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ABSTRACT

Water is one of the most important inputs for economic development. Management of water quality and
control of water pollution and environmental protection are major issues to sustain living conditions.
Recently, pollution of the Nile has increased due to increasing of population and related anthropogenic
activities. Moreover, Egypt has been listed among the ten countries to be scarce of water by the year
2025 due to the rapidly increasing population. In this study, evaluation of water quality was carried out at
two different governorates Dakahlia and Damietta. To evauate the water quality of the Nile River-
Damietta branch, twenty four water samples have been collected and analyzed for its physico-chemical
characteristics including some heavy metals. Data obtained revealed the presence of high concentration
of BOD, COD, ammonia, nitrite, nitrate and phosphate as well as dissolved organic matter in the Nile at
Damietta district compared to Dakahlia district. In the mean time, measured heavy metals (Fe, Mn and
Pb) were recorded in high concentration than permissible limits of Egyptian and WHO standards.
Consequently, concentrations of major chemica elements in the Nile water were correlated with the
distance downstream from the source of the river, with water in the upstream reaches of good quality, but
were relatively polluted at the estuary, supported by the results of water quality index (WQI). Therefore,
evaluation of water quality and its management isin need to be done at regular intervals.
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INTRODUCTION

Today the competition for scarce water resources is
intense at many places al over the world. Many river
basins do not have enough water to meet all the demands
or even enough for their rivers to reach the terminal lake
or sea (Liu and Xia, 2004). Water pollution is one of
major world environmental problems, which results from
increased population growth, urbanization, and indust-
rialization since the 1990s (Chapman, 1996; Ma et al.,
2009). Where, rivers worldwide serve as the recipients
of great quantities of waste discharged by agricultu-
ral, industrial and domestic activities (Ravindra et al.,
2003; Muller et al., 2008).

The Nile River is considered as the main source of
freshwater in Egypt. Egypt is unique among other
countries in its dependence on very confined share of the
surface water of the Nile River. The 1959's Nile water
agreement with Sudan, allocates 55.5 BCM (billion cubic
meters)/ year to Egypt (MWRI, 2010).

Nile River has been used in a variety of purposes
including drinking (domestic) water supply, agricultural
irrigation, industrial uses, fisheries, navigation, recr-
eation and others. Water requirements in Egypt are
continuously increasing due to growing population,
increasing urbanization, industrialization and the rapid
agricultural growth. Demands for the agricultural sector
represent the largest component (about 80 %) of the total
water demand in Egypt. By the year 2020, water
requirements will most likely increase by 20% (15
BCM/yr) (MWRI, 2010). Moreover, al water uses
require that water quality falls within permissible
standards specified to that use.

Nile Water pollution is considered one of the greatest
water-related challenges facing Egypt which may be
attributed to increase agriculture projects, urbanization
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and industrial developments (Ali et al.,, 2011). As
the urbanization and industrial process continues, water
pollution problems have become increasingly evident
and have led to serious ecological and environmental
problems.

The cost of the environmental degradation due to water
pollution is relatively high with serious health and
quality of life consequences; as well as increasing the
severity of water scarcity problems. Hence, Increasing
water pollution causes not only thedeterioration of
water quality but also threatens human health and the
balance of aguatic ecosystems, economic development
and social prosperity (Zyadah, 1996). The closed water
system of Egypt makes it more vulnerable to quality
deterioration in a northward direction toward the Nile
Delta (Abdel-Dayem, 2011).

The water quality of Lake Naser and the main stem of
the Nile River from Aswan to Cairo are relatively good;
with traces of pollutant below the levels set in the
quality standards set by Law 48 (Abdel-Dayem, 2011).
However, water quality in the irrigation and drainage
canals deteriorates downstream and reaches alarming
levelsin the Nile Delta (Rosette and Damietta branches).
Damietta Branch of the Nile receives polluted water
of a number of agricultural drains, industrial effluents,
domestic sewage as well as urban runoff (Abdel
Wahaab and Badawy, 2004; El-Ezaby et al., 2010).

Consequently, management of water resources as well
as monitoring of water quantity and quality have been
considered as a national responsibility for achieving
sustainable development in Egypt. In order to address the
pollution problem, it was considered necessary to
understand the characteristic of the Nile River system
and analyze its water quality. Comparing the obtained
results with International and Egyptian standards will
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give an idea about how pollution affects the system.
Therefore our study was designed to assess the water
quality in 24 Sites allocated in Damietta Branch of the
Nile (both Dakahlia and Damietta districts) through
analysis of the physio-chemical characteristics of water
and calculating water quality index.

