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Introduction                                                           

It is well known that Egypt as an African country 
suffers from arid conditions. Egypt also has a 
very rapid growth rate in its population, which 
drives water demand beyond its annual constant 
supply (Wahba et al. 2018). In recent years, there 
has been an increasing interest in a water crisis 
in Egypt (Negm 2019). Concerning the main 
sources of water in Egypt, these sources include 
rainfall (1.18%), underground sources (9.03%) 
and the Nile River as the main reliable source 
of water (CAPMAS 2017). Therefore, there is 
a decrease in the total water per capita in Egypt 
from 2041 m3 in 1962 to 637 m3 in 2014 (FAO 
2017). Thus, Egypt suffers from high and chronic 
water scarcity level, which may negatively affect 
general well-being, human health and may restrict 
the ability to accomplish economic development 
(Wahba et al. 2018).
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EGYPT suffers from the scarcity of water resources. The problem has been exacerbated 
by the steady increase in population density and the establishment of the Grand 

Ethiopian Renaissance Dam. Therefore, preserving the availability and quality of this 
resource is enormously important. Water quality is affected by a number of factors related 
to the characteristics of the watercourse and surrounding environment, like soil type, 
agricultural and industrial activity in the studied regions. Therefore, a comparative study 
was conducted on water samples collected from eight different locations at west and middle 
Delta regions from Beheira and Gharbia governorates. The obtained results showed that there 
are significant differences among the means of sample collection sites and dates, as well as 
the interaction between studied variables in all studied parameters. Although, most physical 
and chemical parameters were within standards limits except turbidity and chemical oxygen 
demand (COD). However, the average values of turbidity, color and pH were convergent in 
both governorates. While total dissolved salts (TSS) had a higher value (42.2 mg L-1) in the 
Beheira governorate. In the case of, the remaining studied parameters, the values recorded in 
Gharbia gov. were higher than the corresponding values recorded in Beheira gov. including 
COD and UV245 absorbance, which are associated with organic pollution. Thus, physical and 
chemical approaches can be used to evaluate the water quality in relevant locations. Further 
studies based on biological approaches should be also carried out.

Keywords: Water quality, Surface water, Physical and chemical parameters, Nile Delta. 

Due to the lack of water resources in Egypt, 
the Ministry of Water Resources and Irrigation 
has resorted to increasing the use of groundwater 
and reuse of waste-water in irrigation of newly 
reclaimed areas (Salman et al. 2019). The water 
quality depends on a number of factors, which 
divided into those related to the watercourse 
itself and the other related to the surrounding 
environment. Although both west and middle 
delta regions derive their water from the Rosetta 
branch, they differ in many characteristics such as 
soil type, irrigation system, and type of plantation, 
etc. These factors found to be influencing water 
quality, have been explored in several studies. 
A considerable amount of literature has been 
published on the water in Egypt and its quality. 
These studies include many topics such as the 
pollution of groundwater in Egypt (e.g., Omran 
2017; Salman et al. 2019)and water quality 
assessment (e.g., Abdel-Satar    et al. 2017; Salem 
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et al. 2019).

The present study hypothesized that the 
environmental factors have a great influence 
on the water quality in watercourses. So, it 
studied two adjacent areas, derive their water 
from the same source and they differ in several 
environmental characteristics with an attempt to 
find the relationship between the water quality 
and those environmental characteristics.

