQI also showed that FC is the
main cause of poor water quality along the Rosetta
branch, which receives large amounts of untreated and
partially treated domestic wastewater from the
El-Rahawy, the Sabal and the Tala drains. Better
water quality was observed at the end of the
Rosetta branch, where the mixing that occurs between
the Rosetta branch and the Mediterranean Sea results
in increased DO levels and decreased FC
concentrations.

The results of ANOVA testing showed a significant
difference between the impacts of each point source
on the mass loading. The impact of each parameter in
the mass loading was found to be significantly
different. The results of ANOVA testing also showed
a significant difference in the relationship of each
parameter to the point sources. The ranking of the
drains in terms of their impact on the mass loading at
the Rosetta branch is as follows: the El-Rahawy, the
Tala, the Sabal, the EIl-Tahrir and the Zawyet
El-Baher.

It was concluded that El-Rahawy, Tala and Sabal
drains contribute most to water quality degradation
along the Rosetta branch due to a large amount of
domestic, agricultural and industrial wastewater
discharges to those drains. Because the El-Tahrir drain
does not receive domestic or industrial wastes, its
effect on the water quality is not significant. The
Zawyet El-Baher drain also has a minor effect
on the water quality due to its low flow rates from this

drain.
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Appendix

Table A1 The average values of physical and chemical analyses for water samples collected along the Rosetta branch at
different seasons (2013).

Sampling locations

Parameter Season S1 Sg S4, SG S7 Sg SlO SlZ S13 SlS SlG Sl7
Spring 11,653 950,326 119,316 131,142 7,195 6,895 450 7,358 618 61,659 5,165 705
FC Summer 15,569 1,298,045 165,654 259,568 17,587 17,357 735 14,987 986 79,567 7,282 1,001

(CFU/100mL) Autumn 9,526 854,629 112,659 147,659 8,756 8,700 528 8,865 487 47,659 5,489 634
Winter 17,000 1,010,625 136,978 213,657 14,365 14300 612 12,879 1,100 87,326 6,765 981

Spring  48.2 573 46.3 532 47.5 54 523 532 5087 526 434 38.7
TSS Summer 46.3 59.19 52.7 67.8 60.5 574 499 513 473 463 442 41.6
(mg/L) Autumn 36.4 39.8 32.8 3746 3632 40.74 3892 37.6 34.03 353 303 27.3

Winter 54.1 54.24 49.7 64.4 62.45 647 613 6095 585 552 46.65 41.16
Spring 230.2 279.5 2432 2555 2463 2504 2423 2414 230.7 2593 2109 11,065.3

