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Abstract

The major aim of the present study is to evaluate the surface water quality at a part of the Damietta
branch, Nile River of Egypt via the measurement of some physicochemical parameters followed by
calculation of water quality index (WQI). WQI is considered a simple and effective tool successfully
applied for the assessment and investigation of the status and quality of the surface water in any
ecosystem. A total of 21 parameters was monitored and measured at ten stations for a year from
January to December 2014. Correlation coefficients for physicochemical parameters showed that
only turbidity, dissolved oxygen, biochemical oxygen demand, ammonia, and silicate had spatial
significant variability. Almost the highest average values appeared at station 111. The calculated WQI
manifested that the highest value was 66.70% at station 1X, while the lowest was 56.44 % at station
I11. One-way analysis of variance (ANOVA) showed that water quality in the autumn season was
higher than the summer months while the spatial significant variability of the WQI confirmed that
the St.111. recorded the worst sites, while the sites of the East Bank had; almost the highest average
values appeared Generally, most stations found in a medium quality. Damietta branch eastern bank
was better than the western one. The mean values of most measured parameters were within the
threshold limits in comparison to Egyptian environmental standards regularities (EESR). WQI will
be useful mechanism for regular monitoring.
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needs for example: fishing, navigation,
industry, irrigation and generation of
hydropower [1]. The Nile River is considered
the lifeline and life artery of Egypt as well as

Introduction

Surface waters are the most exposable to direct
pollution due to their easy accessibility for
disposal of pollutants. Waterways like rivers
assume an imperative significant job in the
development of a nation's economy. Rivers are
not only restricted to the source of drinking
water, but also incorporated filling different

chief primary fountain of palatable drinking
water and irrigation. Throughout the Egyptian
history the Nile had the dominating effects on
be create the economy, culture, public health,
social life and political aspects [2]. It passes
along Egyptian land for about 950 km starting
from downstream Aswan High Dam to
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upstream delta barrage, where it divides into
two branches; Rosetta and Damietta branches.
Each of which runs separately to the
Mediterranean Sea, forming the delta region
between both branches [3]. The river surface
water quality is persuaded by some human
activity such as agricultural, industrial,
domestic and touristic activity along its banks
from several sources at different regions
upstream to downstream [4]. Egypt among
other countries is unique in its dependence on
water from deterministic source., therefore
water quality is a matter of major concern. The
quality of both untreated surface water and
treated drinking water was the concern of
experts in all countries of the world.
Regrettably, the load affects directly or
indirectly on the surface water quality which
resembles the main source of drinking water in
Egypt particularly at the inlet area of water
treatment plants (WTPs). Environmental
pollution is one of the most horrible crises that
we are facing today. Self-purification and
dilution concepts contribute to the gradual
improvement in water quality of rivers [5]. The
problem of polluted surface water has become a
crucial issue due to the progression of industrial
development, urbanization, and population
growth [6]. The fresh surface water in Damietta
is considered the only source for supplying
WTPs with their row water. Damietta is known
by terrible industry, where surrounding
agricultural zones are affected by various
pollution resources [7]. The nature and quality
of water relies upon the area and the ecological
condition of its sources at some random region.
Water quality refers to the chemical, physical,
biological and radiological characteristics of
water [8]. It is a measure for the water condition
comparative to the requirements of one or more
biotic species and/or to any human need or
purpose [9]. Water resources management as
well as monitoring of water quality has been
considered as a national responsibility for
developing. Monitoring programs can provide a
representative and reliable estimation of surface
water profile via physicochemical parameters
measurement. Regular sampling and estimation
of numerous physicochemical parameters at
different stations resulting in a large data
matrix, which often used WQI evaluate the
quality of water [10]. Spatial and temporal
variations of physicochemical parameters were
executed for water characteristics to put our
hands on the water denaturation problems. The

objective of the current study is basically aim to
calculate WQI via measuring selected
physicochemical parameters to summarize large
amounts of tests and data into simple expression
(e.g., excellent, medium, or bad). WQI is
important to monitor and screen the water
quality over a period of time in order to detect
changes in the water's ecosystem. Numerous
studies interested in measuring the surface
water quality condition of riverine waters on the
basis of both physicochemical characteristics
and the calculation of WQI [8,11,12].