Study area and hydrogeology

The Nile River is considered as one of the longest
rivers in the world. It has a total length of about 6700
km; its length inside Egypt is approximately 1352 km.
The Nile River travels 940 km behind the Aswan High
Dam, and divides at EI-Qnater barrage, into two
branches, the Rosette branch which occupied the western
and the eastern branch is Damietta.

The Nile Delta is enclosed between the two branches.
The Nile Delta holds ecological and economic values
and is a maor centre of population and agriculture
(Elewa, 2010). Damietta branch begins at the Delta
Barrage and ends 220 km downstream at Damietta Dam
near Damietta city (APRP, 2002).

The Nile River passes through several climatic zones
and various geologic settings. Consequently the Nile has
the highest dissolved salt content of any of the African
rivers (Dekov et al., 1997). Construction of the Aswan
High Dam in 1960's and increased human activities in
the Nile valley have dramatically changed the chemistry
and mineralogy of the river flux. For instance, most of
the sediments carried by the river are entrapped behind
the dam and consequently resulted in coastal erosion,

wetland loss and salt water intrusion (Elewa, 2010).

The Nile River drains of the African content; it extends
from the equatoria climate around Lake Victoria to the
Mediterranean climate at its delta. The source of the Nile
River is Lake Victoria, but the drainage basins of these
great rivers include the rivers that flow into lakes of
Victoria, George, Edward and Albert.

Some tributaries join the main stream of the river in
its upper reaches and above Khartoum the river is known
as the white Nile (descends over 500 m from the east
African plateau to the Sudan plains), the blue Nile
draining the high lands of Ethiopia, joins the white Nile
at Khartoum (Ahmed and Ismail, 2008).

MATERIALSAND METHODS
Monitoring of the river water quality isvery important
for the management of water resources in the drainage
basin of the Nile River. Water samples were collected
from the Nile River during May 2010 and tested
for physical qualities and chemical contents.

The samples were collected from 24 sampling stations
along the main flow of the River in both Dakahlia and
Damietta districts (Fig. 1) starting from upstream near
Banha to downstream near Ras El-Bar. Of the 24
sampling stations, 21 sample sites represent Nile River at
Dakahlia and Damietta regions, the rest of sample sites
(three sites) represent the Nile Estuary. Geographical
location of samples has been recorded using global
positioning system (GPS). Water samples were collected
from the central area of each site at depth of 20 — 30 cm.

o
30”54 31%¢

30%2

Suez Canal

Legend: ) Ismailia
4  Sample location "
, m City
7
(-]
= 0 50 100 Km
30%s4' 31%¢6" 31%8 31%30" 31%2 31%54° 32%¢' 32%18

Figure (1): Geographic map of the Nile River (Damietta Branch) indicating location of the 24 sampling stations (stations 1 - 12 at

Dakahlia Governorate, 13 - 24 at Damietta Governorate).
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In situ measurements of pH / temperature were
performed using a pH meter (model HI 8314, Hanna
Instruments Ltd). Conductivity, TDS and salinity were
measured using Sensions Portable Conductivity Meter
(Hach). Dissolved oxygen (DO) was fixed in the field
and measured back in the laboratory along with
biochemical oxygen demand (BOD) after 5-days as
incubation period. Standard methods were adapted for
the analysis of various water quality parameters;
according to the Standard Method for the Examination
of Water and Wastewaters of the American Public
Health Association (Adams, 1990; APHA, 2005).

Water quality parameters analyzed in the laboratory
were turbidity; chloride, DO, BOD, chemical oxygen
demand (COD), dissolved organic carbon (DOC),
ammonium, nitrite, nitrate, total nitrogen content,
phosphate, total phosphorous, silicaand some heavy
metal (Fe, Cu, Pb, Mn, Cd and Zn). Collected water
samples were filtered with Whatman GFF back in the
laboratory before analysis of DOC, DON and nutrients.
Heavy metas were determined using flame atomic
absorption  spectrophotometer.  Dissolved  organic
nitrogen (DON) was calculated as difference between the
measured total dissolved nitrogen (TDN) and inorganic
nitrogen. In the same manner, dissolved organic
phosphorus (DOP) was calculated through subtraction of
the measured reactive phosphate from total dissolved
phosphorus. In recent years; water quality assessment
has been performedon the basis of water quality
standards for surface water. The water quality index
(WQI) is a simple mathematicahk mode used to
transform large quantities of water quality data into a
single number which summarize different water quality
characteristics (Smith 1990; Gupta et al., 2003).