TDS Summer 272.3  318.6 292.1  301.62 293.67 2953 2828 282.6 2745 3254 30543 12,210.2
(mg/L) Autumn 198.8  265.5 2415 2633 2364 2406 2232 2328 2304 267.6 1942 10,390.1
Winter 246.1 3423 280.6  313.4 285.1 290.1 259.1 273.6 269.1 3409 286.4 13,400.4
Spring 7.9 7.9 8.2 8.1 8.2 823 823 818 82 7.8 8.1 8.2
pH Summer 8.30 7.8 7.8 7.6 7.6 791 791 18 7.805 7.66  7.72 7.9
Autumn 8.22 8.1 8.12 7.90 8.1 8.1 815 8.16 82 7.9 8.2 8.22
Winter 7.98 7.81 7.81 7.78 7.88 8.1 795 792 798 782 82 8.05
Spring 11.2 29.9 26.2 27.6 25.7 273 246 245 221 304 217 12.1
COD Summer 18.825 32.6 26.83 284 243 294 274 293 273 368 324 22.45
(mg/L) Autumn 8.3 20.2 17.85 205 15.5 183 208 199 17.6 19.1 15.54 83
Winter 12.25 34.1 29.6 29.3 27.4 326 276 313 287 387 353 25.7
Spring 4.2 15.5 11.3 15.67 8.2 11.8 9.1 9.3 8.1 104 8.1 4.3
BOD Summer 9.3 20.98 16.586 21.6 14.1 164 142 146 11.7 16.1 12.3 7.1
(mg/L) Autumn 2.68 8.85 6.51 10.4 6.80 760 450 53 2.7 6.7 5.15 24
Winter 6.5 18.81 16.5 20.52 1590 173 151 154 141 193 16.4 10.8
Spring  0.43 1.49 1.42 1.6 1.4 1.3 124 139 12 1.75 1.45 1.25
TOC Summer 0.8 2.1 1.85 2.01 1.85 1.79 15 1.74 148 195 1.37 1.21
(mg/L) Autumn 0.29 1.25 1.1 1.07 1.04 096 091 093 0.8 1.05 09 0.64
Winter 0.70 2.15 1.7 1.84 1.79 1.43 124 13 1.27 1.6 1.26 1.11
Spring  7.21 5.35 52 4.45 4.41 483 4715 4.62 4.1 4.8 4.15 9.3
DO Summer 5.55 4.25 3.92 4.5 4.21 4.5 411 425 357 3.69 3.18 6.5
(mg/L) Autumn 6.01 5.6 52 4.9 4.75 4.6 442 455 448 435 38 6.6
Winter  6.64 4.72 4.69 4.09 4.06 445 434 425 38 442 415 7.6
Spring 6.2 14.5 9.5 26.5 11.8 9.5 7.5 9.5 8.3 253 95 7.3
Turbidity Summer 8.5 18.3 153 34.1 15.5 14.5 11.1 156 9.6 28.6 122 8.5
(NTU) Autumn 6.1 12.6 7.6 16.9 10.1 9.6 6.6 8.4 55 182 93 4.5
Winter 9.3 23.1 19.5 323 15.3 157 133 169 114 29.1 15.5 10
Spring  72.3 86.6 71.3 81.3 78.1 80.2 7593 757 742 808 7553 6,115.2
Cl Summer 80.08  90.1 75.2 88.37 81.6 773 765 7717 74.05 956 863 6,748.3
(mg/L) Autumn 65.2 78.1 77.6 83.3 81.7 7791 7444 756 69.8 76.16 72.6 5,742.6
Winter 83.28 97.2 90.8 91.9 89.4 84.4 793 831 802 984 89.1 7,150.4
NO;~ Spring 9.2 38.6 21.64 2475 203 2232 1511 17.62 104 285 1745 103

(mg/L) Summer 6.3 30.41 1545 19.6 1323 142 832 92 2.2 14.74 4.7 2.15
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(Table A1 continued)

Sampling locations

Parameter Season S; S;3 Sy Se S, So S10 S1i2 S13 Sis Sie Si7
NO;~ Autumn 3.35 35.6 19.67 22.1 16.55 17.6 10.8 11.7 4.1 17.14 6.3 3.55
(mg/L) Winter 11.2 414 27.9 3296 27.1 288 21.2 2314 156 397 2687 153
Spring <0.1  0.38 <0.1 <0.1 <0.1 <01 <01 <01 <01 015 <01 <0.1
PO, Summer 0.18 0.48 0.1 0.11 <0.1 <01 <01 <01 <01 041 0.105 <0.1
(mg/L) Autumn <0.1  0.26 <0.1 <0.1 <0.I <01 <01 <01 <01 018 <01 <0.1
Winter 0.15 0.64 0.11 0.12 <0.1 <01 <01 0.1 <0.1 033 <01 <0.1

Spring 23.79  24.15 2448 24776  24.6 243 2448 248 256 244 2445 228
Temperature Summer 27.21  27.63 27.6 27.8 28.3 284 277 283 283 279 284 272
(Celsius) Autumn 18.80 19.18 19.52  19.80 1959 1934 19.52 1956 1959 194 1949 183

Winter 17.0 17.36 17.69  18.5 1721 17.51 17.69 186 182 176 17.66 164

Table A2 The average values of physical and chemical analyses for water samples collected at discharge points of pollution
sources at different seasons (2013).