Material and Methods
Study Area & Sampling Stations

The area of study is located in Damietta district
extend about 65 km of Damietta Branch of the
Nile River, it located between East longitude
31°62'265"”, 31°77'551” and North latitude
31°22'752", 31°40'035" as shown in (Figurel).
The study area divided into two main parts;
western and eastern. Ten sampling stations were
selected; four in the western bank of the study
area. Station | and station Il chosen near the hot
water outlet of hydropower generation plant,
while station 111 and station IV lied nearby some
villages receiving domestic sewage. The rest
stations located in the eastern bank in front of
the inlet pipe of water treatment plans in stations
(VII, IX, and X.) Sampling collection was
performed during the period from January to
December 2014.

b 58 %
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Figure 1: Geographic map of the study area
showing the location of water sampling sites at
Damietta region

Water Samples Collection

Surface water samples were collected monthly
from central area of each site at depth of 20-
30cm using water sampler. Three clean



Assessment of Surface Water Quality in the Damietta ...

Scientific Journal for Damietta Faculty of Science 10(1) 2020, 1-12

polyethylene bottles were used; one for field
measurements and other for laboratory analysis
including BOD test, then cover firmly and
stored at temperature below 4°C. Some analysis
carried out in situ, while the rest bottles were
taken to the laboratory for the analysis of
physicochemical parameters. Water sampling
was carried out according to standard methods
for examination of water and wastewater [13].

Field Measurements

Temperature, turbidity, pH, dissolved oxygen,
electrical conductivity and total dissolved solids
of surface water were measured in situ by
portable multi-probe water quality analyzers
calibrated before used. Temperature was
measured by a dry centigrade mercury
thermometer graduated to 0.1°C (0-50) model
GH ZEAL LTD and expressed in °C. Turbidity
was measured immediately at the time of the
sampling in three replicates using a portable
turbid-meter model WTWTURB-430T and
expressed in NTU. pH values were measured
using a digital portable pH-meter model
HANNA pH211. Dissolved oxygen was
measured using a portable DO-meter (model
JENCO 9173) and expressed in mg O/l
Electrical conductivity and total dissolved
solids were measured using multi-probe
conductivity meter (Model WTW LF-315)
expressed respectively in mg/l and puS/cm.

Laboratory Analysis

According to standard methods for examination
of water and waste water [14] Biochemical
oxygen demand, chlorides, alkalinity were
measured. Total, calcium and magnesium
hardness in addition to macronutrients as
ammonia, nitrite, nitrate, phosphate, and silicate
were analyzed. The heavy metals (cadmium,
iron, nickel and lead) were measured using the
inductively coupled plasma-mass spectrometry
7000 with Perkin Elmer Optima3000, USA
[15]. The instruments were calibrated pre-
measuring according to the manufacturer’s
guides. The obtained results were checked by
standardization and sample duplication.

WQI calculation

WQI is a mathematical application provides
a numerical single value resulted from

multiple results of different parameters. The
obtained values represent the level of water
quality, which can be used for the comparison
of water quality changes over a time in an
ecosystem [16]. The standard formula is:

WQI = k —HiW
D Wi
Where, C; is the value assigned to each
measured parameter after normalization on a
scale from 0 to 100 (Table 1) which Zero
indicates water that is not suitable for the
intended use and 100 represents perfect water
quality. k is a subjective constant representing
the visual impression of river water quality. In
this study, k was ignored to prevent the
introduce of subjective evaluation [17]. Wi is
the relative weight assigned to each water
parameter. A maximum weight of 4 was
assigned to parameters of relevant importance
for aquatic life, while the lowest value was
assigned to parameters with minor relevance
[18]. These normalized values were translated
into statement of water quality including
excellent, good, medium, bad and very bad
based on selection some physicochemical
parameters [19].

Statistical Analysis

Descriptive statistics were calculated for the
monitored parameters in the water samples.
Pearson correlation coefficient was used to
define the relationship between each two
parameters. WQI was calculated using
computerized application by MS-Excels sheets
programs One-way ANOVA was applied to
compare the spatial and temporal variation of
WQI values. the statistical analysis was
conducted using SSPS 22 for windows.