The WQI proposed in this work is composed of some
measurable parameters namely; temperature, pH,
turbidity, DO, BOD, COD, ammonium, nitrite, nitrate,
and total phosphorus; based on the consulting a wide

range of literature reviews (Pesce and Wunderlin, 2000;
Gupta et al. 2003; Simoes et al., 2008; Seilheimer et al.
2009). The water quality index was calculated for each
sampling point using the following empirical equation in
order to evaluate water quality (Pesce and Wunderlin,
2000).

2i Giw;

WOI =k
N 2iW

(1)

Where, k is a subjective constant representing the
visual impression of river water quality. WQI is usually
ranges from 25 (highly polluted water) to a maximum
value of 100 (excellent water quality). Ci is the value
assigned to each measured parameter after normaliz-
ation on a scale from 0 to 100 (Table 1). Zero indicates
water that is not suitable for the intended use and 100
represents perfect water quality.

Wi isthe relative weight assigned to each parameter. A
maximum weight of 4 was assigned to parameters of
relevant importance for aquatic life such as DO and
ammonium, while the minimum value (unity) was
assigned to parameters with minor relevance such as
temperature and pH (Sanchez et al., 2007). These
normalized values are then calculated into a statement
of water quality depending on equation (1), which
represented as excellent, good, medium, bad and very
bad. In this work, the constant k was not considered in
order not to introduce a subjective evaluation (Stambuk-
Giljanovic, 1999).

RESUL TS AND DISCUSSION
The initial evaluation of the obtained results has been
carried out via the comparison of data of the current
study with the Egyptian Environmental Regulations Law
No. 48 of 1982 (Table 2). The physico-chemical
characteristics provide fair idea of the water quality for
any water body.

Table (1): Parameters considered in the water quality index calculation adapted from (Pesce and Wunderlin, 2000),

(Sanchez et al., 2007) and (Simoes et al., 2008).

Parameters Wi Normalization factor Ci
0 10 20 30 40 50 60 70 80 90 100
pH 1 1-14 2-13 3-12 4-11 5-10 6-95 65-7 7-9 7-85 7-8 7
Temperature 1 >45/<-6 45/-6 40/-4 36/-2 32/0 30/5 28/10 26/12 24/14 22/15 21/16
Turbidity 2 >100 <100 <80 <60 <40 <30 <25 <20 <15 <10 <5
DO 4 <1.0 21.0 >2.0 >3.0 >3.5 >4.0 >5.0 >6.0 >6.5 >7.0 27.5
BOD-5 3 >15 <15 <12 <10 <8 <6 <5 <4 <3 <2 <05
COD 3 >150 <150 <100 <80 <60 <50 <40 <30 <20 <10 <5
Ammonium 4 >125 <125 <100 <0.75 <0.50 <0.40 <0.30 <0.20 <0.10 <0.05 <0.01
Nitrite 2 >1.00 <1.00 <0.50 <0.25 <0.20 <0.15 <0.10 <0.05 <0.03 <0.01 <0.005
Nitrate 2 >100 <100 <50 <20 <15 <10 <8.0 <6.0 <40 <20 <05
T. Phosphorus 1 >0.30 <030 <020 <0175 <015 <0.125 <0.10 <0.075 <005 <0.025 <0.025

All values, except pH and temperature, in mg/l; Wi isthe relative weight.
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Table (2): Egyptian standard regularities of article 60 —
law No. 48/1982 regarding minimum standards for the
water quality of the Nile River.

Egyptian Egyptian
Parameter Regulation Parameter Regulation
(mg/) (mg/)
Temperature Oversu(s;al by Nitrate 45
pH 70-85 Iron 1
TDS 500 Manganese 0.5
DO >=5 Copper 1
BOD 6 Zinc 1
COD 10 Cadmium 0.01
DON 1 Lead 0.05
Ammonium 05

Physico-Chemical Characteristics

The surface water temperature of the collected water
samples ranged from 22.1 to 29 °C; the variation is
associated with sampling time. Temperature is basically
important for its effects on certain chemical and bio-
logical reactions taking place in water and aguatic
organisms (Chapman ,1996).

It depends upon different parameters such as
theseason, time of sampling and aso upon the
temperature of waste water effluentswhich added into
the river. Temperature affects the solubility of gases in
water such as oxygen. Elevated temperature can
adversely affect the aquatic flora and fauna.

pH is an important indicator of water quality and the
extent of pollution (Jonnalagadda and Mhere, 2001).
The water in Nile River was dlightly alkaline throughout
the study area; with an average value of 8.11. The
minimum pH value was7.73 and recorded at Site 17.
However, maximum pH was 8.8 and recorded at Site 24.
This data is in agreement with data recorded by
(Chapman, 1996), in which the suitable pH range for the
growth of aguatic life ranged from pH 6.5to 9.