Materials and Methods                                          

Study area and sampling sites
Water samples were monthly collected from 

March 2014 to February 2015. The samples 
collected from the west and middle Delta regions 
(Beheira and Gharbia governorate, respectively). 
Four locations from each governorate were selected 
to collect water samples.ConcerningGharbia, 
locations included Mit-Hebeish Al Bahreyah, 
Nafya and Mahalat Menouf (along El-Kased 
canal) and also from Achenawai (from Sobtaas 
canal, which is a branch of El-Kased canal). Also, 
water samples collected from four sites in Beheira 
included Shubra Oseim, Al Tairyyah and Alqam 
(along with the Behery Rayah) and Markaz 
Badr (at Nassery Rayah, which is a branch from 
BeheryRayah). The names of the sampling sites 
and their detailed description, as well as the 
latitude and longitude, are presented in Table 1 
and Fig. 1. The two study regions had significant 
environmental and geographic differences 
between them. The studied region in the Gharbia 
is characterized by clay soil. The main cultivated 
crops are wheat, clover, corn, rice, potatoes, beans, 
and some vegetables. Irrigation water is applied by 
the traditional method of flooding, the irrigation 
system consists of canals and the drainage water 
is collected in open drains. the region had some 
subsurface drains (Table 2). In contrast, the soil 
texture is sandy in the studied region of Beheira. 
Bananas, strawberries, citrus fruits, grapes and 
potatoes, peanuts are the main agricultural crops 
with some areas cultivated with maize, wheat, 
and alfalfa. The drip irrigation system is the most 
widely used in the region (except Shubra Oseim, 
which depends on surface irrigation), Also the 
region had some subsurface drains. However, 
almost 50% of the lands are cultivated by Bananas. 
Banana is a tree-like perennial herb, with high 
water and fertilizer requirements. It cultivated 
every five years. Due to the high economic value 
of various crops in Beheira, it is noted excessive 
use of chemical fertilizers, pesticides, and other 
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Fig. 1. Sampling sites in the middle delta and west delta regions (Gharbia and Beheira governorate).
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Water sampling and analyses
Attempts were made to determine the 

physicochemical characteristics of the canal water 
various parameters such as electrical conductivity 
(EC), pH, temperature, total solids (TS), total 
dissolved solids (TDS), total suspended solids 
(TSS), color, turbidity, chemical oxygen demand 
(COD) and UV254absorbance of canal water 
sample as indicators of water quality (Table 3).

Water samples from the surface layer (10: 30 
cm) were collected in polyvinyl chloride bottles 
and the samples immediately were transferred 
to the laboratory in the tank icebox. Upon 
arrival at the laboratory, pH and the salinity 
(EC), turbidity, TSS, TDS, total solids (TS) and 
chemical oxygen demand (COD) were measured 
in non-filtered water samples (APHA, 1998). 
For color determination, 10 ml of the sample 
was centrifuged at 3500 rpm for 10 min. The 
supernatant solution was collected to determine 
the water-color. Part of the samples was filtered 
immediately upon arrival in the laboratory to 
estimate the concentration of chloride ions. Water 
pH and electrical conductivity were measured 
using H1 2211 Hanna digital pH meter and 
AD8000 conductivity meter, respectively. The 
SM1200 UV Vis Spectrophotometer also was 
used in the measurement of various chemical 
parameters including color, UV245 absorbance, 
and turbidity parameters. All chemical used for 
chemical analysis were laboratory analytical grad, 
and distilled water was redistilled water obtained 
from the Central Laboratory Tanta University.

After calibration and adjust the temperature.250 
ml of the water sample transferred into a pre-
weighted evaporating dish in order to estimate 
the total solids (TS). The sample was evaporated 
to dryness. To estimate the total dissolved solids 
(TDS), the same steps were followed, but on 
a filtered water sample and calculated by the 
same equation. Total suspended solids (TSS) 
are calculated arithmetically according to the 
following equation: TS= TSS+TDS. All measured 
parameters (TS, TSS, and TDS) were expressed 
as (mg L-1). Turbidity and color values of the 
samples were determined spectrophotometrically 
according to Goodner (2009) and Cuthbert and 
Giorgio (1992), at a wavelength of 750 and 
440 nm, respectively. The Cl- ion concentration 
in water samples was assessed by titration 
with Argentometric method (Paustian 1986). 
Potassium permanganate (KMnO4) was used for 
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measuring the chemical oxygen demand (COD) 
spectrophotometrically according to Jiang and 
Zheng (2009). 