Results and Discussion

The premier step for evaluation that obtained
results was compared with the permissible
limits of EESR of article 60 of law N0.48/1982.
Regarding minimum standards for the quality of
the Nile River water as well as the protection of
the Nile River and waterways from pollution
and its modification for article 50 of decision 92
October 2013 tabulated in (Table 2)
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Table 1: Parameters considered in WQI calculation adapted from Pesce et al.(2000) and Sanchez et al.( 2007).
All values expressed in mg/l except turbidity in NTU, temperature in °C and pH without unit.

o _ Normalization factor C;
arameters | W

100 90 80 70 60 50 40 30 20 10 0
Ammonia 4 <0.01 <0.05 <0.10 <0.20 | <0.30 <0.40 | <0.50 | <0.75 | <1.00 | <1.25 | >1.25
DO 4 >7.5 >7.0 >6. 5 >6. 0 >5.0 >4, 0 >3.5 | >3.0 | >2.0 | >1.0 <1.0
BOD 3 <0.5 <2 <3 <4 <5 <6 <8 <10 <12 <15 >15
Nitrite 2 <0.005 <0.01 <0.03 <0.05 | <0.10 <0.15 <0.20 | <0.25 | <0.50 | <1.00 | <1.00
Turb. 2 <5 <10 <15 <20 <25 <30 <40 <60 <80 <100 >100
Temp. 1 21/16 22/15 24/14 26/12 | 28/10 30/5 32/0 | 36/-2 | 40/ -4 | 45/ -6 | 45/<-6
PO, 1 <0.05 <0.05 <0.05 <0.10 | <0.10 <0.15 | <0.15 | <0.20 | <0.20 | <0.30 | <0.30
pH 1 7 7-8.5 7-9 6.5-7 | 6.5-7 6.-9.5 5-10 | 4-11 3-12 2-13 1-14

Water Quality Parameters

The physicochemical properties of collected
surface water samples are summarized in (Table
3). The data were statistically analyzed using
descriptive analysis (minimum, maximum,
mean and standard deviation).

Table 2: Egyptian standard regulations of
regularities of article 60/law No. 48/1982 regarding
minimum standards for the quality of the Nile River

Parameter Permissible limits | Unit
Temperature 5%over usual ce
Turbidity - NTU
pH 7-8.5 --
TDS Not more than500 mg /|
EC - pS/cm
DO Not less than5 mg /I
BOD - mg /I
chlorides - mg /I
Alkalinity 20-150 mg /|
T.Hardness - mg /|
Ca.Hardness - mg /|
Mg.Hardness = mg /I
Ammonia Not exceed than 0.5 mg /I
Nitrite (NO2) - mg /I
Nitrate (NO3) Not exceed than 45 mg /I
Phosphate - mg /I
Silica Not exceed than 0.01 mg /I
Cadmium (Cd) Not exceed than 0.01 mg /|
Iron (Fe) Not exceed than 1.0 mg /|
Nickel (Ni) Not exceed than 0.2 mg /I
Lead (Pb) Not exceed than 0.05 mg /I

Temperature: Water temperature is very
important, as many of the physical, biological,
and chemical characteristics of aquatic
ecosystem are directly affected by temperature
[20]. the recorded values ranged from 13.10 to
33.50 °C with an average of 24.23+5.84. The
variation is associated with sampling time as
shown in (Figure 2). The maximum value was
recorded in station X in August, while the
lowest was detected in January at station I. The
decrease or increase in surface water
temperature depends on different factors as

seasonal variation, climatic conditions, in
addition to the specific characteristics of
water environment such as turbidity, wind force
and humidity [21].

Table 3: Summary of basic descriptive statistics

(units in mg/l except Temp.,Turb.,pH, and EC).
Parameter Mean Std Min Max.
Temp. °C 24.23 5.84 13.10 | 33.50
Turb. NTU 6.35 1.30 3.80 11.20
pH 8.09 44 549 | 891
TDS 22352 | 45.24 | 152 365
E.C[us/cm] 419.80 | 66.09 | 315 624
DO 6.95 1.71 231 11.20
BOD 5.09 2.27 1.90 12.55
chlorides 37.20 4.84 20 48
Alkalinity 14581 | 16.85 120 192
T.Hardness 178.25 | 16.33 | 140 228
Ca Hardness 98.44 1058 | 80 136
Mg.Hardness | 79.86 12.18 | 48 108
Ammonia 0.14 .016 0.02 .66
Nitrite 0.05 .047 0.002 | .28
Nitrate 1.74 2.13 0.005 | 2.34
Phosphate 0.8 .025 0.002 | 2.04
Silica 1.02 .58 0.04 3.20
Cadmium .02 .09 0.001 | 1.011
Iron .06 A1 0.01 1.033
Nickel .04 .03 0.003 | .304
Lead .03 .01 0.001 .095
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Figure 2: Monthly annual average values of surface
water temperature of the study area.