Electrical conductivity (EC) measured in the collected
samples revedled that the EC increased along the
downstream of the river. The EC values ranged from 308
to 469 pus/cm for fresh water samples (1 - 21); whereas
average values for saline water samples (sites 22 to 24)
was 52.1 x 103 ps/cm. Total dissolved solids (TDS) are
composed of carbonates, bicarbonates, chlorides, sulp-
hates, phosphates and nitrates of Ca, Mg, Na, K, and Mn
and organic matter, salts and others particles.

TDS values for fresh water samples were in the range
of 170 - 248 mg/l; with average highest value of 35.7 x
103 mg/l for sdine water samples. Turbidity values
ranged from 0.74 to 6.6 NTU, with average value of 2.53
NTU. It is shown that, the turbidity values of all water
samples collected lies in the normal ranges of natural
water. Chloride is an inert tracer denoting freshwater
inputs and provides information on physical processes
especialy evaporation occurring during recharge and
time-dependent flow.

In the present study average concentration of chloride
was 22.4 mg/l for freshwater samples and 24.4 x 103
mg/l for saline water samples. Highest values of 40.7
mg/l, 248 mg/l, and 313 pg/l for chloride, TDS and
ammonium, respectively were observed at sampling site
14 (out of freshwater samples), which might be due to
input from agriculture drainage. Ma et al., (2009)
reported that high chloride concentration in water along
with  ammonium nitrogen indicates the presence
of organic waste in water, primarily of animal origin.

Organic Matter Indicators(DO, BOD and COD)

Dissolved oxygen is one of the important parameter in
water quality assessment. It is essential to maintain
variety of forms of biological life in the water including
aquatic fauna and flora. In the present study, the
minimum recorded value of DO was 5.46 mg/| at Site 24
where maximum value was 9.5 mg/l recorded at Site 10
(Fig. 2).

The level of dissolved oxygen recorded in our sample
from the river should be able to support good fauna and
flora. It was reported that a minimum of 5 mg/l dissolved
oxygen is necessary for hedthy fish and other
aquatic life (Chapman, 1996). Relatively higher DO
values were reported for water samples collected from
Dakahlia district; reflecting a better water quality of this
region compared to downstream of Damietta region
(Fig. 2).

DO is regulator of metabolic activities of organisms
and thus governs metabolism of the biological
community as a whole and also acts as an indicator of
trophic status of the water body. Dissolved Oxygen is
generally reduced in the water due to respiration of biota,
decomposition of organic matter, rise in temperature,
oxygen demanding wastes and inorganic reducing agent
such as hydrogen sulfide, ammonium, nitrites, ferrous
iron, etc (Sanchez et al., 2007).
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Figure (2): Concentrations of DO, BOD and COD (mg/l) in

water samples collected from the Nile River, Damietta
Branch.
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Biochemical oxygen demand is an important pollution
indicator that reflects the load of organic waste. In our
study, values of BOD ranged from 1.54 to 5.40 mg/l,
with higher values towards downstream of Damietta
region. When organic matter in water is decomposed by
aerobic microorganisms, the amount of biologically
adsorbed oxygen increased.

Chemical oxygen demand concentrations in the
collected freshwater samples ranged from 3.78 to 28.9
mg/l. COD gives us a reliable parameter for judging the
extent of organic pollution in water COD is the measure
of the oxygen required for chemical oxidation of organic
matter.

In concern to our study, relatively higher values of
BOD and COD were reported for water samples
collected from Damietta district compared to those
collected from Dakahlia district (Fig. 2). Higher BOD
and COD values reflects high load of organic matter due
to increased level of pollution in aguatic ecosystem of
the Damietta region, which adversely affect the water
quality. Average high COD/BOD ratio of 6.65; indicates
that high percentage of organic matter might be
resistance to microbial degradation.

Nutrients

Nutrients such as nitrogen and phosphorus (N, P) are
essential macro-nutrients for the growth of agquatic fauna
and flora; but excess inputs of nutrients can lead to
eutrophication problems (Varol and Sen, 2012).

The average concentration of ammonium in the
collected water samplesis 124 mg/l with highest value of
313 mg/l reported at sampling Site 14 (Fig. 3).
Ammonium is mostly produced by decomposition of
organic matter and by hydrolysis of urea (El-Sheltawy et
al., 2007). Relatively higher values of ammonium were
reported for water samples collected from Damietta
digtrict; reflecting anthropogenic sources of pollution
downstream in the region of Damietta governorate
(Fig. 3). Generally, the presence of high levels of
ammonium is an evidence of sewage inflow into a water
body.
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Figure (3): Concentrations of nitrogen species (ug/l) in water
samples collected from the Nile River, Damietta Branch.
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Nitrate is the final stable form of oxidation / decaying
of organic matter from domestic, industrial and
agricultural sources. Average nitrate concentrations in
the collected water samples was 189 pg/l, with highest
value of 363 pg/l recorded at site 24.