Statically analysis
Microsoft Excel 2010 was used to calculate 

the range, mean and standard deviation for all 
sampling sites and sampling dates. SASS (ver. 9.2) 
was also used for statistical analysis of the results 
obtained using analysis of one-way ANOVA 
(p<0.05). Detection of differences between the 
location and dates means for significance was 
done by Duncan’s multiple range tests.

Results                                                                       

In all studied parameters (except pH) there 
were significant differences among the means 
of sample collection sites and dates, also, the 
interaction between studied variables. Electrical 
conductivity (EC) of water contains various ions 
in water solution such as sulfate, bicarbonate, 
chloride, magnesium, sodium, and calcium so 
it can be used as a measure of pollution in the 
watercourse (Das et al. 2006). EC values of the 
collected water samples recorded in Table 4 and 
illustrated in Fig. 2. Data showed that the EC 
values ranged from 395 to 703 μS cm-1. These 
values are lower than those of Egyptian law and 
also from WHO limits (for drinking water) as well 
as being less than the limits of valid irrigation 
water identified by the FAO and also the limits of 
damage to aquatic life identified by the Canadian 
Environmental Quality Guidelines (CCME). 
January and August had the highest value of EC 
(588.42, 580.08 μS cm-1, respectively), On the 
other hand, may record the lowest value of EC 
throughout the year (459.75 μS cm-1). Achenawai 
site recorded the highest EC value of 578.94 μS 
cm-1, while Alqamsite recorded the lowest values 
at all locations (522.92 μS cm-1). The annual 
average of the EC values of Beheira and Gharbia 
governorates were very convergent, which 
recorded 542.06 and 544.22 μS cm-1, respectively. 
Sampling sites in Gharbia are characterized by 
high variation in the recorded values according 
to the location or date of the sampling, while the 
sampling sites of Beheira are characterized by 
some homogeneity according to the location of 
the sample collection.

Turbidity is a physical characteristic of water, 
which expresses the optical properties that cause 
dispersion or absorption of light by the suspended 
particles in water, in the sense that it is a measure 
of the amount of fine suspended matter in water 
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(Wagner et al. 2006). The importance of turbidity 
is that it may alter the ecosystem in the watercourse 
by shading the aquatic plants and other fauna (DRI 
2010). It also protects microorganisms, which 
may pose a health hazard (Nkansah et al. 2011). In 
general, the turbidity estimate reflects the amount 
of water pollution (Siliem 1995). Results showed 
turbidity values of the collected water samples in 
Table 4 and Fig. 3. All values were outside the 
maximum permissible limit for drinking water 
according to Egyptian Law and WHO limits, as 
well as had a wide variation in their values. The 
recorded values ranged from 6.06 to 47.43 NTU.
The highest values recorded in August (40.79 
NTU) while the lowest one recorded in January 
(13.7 NTU). Nafya recorded the highest value 
of turbidity (25.92 NTU) while Mit-Hebeish Al 
Bahreyah, Mahalat Menouf, and Markaz Badr 
recorded the lowest values (21.44, 21.52 and 
22.42 NTU, respectively). The annual average of 
Gharbiais higher than the annual average value 
of Beheira (23.57, 22.84 NTU, respectively). The 
values recorded in both governorates were also 
very variable.

Turbidity in natural waters is caused by the 
presence of suspended matter which usually 
consists of a mixture of inorganic matter, such as 
clay and soil particles, and organic matter (Owusu-
Boateng and Kumi-Aboagye 2013). The velocity 
of water current and wind movement affect 
the distribution of sediments in a watercourse, 
which affects the turbidity in water (Wetzel and 
Likens 1991) and this is for the inorganic matter. 
While, leak nitrogen and phosphate nutrients 
from irrigated fields enhance photosynthesis, 
phytoplankton production and elevate TSS 
and turbidity values (Rahman et al. 2008). This 
explains, the elevated of TSS and turbidity values 
in September (after a flooding month) and other 
hot months, while its decline in January (drought 
period) and winter months. In the summer months, 
the water flow rate increases, the nutrient leaches, 
and the temperature increase, which increase the 
growth of phytoplankton (organic matter) and 
suspended particles (inorganic).