Turbidity: Turbidity of water samples ranged
from 3.80 to 11.20 NTU with an average of
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6.35+£1.30 NTU. This indicates that the water
turbidity in the study area was within the
permissible limit of the EESR. Station X, was
the lowest, while station Ill had the highest
turbid location followed by station IV. Other
stations (V, VI, VII and VIII) showed closed
turbidity values (Figure 3).Turbidity depends
on total solids which suspended in surface water
[22] As turbidity increases, it reduces the clarity
of water to transmitted light by causing light to
be scattered and adsorbed and act as quick
indicator for decreasing in water quality, not
just potential pollution [23].

pH: It is a vital indicator for surface water
quality and pollution extent [24]. The study area
was slightly alkaline. The pH values ranged
from 5.49 to 8.91 with an average of 8.09+0.443
(Table 3) The pH values were recorded slightly
above the permissible limit of the EESR (Table
2). This indicate the presence of calcium and
magnesium carbonates in fresh surface water
[25]. Spatially, station Il was recorded the
highest annual average of 8.40+0.48, while the
lowest was recorded at station X with average
of 8.04+0.21(Figure 3).

Total dissolved solids: In all measured
samples, TDS values did not exceed 365 mg/I.
According to the EESR, TDS value must be
below 500 mg/l (Table 2). In the current
investigation, the obtained values were ranged
between 152-365 mg/l with an annual average
of 223.5+45.24 mg/l (Table 3). Spatially, station
X was recorded the highest, while, the lowest
annual average appeared at station VIII
(Figure3). Low TDS values may be related to
elevation rate of water drainage from rain
precipitation in addition to the weak rate of
water evaporation [26].

Electrical conductivity: EC values ranged
from 315 to 624 puS/cm with a mean value of
419.80+66.09uS/cm (Table 3) The highest EC
value was 442 uS/cm at station X followed by
station Il (426 puS/cm), while the lowest annual
average was 410 pS/cm at station VII (Figure
3). It is a measure of the ability of water to pass
an electrical current.[27]. It is affected by the
presence of inorganic dissolved solids which
sensitive to the variations of total dissolved
solids [28].

Dissolved oxygen: Values of DO ranged
between 2.31 and 11.20 mgO/I, with an annual
average of 6.95£1.71 mgO./l (Table 3).
Spatially, the highest annual average value
appeared at station X while, the lowest value
was recorded at station I1l. Most of sampling

stations are ranged between 6.95 and 8.1 mg/I
as shown in (Figure 3). DO is a crucial indicator
to sustain aquatic life and reflects the health and
quality status of any aquatic ecosystem.
Regions with high values of DO reflected a
better water quality [29].

Biochemical oxygen demand: The values
ranged from 1.90 to 12.55mg/l with an average
value of 5.09+£2.27mg/l (Table 3). Spatially, the
highest value was at station Il with an annual
average of 8.71 mg/l,while stations (VIII & X)
recorded the lowest values respectively (3.63 &
3.46) mg/l (Figure 3). Temporally, elevated
ranges appeared at spring and summer; the
highest mean value was recorded in May with
an average of 6.31 mg/l, while the lowest mean
values were noted in October with an average of
3.69 mg/l. When organic matter in water is
decomposed by aerobic germs, the oxygen
absorbed biologically increased. High (BOD)
values reflect high levels of organic matter in
water, which adversely affect the water quality
and act as an important indicator for pollution
that reflects the load of organic wastes. [30].
Chloride: In current study the lowest
concentration of chlorides was 20 mg/l, while
maximum concentration was 48 mg/l with
annual average of 37.20+4.84mg/l. Chlorides
values were provided information on physical
processes especially evaporation occurring
during recharge and time-dependent flow [31].
Alkalinity: In this study, alkalinity values were
in the range of 120 to 192 mg/l with an average
of 145.81+16.85 mg/l. Most of values were
above the permissible limits of EESR (Table 2).
Spatially, stations (V&I) recorded the highest
values while, station 1X was recorded the lowest
annual average value of 140.83+19.95 mg/I. It
is not a chemical description of water but it is a
property of water that is dependent on the
presence of certain chemicals in the water, such
as bicarbonates, carbonates and hydroxides
[12].