As shown in figure (3) nitrate levels increased from
upstream towards downstream; reflecting good water
quality of the Nile at Dakahlia governorate, whereas the
Nile at Damietta district might be subjected to various
sources of water pollution.

Nitrite is an intermediate compound in both the
oxidation (nitrification) of ammonium to nitrate and
reduction (de-nitrification) of nitrate to nitrogen gas.
Nitrite concentrations in the Nile River ranged from 0.42
to 58.4 pg/l; with average value of 19.9 pg/l. Nitrite is
not stable and its presence in higher concentrations
generaly indicates that changes are in progress
(Awadallah and Moalla, 1996).

Inthe present study, phosphate values ranged from
8.46 to 93.02 pg/l; with average value of 31.2 pg/l
(Fig. 4). Total phosphorus in collected water samples
ranged from 50.7 to 116 pg/l. Generaly, mgjor anthrop-
ogenic sources of phosphate in water are domestic
sewage, agriculture effluents and industrial waste waters.
Reactive phosphate is easily utilized by primary
producers (Monbet et al., 2009).

Relatively higher values of phosphate and total
phosphorus were reported for freshwater samples
collected from Damietta district; compared to those
collected from Dakahlia district (Fig. 4). Highest values
of ammonium, phosphate and total phosphorus were
reported at station 14; reflecting agricultural drainage at
thissite.
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Figure (4): Concentrations of phosphorus species (ug/l) in
water samples collected from the Nile River, Damietta
Branch.

Silica concentrations in the collected water samples
ranged from 0.75 to 2.6 mg/l (Fig. 5). Silicate is
an essentia limiting nutrient for growth of diatoms, the
rigidity of plant and fish tissues (Robards et al., 1994).
The major source of dissolved silica in river is
the weathering of rocks and minera in the catchments
area. Although, silica is quite abundant on the earth,
however dlicates remain deficient in  water.
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Dissolved Organic Matter (DOC, DON AND DOP)
DOC concentrations in water samples collected from
the Nile (Damietta Branch) ranged from 1.40 to 6.52
mg/l, with average value of 3.35 mg/l (Fig. 5). Relatively
higher values of DOC reflect high organic load due to
extensive anthropogenic activities within the study area.
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Figure (5): Concentrations of silica and DOC (mg/l) in water
samples collected from the Nile River, Damietta Branch.

DON concentrations in the collected water samples
ranged from 148 to 671 pg/l; with average value of 246
ug/l. As shown in figure 3, highest values of DON were
recorded for saline water samples collected from
downstream at Damietta City (sites 22, 23 and 24). The
enhanced DON values for the Nile Estuary at Damietta
region might be attributed to sewage discharges, boating
activities and other anthropogenic activities. Values of
DOP in the collected water samples ranged from 18.8 to
65.8 ug/l, with average concentration value of 42 pg/l.

The amount of DON as a percentage of TDN pool
was ranged between 23.9 and 71.5 % for the Nile,
Damietta Branch. Percentages of DOP/TP of the
collected water samples were in the range 20.1 - 84.6 %

(Fig. 6).
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Figure (6): The percentage of DON/TDN and DOP/TP in
water samples collected from the Nile River, Damietta
Branch.

Lower percentage values of DON/TDN and DOP/TP
recorded for fresh water samples collected from the Nile
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at Damietta district (sites 14 - 21) may be due to higher
values of ammonium and phosphate at these locations
consequently. Hence, considerations of DON and DOP
biogeochemistry in water quality assessment and moni-
toring are essential as the omission of DON and DOP in
natural water studies will result in underestimation of N
and P load and subsequently result in an underestimation
of eutrophication pressures on local and regiona aguatic
environment (Bronk, 2002).

Water Quality Index

WQI promotes adequate classification of water
quality and alow the public and decision makers to
receive water quality information (Pesce and Wunderlin,
2000). According to Sanchez et al., 2007, WQI is
classified as follows: 0 - 25 (very bad), 26 - 50 (bad), 51
- 70 (medium), 71 - 90 (good) and finally 91 - 100
(excellent). Figure 7 shows, the water quality index
calculated using equation 1. Normalized factors are
described in Tablel. WQI indicates better water quality
of the Nile water at Dakahlia district (WQI ranges 85 -
92) than water quality of the Nile at Damietta district
(WQI ranges 73 - 85).
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Figure (7): Vaues of water quaity index (WQI) in water
samples collected from the Nile River, Damietta Branch.