Sampling locations

Parameter Season S, Ss Ss Si1 Sia
Spring 1,816,359 250,145 915 17,500 547,986
FC Summer 2,496,385 402,698 1,469 29,568 812,568
(CFU/100 mL) Autumn 1,453,356 232,567 865 21,548 398,720
Winter 2,151,173 345,456 1,236 32,568 750,659
Spring 80.4 88.5 42.3 46.87 79.6
TSS Summer 84.6 94.3 51.2 61.2 101.3
(mg/L) Autumn 72.6 83.1 334 44.2 74.9
Winter 91.2 96.4 49.2 58.6 106.2
Spring 421.2 372.2 300.3 272.3 401.3
TDS Summer 506.3 392.3 346.5 300.4 501.4
(mg/L) Autumn 416.2 312.8 265.4 275.6 356.8
Winter 521.4 410.3 372.6 287.12 514.4
Spring 7.47 7.9 8.2 8.14 7.62
pH Summer 7.67 7.4 7.9 7.75 7.5
Autumn 7.3 7.82 8.21 8.2 7.7
Winter 7.22 7.676 8.1 7.85 8.05
Spring 54.4 443 30.3 24.5 38.3
COD Summer 63.3 48.1 38.4 33.1 56.8
(mg/L) Autumn 48.2 32.5 22.2 13.3 28.1
Winter 55.1 40.2 41.1 38.9 54.6
Spring 31.2 22.6 12.23 10.5 17.3
BOD Summer 41.3 29.2 17.5 15.6 25.8
(mg/L) Autumn 28.1 16.2 8.3 5.7 12.3
Winter 37.6 24.6 18.1 16.4 24.4
Spring 33 2.5 2.1 1.6 2.8
TOC Summer 4.5 2.7 2.4 2.6 3.8
(mg/L) Autumn 2.207 1.6 1.4 1.1 2.1
Winter 3.1 32 2.3 1.671 3.25
Spring 4.35 3.8 345 3.78 3.34
DO Summer 2.5 33 3.76 3.2 3.1
(mg/L) Autumn 3.62 4.1 4.12 3.86 4.025

Winter 3.3 3.56 3.1 3.56 4.1
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(Table A2 continued)
Sampling locations

Parameter Season S, Ss Ss Si1 Sis
Spring 323 38.2 6.8 13.5 30.3

Turbidity Summer 38.2 49.1 14.5 23.8 524

(NTU) Autumn 273 339 9.3 12.3 27.3
Winter 40.4 52.1 16.2 222 54.8
Spring 163.8 153.3 89.6 77.6 154.2

Cl Summer 149.6 115.2 77.5 80.8 170.3

(mg/L) Autumn 125.3 92.6 83.7 76.5 110.8
Winter 190.2 161.9 85.3 99.6 194.3
Spring 70.12 35.1 24.6 253 51.1

NO; Summer 47.88 26.2 15.7 16.4 30.4

(mg/L) Autumn 51.65 32.7 21.1 22.8 37.6
Winter 81.65 42.4 31.45 32.6 63.7
Spring 4.1 0.17 0.14 0.23 0.45

PO Summer 4.48 0.32 0.2 0.33 2.7

(mg/L) Autumn 3.85 0.14 0.15 0.19 0.6
Winter 6.1 0.25 0.19 0.34 <0.1
Spring 25.30 25.30 23.8 2491 25.20

Temperature Summer 28.40 27.90 28.2 27.9 28.20

(Celsius) Autumn 20.20 20.30 19.11 19.5 20.10
Winter 18.32 18.21 17.20 18.12 18.23

Table A3 Correlation coefficient matrix between water quality parameters for spring 2013.

Parameter COD BOD TOC TDS TSS DO pH Temp. CI Turbidity FC  NO;~ PO,

COD 1

BOD 0.96 1

TOC 0.93 0.89 1

TDS 0.37 0.29 0.13 1

TSS 0.84 0.83 0.76 0.28 1

DO -0.60 -046 -0.53 -0.77 -040 1

pH -0.67 -0.74 -0.64 -0.21 -0.71 0.15 1

Temp. -0.58 -0.54 -045 -0.71 —0.59 0.78 0.34 1

Ccr 0.37 0.29 0.14 0.99 0.28 -0.77 -021 -0.71 1

Turbidity 0.81 0.81 0.78 0.19 0.86 -038 -0.77 -0.54 0.19 1

FC 0.74 0.83 0.69 0.11 0.63 -0.12 -0.80 -0.26 0.11 0.55 1

NO;~ 0.90 0.92 0.90 0.24 0.78 -041 -0.83 -0.44 024 0.76 089 1

PO 0.71 0.78 0.68 0.07 0.52 -0.13 -0.63 -0.25 0.08 047 0.90 0.80 1

Table A4 Correlation coefficient matrix between water quality parameters for autumn 2013.