Ammonia: The average concentration of
ammonia during the study period was
0.1440.016 mg/l with peak value of 0.66 mg/I
obtained at station Ill. the lowest value was
observed at station 1 (0.024 mg/l). According to
EESR, the permissible limit of ammonia in the
surface water body must be below 0.5 mg/l. In
the present study, most of ammonia values were
under presumable limits of EESR as shown in
(Table 2). It is mostly produced by
decomposition of organic matter in addition to
hydrolysis of urea from dead fish in water [32].
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Nitrite: EESR not determine the permissible
limits of nitrite in fresh surface water body of
the Nile. As shown in (Table 2). The results
showed that nitrite concentrations were ranged
between 0.002-0.29 mg/l with an average of
0.05+£0.04 mg/l (Table 3). Nitrite is not stable
and its appearance in higher concentrations
generally indicates that changes are in progress
(nitrification processes) [33].

Nitrate: In this study, the nitrate values ranged
between 0.005 and 2.34 mg/l (Table 3)
According to EESR, the permissible limit of
nitrate must be not exceeded that of 45 mg/l in
the fresh water bodies. The maximum value of
nitrate  was under the permissible limits.
Spatially, station Il was recorded the highest
average 3.32+1.44 mg/l while station X showed
the lowest value with 0.87+£0.076 mg/I (Figure
3). The increasing values relative to presence of
agricultural and industrial drainage in this
station which receive sewage and waste.
Phosphates: values were ranged between 0.002
and 2.04 mg/l Station Il, was recorded the
highest value, while station X was the lowest
with average of 0.024+0.01 mg/l. The
permissible limit of phosphate is absent from
EESR guidelines (Table 2). In general, major
sources of phosphate in surface water are
domestic sewage, agriculture effluents and
industrial wastewaters.[34]

Silica concentrations: Silicates ranged from
0.046 to 3.20 mg/l with an average value of
1.04+0.58 mg/I (Table 3). Spatially, station 1l
showed the highest value with 0.72+0.2 mg/I,
whilst station 1X appeared the lowest with
0.7+0.46 mg/l (Figure 3) According to EESR
this averaged value was higher than the
permissible limit which should not exceed 0.01
mg/l. The results revealed the richness in
silicates at the study area with extreme
discrimination between the concentrations on
spatial scales. The elevation due to easy
solubility of silica in river by the weathering of
rocks and mineral in the catchments area.[35].

Heavy Metals

The intensive human activities, natural sources
and effluent discharges are the main sources of
heavy metal pollution in surface water. Heavy
metals altered into more toxic form or remain
unchanged which more stable and less toxic
[36]. In this study, four metals were selected.
Unlike other pollutants, dissolved heavy metals
can be biodegraded and destroyed completely,

metals are not biodegradable and can neither be
created nor destroyed [37].

Nickel: EESR stated that concentrations of
dissolved nickel in surface water must not
exceed 0.2 mg/l. In the current study, nickel
concentrations ranged between 0.003 and 0.30
mg/l with an average of 0.04+0.03 mg/I. Station
IV appeared the highest value while station IX
recorded the lowest concentrations.

Cadmium: According to EESR, concentration
of cadmium in surface water must not exceed
0.01 mg/l. In this study, the concentrations
ranged between 0.00land 1.01 mg/l with an
average of 0.02+0.09 mg/l (Table 3). The
obtained results showed that cadmium content
was slightly above the permissible limit of
0.01mg/l. Spatially the highest annual average
was more than 0.010 mg/l. and recorded at
station 1V, other stations were below 0.02mg/I.
The lowest annual average along the study
period was recorded at station | with a n average
of 0.005+0.004 mg/l in general, a high
proportional of cadmium is usually associated
with organic matter [38].

Iron: The lowest recorded value of iron
concentration was 0.01 mg/l while, the
maximum value was 1.03 mg/l. Although EESR
stated that the concentrations of iron in the
surface water must not exceed 1.0 mg/l. Some
reported results of this study were higher than
permissible limit. Spatially, station Il was the
highest value with 0.20+0.31mg/l, while the
lowest value was recorded in station VIII
0.03+0.02 mg/I

Lead: The permissible limit of lead
concentrations in EESR must not exceed that of
0.05 mg/l as showed in (Table 2). Values of lead
concentration ranged from 0.001 to 0.095 mg/I
with an average of 0.03£0.01 mg/l. In the
current investigation, lead values were within
the permissible limit. Spatially, station |
recorded the lowest concentration of that
0.02+0.009 mg/I. Station IV and Station Il
recorded the highest values corresponding to
0.04+.02 and 0.04+0.01 mg/l respectively.
These stations may be exposed to heavy
domestic sewage and/or agricultural runoffs.