Lowest values of WQI were reported at sampling site
14 as well as estuarine water samples (22 - 24). Overal,
the results of WQI indicate that the Nile water quality of
the studied area classified as good (WQI average 85).
(Sanchez et al., 2007) revealed an acceptable level of
water quality (medium to good of WQI) for the
Manzanares River and the Paris Park watersheds.

The current values of WQI (73 - 92) are higher than
WQI values (62 - 76.5) reported by El-Ezaby et al, 2010;
indicating the improvement of water quality with time
after removal of fish cages. Thus the use of WQI can
give a significant indication of the Nile water quality and
keep tracks of any changes overtime.

Heavy Metals
Living organisms require trace amounts of some heavy
metals, whereas excessive levels could be detrimental
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(Muller et al., 2008; Varol and Sen, 2012). Heavy metals
can enter rivers and streams from different sources,
including natural and anthropogenic sources within the
catchments and directly from effluent discharges.

Determined concentration of iron (Fe) in the water
samples for the present study ranged from 0.168 to 2.78
mg/l with average value of 0.836 mg/l. The recorded
higher values of iron exceeded the permissible limit of
iron(1 mg/l) recommended by Egyptian standards
(Article 60 -law No. 48/1982). However, manganese
(Mn) concentrations in the collected water samples
ranged between 0.533 to 1.17 mg/L with an average
value of 0.912 mg/l. The measured Mn concentrations
were found to be within the range of permissible limit (1
mg/l).

The values of copper (Cu) concentrations in the
collected water samples ranged from 0.022 to 0.217
mg/l. Lower concentration of copper may be due to its
tendency to form complexes with organic matter, where
about 90% of Cu in water could form a complex with
humic matter (Zyadah ,1996). Zinc (Zn) concentrations
ranged from lower value of 0.07 mg/l to higher values up
to 0.975 mg/l with an average value of 0.449 mg/l.
From the hydro-biological point of view, the relative
decrease in zinc concentration may be attributed to the
decrease in the decomposition rate of organic matter and
the consumption of this metal by phytoplankton. The
mean value of cadmium (Cd) concentrations averaged
0.132 mg/l, and ranged from 0.012 to 0.463 mg/l.
However, these values exceed the alowable limits of
cadmium (0.01 mg/L). The higher values recorded for
cadmium may be due to agricultural, domestic and
industrial wastewaters discharged into Nile River. It was
found that 70-90% of Cd in a fresh water stream was
present as the free hydrated ion or other liable
complexes. In general, a high proportional of Cd is
usually associated with organic matter, particularly
humic acid (Giller et al., 1998). Lead (Pb) concentrations
in the collected water samples ranged from 0.118 to 1.54
mg/l, with average value of 0.34 mg/l. The reported lead
values in the current study are much higher than the
permissible limit where, the standard limit of lead for
domestic and irrigation water is 0.05 mg/L. It was found
that the potential pollutants resulting from industrial
drainage, domestic sewage, agricultural drainage and
urban runoff lead to increase of heavy metal concent-
ration in water.

Correlation Coefficientsfor Water Parameters
Correlations (Pearson’s product moment) between
pairs of water quality parameters were calculated using
SPSS in order to identify datisticaly significant
correlations (at the 95 - 99% confidence level), and thus
aid interpretation of the data (Table 3). Significant
positive correlations between pairs of water quality
parameters mean proportional relationships. However,
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significant negative correlations reflect interlocking and
counteraction between the measured parameters; one
variable tends to decrease as the other increases
(Awadallah and Moalla,1996; Wu et al., 2012).

As shown in Table 3, a significant positive correlation
(99% confidence) was observed between salinity (TDS)
and organic matter indicatorsincluding BOD (r = 0.772),
COD (r = 0.613), DON (r = 0.954) and DOP (r = 0.615);
supporting the observation of high concentrations of
these parameters in the Nile Estuary at Damietta region.
In the same manner, higher concentrations of nitrate,
copper, cadmium and lead in the Nile Estuary at
Damietta reflect the significant positive correlation
between salinity (TDS) and these parameters.

A significant negative correlation (r = - 0.441, 95%
confidence) was observed between dissolved oxygen
(DO) and sdlinity (TDS), supporting the fact that the
concentrations of dissolved oxygen decrease with
increasing salinity. A significant positive correlation was
reported between turbidity and iron (r = 0.662, 99%
confidence) which might be due to the colloidal
behaviour of iron with suspended matter.