Parameter COD BOD TOC TDS TSS DO pH Temp. CI° Turbidity FC  NOs PO

COD 1

BOD 0.95 1

TOC 0.89 0.85 1

TDS 0.31 0.22 0.25 1

TSS 0.77 0.76 0.86 0.21 1

DO -0.61 -049 -0.62 -0.62 —0.53 1

pH -0.87 -091 -0.81 -0.20 -0.72 0.49 1

Temp. -0.55 -044 -0.59 -0.68 —0.57 0.75 0.51 1
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(Table A4 continued)
Parameter COD BOD TOC TDS TSS DO pH Temp. CI° Turbidity FC  NO;  PO;"
Cl 0.32 0.23 0.26 0.99 0.22 -0.63 -021 -0.69 1
Turbidity 0.78 0.81 0.81 0.23 0.89 -0.51 -0.83 -0.61 024 1
FC 0.79 0.84 0.70 0.11 0.54 -0.19 -0.76 -0.17 0.12 0.56 1
NO; 0.85 0.89 0.91 0.29 0.79 -0.44 -0.78 -0.48 0.30 0.80 0.83 1
PO, 0.81 0.86 0.67 0.07 0.54 -036 -0.82 -0.14 0.08 0.51 0.87 0.70 1
Table A5 Correlation coefficient matrix between water quality parameters for winter 2013.
Parameter COD BOD TOC TDS TSS DO pH Temp. ClI°  Turbidity FC NO;~ PO/
COD 1
BOD 0.87 1
TOC 0.85 0.87 1
TDS 0.19 0.27 0.22 1
TSS 0.60 0.62 0.68 0.50 1
DO -0.65 -0.64 —-0.56 —0.65 -0.75 1
pH -0.72 -0.85 —0.83 —0.20 -0.46 0.34 1
Temp. -0.51 -0.56 -0.50 —0.61 -0.52 0.68 0.57 1
Cl’ 0.19 0.27 0.22 0.99 0.50 -0.65 -020 -0.61 1
Turbidity 0.75 0.77 0.91 0.22 0.59 -043 -0.83 —0.60 022 1
FC 0.65 0.83 0.71 0.11 0.36 -026 -0.84 -0.31 0.11 0.57 1
NO; 0.90 0.95 0.90 0.24 0.58 -0.50 -0.90 -0.48 024 0.81 0.87 1
PO, 0.64 0.82 0.59 0.07 0.39 -0.29 -0.79 —-0.29 0.08 0.45 093 0.82 1
Table A6 Correlation coefficient matrix between water quality parameters for summer 2013.
Parameter COD BOD TOC TDS TSS DO pH Temp. CI Turbidity FC  NO; PO
COD 1
BOD 0.89 1
TOC 0.95 0.91 1
TDS 0.22 0.32 0.23 1
TSS 0.80 0.82 0.86 0.25 1
DO -0.76 -0.67 -0.70 -0.58 -0.54 1
pH -0.60 -0.58 -0.63 -0.16 —0.69 0.60 1
Temp. -0.52 -0.31 -0.55 -046 -046 0.71 0.53 1
Cl 0.23 0.33 0.24 0.99 0.26 -0.60 -0.16 -046 1
Turbidity 0.82 0.80 0.83 0.22 0.93 -0.62 -0.77 -043 023 1
FC 0.74 0.85 0.76 0.11 0.58 -0.51 -028 -0.07 0.12 0.51 1
NO; 0.83 0.95 0.90 0.29 0.79 -0.60 -049 -0.23 029 0.75 090 1
PO, 0.85 0.82 0.85 0.09 0.65 -0.50 -0.31 -0.30 0.10 0.61 0.88 0.81 1
Table A7 Interaction between organic and solid factors from different pollution sources along the Rosetta branch.
PS/ COD, COD, BOD, BOD, TOC, TOC, Cl, Cl, DO
TSS TDS TSS TDS TSS TDS TSS TDS ; pH
parameter mg*/L-day mg*/L-day mg*/L-day mg®L-day mg%L-day mg*/L-day mg’/L-day mg%L-day mg/day
PS1 77E+10 42E+11 4.0E+10 22E+11 34E+9 19E+10 77E+10 42E+11 28E+6 14E+7
PS1 14E+11 52E+11 8.0E+10 29E+11 42E+9 15E+10 1.1IE+11 39E+11 28E+6 15E+7
PS1 64E+10 3.1E+11 3.7E+10 18E+11 18E+9 84E+9 S8E+10 28E+11 21E+6 15E+7
PS1 S9E+10 2.7E+11 3.1E+10 14E+11 22E+9 1.0E+10 6.7E+10 3.1E+11 2.1E+6 14E+7
PS2 1.IE+10 3.7E+10 51E+9 18E+10 80E+8 29E+9 23E+10 8.1E+10 1.1E+6 3.6E+6
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(Table A7 continued)
PS/ COD, COD, BOD, BOD, TOC, TOC, Cr, Cr, DO