Correlation Coefficients for Water Parameters

Correlations (Pearson’s product moment)
between pairs of water quality parameters were
calculated for data interpretation (Table 6).
Positive Significant correlations between pairs
of water quality parameters mean proportional
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relationships. However, negative significant
correlations reflect interlocking and
counteraction  between  the  measured
parameters; one variable tends to decrease as
the other increases.

Temperature was the most significant factor
among other physicochemical parameters.
There was a positive significant correlation
between temperature and silica (r=0.209), BOD
(r =0.195) and pH (r =0.290). Although,
temperature had a negative significant relation
with alkalinity (r= - 0.198). TDS (r = -0.523),
EC (r =-0.310), DO (r =-0.408), total hardness
(r = -0.459), and with calcium & magnesium
hardness (r = -0.340), (r = -0.325) respectively.
Turbidity was showed a medium significant
positive correlation with pH (r =0.196), nitrate
(r =0.183), silica (r =0.207), lead (r = 0.195).
The strong significant (r = 0.391) with BOD. It
might be due to the colloidal behavior of lead
with suspended matter. A negative significant
correlation recorded between turbidity and both
of DO and calcium hardness (r =-0.182) and (r
=-0.183) respectively.

A significant positive correlation was found
between pH and silica (r = 0.244), while pH had
a significant negative correlation between both
of TDS and DO (r = -0.192), (r = -0.272)
respectively

Total dissolved solids had a significant positive
correlation normally  with Electrical
conductivity (r =0.717). Increasing of TDS was
observed between some water quality
parameters including DO (r = 0.405), total.
hardness (r =0.378); and magnesium hardness
(r= 0.380). The higher values of TDS were
attributed to the higher rate of material
dissolved in a water or found in sediments [35]
Electrical conductivity had a positive
significant correlation with 4 parameters; with
DO (r =0.196), alkalinity (r =0.468), total.
hardness (r = 0.348), magnesium hardness (r =
0.426). While, negatively with nitrate (r = -
0.266), which indicated the decreasing the
nitrate content Alkalinity has significant
correlation with TDS (r = 0.225) which
supporting  the  observation of  high
concentrations of these parameters at Damietta.
Total hardness showed positive correlation with
alkalinity (r =0.294), magnesium hardness (r
=0.363) and phosphate (r =0.199,) that reflect
the positive significant correlation between

alkalinity and these parameters. Total. hardness
had a significant positive correlation with both
Calcium hardness (r =0.670) and magnesium
hardness (r =0.763) which ensured that
hardness of both (Mg*?, Ca*?) were the major
contributor of total hardness.[16]. The
increasing of surface water pH, the increasing in
calcium content Ammonia and heavy metals
including cadmium (r = 0.181), and with nickel
and iron (r =0.340) by the same value, silica and
iron (r =0.189). and between Nickel with
cadmium (r = 0.356) and iron (r = 0.456), BOD
with nitrate (r =0.189) and silica (r =0.203). In
aerobic conditions, nitrogenous compounds are
biologically oxidized to ammonium, nitrites and
nitrates minimizing the dissolved oxygen
content in the aquatic environment. While
negatively significant with DO (r = - 0.235),
silica (r = - 0.224) and iron (r = -0.190).
However, DO was positively with Total
Hardness (r = 0.255), Ca. Hardness (r =0.231)
and E.C (r =0.196) supporting the fact that the
concentrations of dissolved oxygen decrease
with increasing BOD [7,12].

Water Quality Index (WQI)

Monthly WQI value was calculated for each
sampling site which give an overview for the
quality of water body. Many remarkable
features were showed the water quality status of
river. Spatial description of water quality
according to the calculated WQI showed a
medium condition at most locations. Obtained
results of calculated WQI had been expressed in
good, medium and bad. Classification of water
related to the calculated WQI. and Pollution
Degree of water quality and its classification
corresponding to WQI referring water class as
shown in (Table 6) According to the calculated
values of WQI, the sampling stations can be
ranked in a descending order from the best to
the worst station as follow: St.IX(66.70)>
St.X(66.40)> St.VIII(65.35)> St.V(63.95)>
St.VI1(63.87) > St.l (62.55) > St.VI (62.52)>
St.11(61.33)> St.IV(58.89) > St.III(56.44)
(Figure 4). All of the previous values were a
reflection of water quality levels indicated
medium quality of surface water of Damietta
branch the Nile river at Damietta region.
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Figure 3: Spatial annual average values of some surface water parameters at Damietta, during the period from

January to December, 2014

Table 4: classes of water related to values range of
the calculated WQI. and Pollution Degree of water
quality and its classification corresponding to WQI
referring water class (Srivastava et al,2013).