A weak but significant negative correlation was found
between pH and ammonium (r = -0.465, 95%
confidence). That might be due to the fact that in acidic
water, ammonia (NHs3) reacts with water to create
ammonium ions (NH,") and hydroxyl (OH") ions. When
water is basic, the reaction goes in the opposite way;
ammonia (NHz) and water (H,0) are separately released
via gplitting of hydroxyl ions (OH) from ammonium
(NH,". Generally, ammonia (NHs) is much more toxic
to aguatic biota than ionized form of ammonium (NH,").

Significant positive correlations (99% confidence)
were found between phosphate and inorganic nitrogen
species namely ammonium, nitrite and nitrate (r= 0.751,
0.812, and 0.558 respectively). Since phosphorus and
nitrogen are plant nutrients, they are important
ingredients in fertilizers. As rain water washed off
fertilized fields, some of the phosphorus and nitrogen are
carried into streams and rivers, contributing to
eutrophication.

Aquatic organisms involved in biological processes
reguire phosphorus and nitrogen for reproduction and
synthesis of new cell tissue. Similarly, significant
positive correlations (99% confidence) were found
between silica and other nutrients species including
phosphate (r= 0.932), ammonium (r= 0.627), nitrite (r=
0.844) and nitrate (r= 0.541).

Significant negative correlations (99% confidence)
were found between DO and nitrogen species namely
TDN, ammonium and nitrate (r = -0.624, -0.547 and -
0.539 respectively). In aerobic conditions, nitrogenous
compounds are biologically oxidized to ammonium,
nitrites and nitrates minimizing the dissolved oxygen
content in the aquatic environment.
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CONCLUSION

Physico-chemical characteristics of water including
dissolved organic matter, nutrients and heavy metals
were measured in water samples collected from the Nile
River (Damietta Branch) to assess its quality. Relatively
higher concentrations of BOD, COD, nutrients
(ammonium, nitrite, nitrate, and phosphate), dissolved
organic matter (DOC, DON) and some heavy metals
(iron, manganese, and lead) were reported for water
samples collected from the Nile at Damietta district,
compared to those collected from the Nile at Dakahlia
district.

The obtained results indicate relatively better water
quality of the Nile up stream at Dakahlia Governorate.
Whereas, the Nile at Damietta Governorate is subjected
to various sources of pollution such as domestic waste
water, industrial discharge, agricultural drains and the
undesirable habits of the local people. Thus, the Nile
River in the vicinity of Damietta City is under pollution
stress from various anthropogenic activities.

The Nile River is the main source of freshwater in
Egypt and its water should satisfy the needs of constantly
growing population. Protecting and managing the Nile
River in the study area is important for achieving
sustainable development of natural resources. Protecting
water resources can be achieved through the following
actions. First, consumption of water should be decreased
until it reaches the sustainable level permitted by the
available resources. Achieving this goa will require
more efficient water use by industry, agriculture, and the
area’s domestic population. Second, discharge of wastes
into the surface water should be drastically reduced so
that the ecosystem’s natural ability to degrade these
wastes will not be exceeded.

This goa can be achieved by modernization of all the
industrial, agricultural, and domestic processes that use
water, thereby improving the recovery and recycling of
waste water, encouraging theuse of crops with high
water-use efficiency to reduce evapo-transpiration, and
encouraging the use of high-efficiency toilets to minimize
the amount of sewage that is created.

Third, additional water treatment facilities must be
made available, and old facilities need to be upgraded to
increase their capacity and improve their efficiency. To
create more sustainable means of production, there must
be a shift in attitudes toward proactive waste manag-
ement practices that represent a move away from control
measures towards preventative measures in cities and in
al industrial sectors. Fourth, establishment of enviro-
nmental monitoring program should be extended to
define water quality of all drains and canals that discharge
into the Nile.
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Appendix. Pearson's product moment correlations matrix for water quality parameters of the Nile River, Damietta Branch
samples