TSS TDS TSS TDS TSS TDS TSS TDS ; pH
parameter mg*/L-day mg*/L-day mg”/L-day mg”L-day mg*L-day mg*L-day mg*/L-day mg*/L-day mg/day
PS2 1.SE+10 49E+10 9.1E+9 3.0E+10 36E+8 12E+9 12E+10 40E+10 1.0E+6 3.1E+6
PS2 34E+9 3.0E+10 1.6E+9 1S5SE+10 48E+7 43E+8 3.0E+9 27E+10 9.0E+S5 32E+6
PS2 1.LIE+10 44E+10 69E+9 27E+10 1.7JE+8 6.6E+8 12E+10 46E+10 9.0E+5 3.6E+6
PS3 31E+9 1.1E+10 15E+9 54E+9 17E+8 6.1E+8 86E+9 3.1E+10 2.1E+6 S51E+6
PS3 S2E+9 18E+10 2.7E+9 94E+9 14E+8 48E+8 6.1E+9 21E+10 22E+6 48E+6
PS3 20E+9 74E+9 73E+8 28E+9 1.IE+8 41E+8 66E+9 25E+10 14E+6 45E+6
PS3 88E+9 3.0E+10 52E+9 18E+10 25E+8 85E+8 6. 7E+9 23E+10 14E+6 44E+6
PS4 75E+8 56E+9 3.6E+8 27E+9 20E+7 15E+8 59E+8 44E+9 23E+5 72E+5
PS4 23E+8 26E+9 12E+8 14E+9 66E+6 76E+7 22E+8 25E+9 36E+5 7.1E+5
PS4 S7TE+8 34E+9 27E+8 17E+9 93E+6 56E+7 56E+8 34E+9 33E+S5 7.0E+5
PS4 84E+8 S54E+9 39E+8 25E+9 13E+7 8.I1E+7 65E+8 42E+9 26E+5 6.8E+5
PS5 70E+9 70E+10 34E+9 35E+10 39E+8 39E+9 1.02E+10 1.02ZE+11 90E+5 33E+6
PS5 63E+9 13E+11 35E+9 7.1E+10 21E+8 41E+9 623E+9 124E+11 14E+6 37E+6
PS5 44E+9 82E+10 23E+9 42E+10 97E+7 18E+9 397E+9 734E+10 1.6E+6 34E+6
PS5 14E+10 69E+10 80E+9 4.1E+10 2.7E+8 138E+9 941E+9 476E+10 1.1IE+6 3.5E+6

PS: pollution source, PS1: El-Rahawy drain; PS2: Sabal drain; PS3: El-Tahrir drain; PS4: Zawyet El-Baher drain; PS5: Tala drain.