WOQI
SEE range Cless QualityDegree
Excellent | 91-100 A Permissible range
Good 71-90 B Slight to permissible
range
Medium | 51-70 c Moderate to slight
range
Severe to moderate
Bad/poor | 26-50 D range
very bad 0-25 E Severe to moderate
range

70
wal
63. 87
62 o 63. 95
| ‘56[14 |
IV vV Ve VIEVIE X X

Figure 4: the calculated values of water quality
index at sampling stations

Table 5: Spatial and monthly calculated WQI values for surface water during, 2014

Month/s . St St St StV StV St.VI St.VII vl St.IX St.X
tation |

Jan. 61.44 59.45 49.11 57.43 63.93 53.04 60.31 48.43 63.6
Feb. 60.38 62.14 61.65 53.73 54.37 60.79 60.78 69.11 59.49
Mar. 66.63 54.25 55.73 57.48 66.22 59.75 65.16

April 67.36 56.87 56.98 50.96 63.65 59.63 63.18

May 60.27 60.86 57.57 54.42 69.82 62.38

June 69.04 69.29 58.79 54.18 59.38 69.8

July 58.96 58.53 58.53 51.18 60.38 47.33

Aug. 51.13 51.57 50.84 54.87 57.53 59.28

Sep. 67.60 63.99 64.63 67.84 65.74 65.33

Oct. 64.42 66.74 61.79 63.69 66.36

Nov. 64.42 66.74 61.79 63.69 66.36

Dec. 59.42 63.23 42.97 64.59 68.8

WOQI average 62.55 61.33 56.44 58.89 62.52
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Table 6: Pearson’s correlation coefficient between physico-chemical variables for collected samples in Damietta
region during (January / December), 2014*correlation is significant at p < 0.05 level ; ** correlation is significant
atp <0.01 level

Temp. | Turb.
Temp. 1
Turb. | .082 1
pH .290™ .196" 1
TDS |[-523-"| .032 | -.192-" 1
EC -310-" | .035 -041 | 717 1
DO -.408-"" | -.182-" | -.272-" | .405™ | .196" 1
BOD 195" .391™ .161 -108 | -.093 |-.235-" 1
Cr -115 -.090 -.018 | -.052 -.063 .044 -.050 1
Alk. | -.198-" | .090 097 | 225" | .468™ | -.042 | -.065 | -.115 1
TH |[-459-"| -120 | -157 |.378™ | .348™ | .255™ | -.128 | -.076 | .294™ 1
CaH |[-.340-"[-183-"| -.138 .154 .048 .231° | -.153 | .059 .034 | .670™ 1
Mg.H | -.325-" | -.005 -.094 | .380™ | .426™ .149 -.038 | -.156 | .363™ | .763™ | .033 1
Amm | -.070 A11 161 | -.069 | -100 | -.032 | .124 | .010 | -.031 | .017 | .106 | -.073 1
NO 110 142 .007 | -.079 | .085 .092 .066 | -.060 | .095 | .119 | .077 | .089 | .077 1
NOs” -.053 .183" .043 -.098 |-.266-"| .008 .189" | -.006 | -.082 | .006 .001 | .009 156 | -.067 1
PO .087 .148 -.008 .146 114 -171 .018 | -.044 | .199" | -.031 | -.095 | .040 | -.133 | -.109 | -.074 1

pH TDS EC DO BOD | CI' Alk. T.H [ CaH][MgH[Amm | NO; [ NOs [ POs® [ Si Cad. | Iron Ni | Pb

Si 209" | 207" | .244™ | -.085 | .032 | -.224-" | .203" | -.012 | .140
Cad. -.092 .063 -037 | .106 | -.001 .146 .026 | .118 | .077
Iron -.086 .019 -069 | -.041 | -172 | -190-" | .177 | -.020
Ni -.109 .094 -057 | .064 | -.046 | -171 | .076 | -.049
Pb .145 195 .083 .008 .002 .018 .064 | -.010