Appendix. Pearson's product moment correlations matrix for water quality parameters of the Nile River, Damietta Branch samples
pH | 105 [Tuia] 0o [ 8o [ con ['siica] poc | po4 [ pop [ e [ oz [ noa [ ron [oon] re [ Mn | cu | 20 { ca [ po
pH  |Pearson Corelation 1) 251 130{ 228| 4407 -430L531."| 0641 530."| g36"|.465.| -308| -206] -124] 231| .196] 453 098] -056] 150 -.118
Sig. (2-tailed) 237 546 283 032{ 052| 008| 765| .008) 001 .O22| 143 335 564| 277 371 026 _?OB_I 794| 540] 637
TDS  [Pearson Correlation 1) 185|441 7727[ B137| -249] -214| -214] p157| 014 -083 .ﬁﬂ_ﬂ? g54”| 54| -198) 943"| -078} ga7”| 51"
Sig. (2-tailed) 387 031 o000 003] 241| 3150 316) 00| 847| 700 003| .000] 000| .482] 353 .000{ .v15] .000] .003
Turbid [Pearson Correlation 1| -325] 126] .219] 312 -028] 230| -.018] -087| 389| 44g1 277} 163) gep"| 030] 027) -220| 106] -059
Sig. (2-talled) 121] 55| 341] 137] 696 279] 035 667] .061] 028 191] 48] 001] 8e1] 17| 03| 6ee| 816
DO |Pearson Correlation 1| -040] -108|.412.1 &13] -381| 127} 547.7| -263} 530."L Apg."| 395 -247{ -055] -405 259( -328) -323
Sig. {2-tailed) 854] 642 045 010] 066 554 006 214 .007) .001] 056 255 798 107 222] A70] .191
BOD |Pearson Correlation 1| -233|. 41¢-'| -060] -387| gog"| -244] -180] .297| 477 gop”| 098] -222| 7057} 79| 7e67| 468
Sig. {2-tailed) 310 045 79| 062| .001| 250 .308| .158] Q20| Q00| 674 206 002| 402 000 050
COD |Pearson Correlation 1] e7e”l 122] 535 | -274] 33| 708" 7337| 602°] -126] 73| e10"| -015] .167| -057|. 534"
Sig. (2-talled) 006] 508] .012] 230] .142] .000] .000] .004| 586| 465 .003] 960 470] .834] 040
Silica |Pearson Correlation 1] -028] 932"t 708-7) 277! 844”| 5417| 373 -192] 185| gag”| -237[ -122] -344| -341
Sig. (2-tailed) 8981 000 000 001 000 00B| 073 368 398 001 .360[ 571 148 166
0OC  [Pearson Correlation 1| .031] -115] -193] .139) -128) -167) -120] 022] .225| -176] .A71| -334] -143
Sig. (2-failed) B85| 592| 366| 517| 550 434 .576| 921| .290] .500{ 423] 163 572
PO4  [Pearson Correlation 1E719. 7] 7517] 8127| 5687| 430 -147] 109] sog”| -256| -005) -206] -415
Sig. (2-1ailed) oo0] ooo] .ooo] .oos| 032] a92] 621 .02l .321] g81] 219] 086
DOP  [Pearson Correlation 1) -399). 514." -049] 108] 5p97( -011|. 5081 £287) 134] 86| 498
Sig. (2-failed) 054 010{ 819 15| .008] 958| .011] 007 .533| .002| .036
NH4  |Pearson Correlation 1| a70l a34'| s407| 038 -195] .289] -101| 087 .018| -278
Sig. (2-tailed) 020 034 007 858 371 171] 6981 687 942 265
NO2 |Pearsen Correlation 1] 69971 485] -040] 191] sgg"| -139f -041] - 206 -390
Sig. (2-tailed) .000] o0t6] 854 384] oo02] s95] e8] 3e7] 110
NO3  |Pearson Correlation 1| apt”| 557" 2684] 426 sa4’| -050| 4g4' 204
Sig. (2-tailed) 000] 005] .189| 038] 018] B17| .032] 416
TON  |Pearson Correlation 1) 784"| 159] .200| ggo"| -038] gop”| 324
Sig. (2-tailed} 000] 468 .350] (003 .860] .001| .189
DON  |Pearson Correlation 1| 161] -200] gee”| -O75 go0”| 7%
Sig. (2-tailed) 464] .348] .000] .728] 000 013
Fe  [Pearson Correlation 1] 001] .104] -106] .103] 047
Sig. {2-tailed) B80] .702] 631] 675) 859
Mn  [Pearson Correlation t| -138] 233]. 4831 -123
Sig. {2-tailed) 587 273 036 627
Cu  |Pearson Correlation 1] -154] z87"l 817"
Sig. (2-tailed) 555[ .000[ .001
Zn  |Pearson Correlation 1| 051] D048
Sig. (2-tailed) 835] 846
Cd  |Pearson Correlation 1] 598
Sig. (2-tailed) 018
Po  |Pearson Carrelation i
Sig. (2-tailed) |
*. Correlation is significant at the 0.05 level (2-tailed); **. Correlation is significant at the 0.01 level (2-tailed), N = 24
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