.029

-.098

-.072

.081
.070
.022
.011
-.066

-.028
-.039
.108
.058

.130
126
-.065
-.036

134

181"
.340™
.340™

.143
.030
-.072
-.044

.143
.092
132
.148

.175 1
.004 | -.026 1
-.045 | .189" | -.030 1
-.138 | -.060 | .356™ | .456™ | 1

-134 | 025 | -.041 | .085 | -.081 | -.017 | .098 | .096 | -.155 | .043 | 1

Jurn  Feb March Aged May A Aty A Oct Novw  Dex

Months
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> o '
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Figure 5: Temporal and Spatial variation of WQI at Damietta during, 2014.Using One-way ANOVA with
Tuckey’s b test the values of error bars (Sd, the asterisks indicate significant differences)

It was noted that non of the sampling stations
during the entire study period had WQI value
equals or close to 100 implies a good water
condition. The obtained results of WQI values
proofed that the river east bank was better than
that of the western side. The absolute
maximum WQI was calculated at station VI
(75.53%), while the absolute minimum value
was appeared at station 111 (42.97%) (Table 5)
Temporally, the study area is classified severe
to moderate range of pollution Only 14% of all
calculated values ranged between 71-90% in
WQI reflecting a good water quality within the
class B with degree of slight to permissible
range in pollution degree (Table 4&5).Most of
calculated values (more than 82%) were ranged
between 51% and 70 % in WQI reflecting a
medium quality and classified as class C with
degree of Moderate to slight range in pollution
degree. (Table 4&5). The calculated values of
WQI for most sampling station reflected a
medium status which agreed with the previous

studies that carried out at Damietta region
[7,12,16].Generally, the similarity of over-all
results obtained indicated medium status for
most stations except the increasing of pollution
load at station Ill, where the results were
showed moderate to slight range of pollution
and the WQI varied between 49.11 and 64.63%
with an average of that 56.44+6.07%. The
minimum value appeared during December,
the low values of WQI may be due to the
occasional mixing of effluent discharged by the
hot water outlet of hydropower and occasional
mixing of effluent discharged by drain or
village or waste water from village.

According to Figure 5, the One-way ANOVA
with Tuckey’s b test around the year was
divided into 3 groups; (a) referred to the highest
WQI values which appeared in October. While,
the lowest values represented by (c) appeared
in July and August which may be attributed to
increasing of organic matter during summer
months. Other months were considered in a
moderate quality status. Spatially, the stations
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were divided into 3 groups ;(a) included
stations (VIII, IX and X) with the highest
values of WQI which indicated the best quality.
On the other hand, the group (b) included only
station 111 which had the lowest value of WQI
and referred bad quality. The rest stations were
considered in a moderate quality status and
labelled (ab). The acceptable level of water
quality should be ranged between medium or
good of WQI values [22, 26]. This reflect the
importance of using WQI for monitoring and
screening can give a significant indicator for
water quality and keep tracks of any changes
overtime. Therefore, provide a simple and
understandable device on the quality and
possible uses of given water body.

Conclusion

In this current study, we use the results of some
estimated physicochemical parameters in
surface water samples in Damietta branch of the
Nile river at Damietta district, Egypt.

WQI was calculated from certain selected
parameters to evaluate the quality status of this
part in the ecosystem. Using WQI tool, it
become easy to convert a vast large amount of
information and reduces results to give a single
mathematical number for assessment the water
condition as quick indicator for water quality
health. subsequently, ranking water body into
one of 5 pollution degree based on WQI value.
Accordingly, the water quality status varied
between good to medium or bad. The obtained
results showed that the surface water of this part
of river Eastern bank is better than that of
Western bank. WQI varied between 49.11 and
64.63% with an average of that 56.44+6.07%.
Generally, the quality status of all location
found in medium condition except station 1lI
based on the WQI annual average value.
However, the mean values of most measured
parameters were within the threshold limits in
comparison for the EESR. We recommended
the necessity of the continuous and regular
monitoring of any ecosystem and follow up its
status at a period of time. It is important to
maintain pollution levels within the permissible
values. Environmental quality control should be
enforced to prevent or decrease the entrance of
wastewater from agricultural, domestic,
industrial, or other sources to the Nile River
system.
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