Color is an optical attribute of material, due 
to the emission, transfer or reflection of light. 
The water sample color is estimated on a filtered 
sample. Due to the ability of most people to detect 
the color highest of 15 mg Pt L-1, this value has 
been set as a limit allowed for the water sample 
color. From the obtained data (Table 4 and Fig. 
4), there was a significant divergence between 

color values in the different water samples, 
values ranged from 4.52 to 122.63 mg L-1. The 
maximum monthly color values were recorded in 
July (101.52 mgL-1) while the lowest values were 
recorded in November and December (23.86 and 
22.68 mgL-1, respectively). The highest value of 
color recorded in Achenawai site (69.58 mgL-

1), while the lowest color values recorded in 
Mahalat Menouf and Al Tairyyah (38.38 and 39.56 
mgL-1, respectively), with no significant difference 
between them. The annual averages of the two 
governorates were very close (52.01 and 51.15 mg 
L-1 for Gharbia and Beheira, respectively). There 
were variations among the average color values 
of Gharbia compared to the averages of Beheira. 

TDS is a water characteristic that determines 
the concentration of dissolved inorganic and 
organic solids in water. It is closely correlated with 
the amount of water hardness and the buffering 
capacity of water. TDS can be considered as the 
sum of all positive and negative ions in water. TDS 
is measured because excessive amounts (>500 
mgL-1) may be become unacceptable for drinking 
and many industrial uses and the increase of TDS 
value produce displeasing color, tastes, and odors 
and lead to exert osmotic pressure, which affects 
the aquatic life and may become carcinogenic, 
especially halogenated compounds (DRI 2010; 
El Shakour and Mostafa 2012). While, TS is the 
sum of TDS and TSS values, which expresses all 
dissolved or suspended solids in the water sample.

TDS values showed that the values of TDS 
were within the permissible limits according to 
different standards (Table 4 and Fig. 5). TDS 
values ranged between 236.67 and 457.67 mg L-1., 
The April and July months recorded the maximum 
values of TDS (304.67, 326.33 mg L-1) while 
March month recorded the lowest one (299.33 mg 
L-1). Achenawai site recorded the highest value of 
TDS (383.53 mg L-1) while Alqam site was the 
least ever at 307.33 mg L-1. The annually average 
of Beheirawas lower than the annual average 
of Gharbia (315, 339mg L-1, respectively). The 
values recorded in Gharbia were more divergent 
than those recorded in Beheira, which showed 
homogeneity and convergence in the recorded 
values. In most of the months, the values recorded 
in Gharbia were higher than the values recorded 
in Beheira.

TSS values (Table 4 and Fig. 6) showed that 
the TSS values ranged from 0.33 to 100.67 mg 
L-1, with a significant variation between locations 
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and sampling dates. August month had the highest 
values of TSS (59.5 mg L-1) while January month 
had the lowest one (13.25 mg L-1). Achenawai site 
recorded the highest value of TSS (60.56 mg L-1) 
while Nafya and Mit-Hebeish Al Bahreyah sites 
recorded the lowest values (24.22 and 28.66 mg L-1, 
respectively). The annually average of Beheirais 
higher than the annual average of Gharbia (42.24, 
34.12 mg L-1, respectively). The values recorded 
in both governorates were also very variable. In 
most months, the values recorded in Beheira were 
higher than the values recorded in Gharbia gov. for 
most months of the year (8 months). There are no 
permissible limits for TS value in the guidelines 
adopted in this study. TS values (Table 4 and 
Fig. 7) demonstrate that TS recorded the highest 
values in April and July months (304.67, 326.33 
mg L-1) while recording the lowest one in March 
(299.33 mg L-1). Achenawai site recorded the 
highest value of TS (444.08 mg L-1) while Nafya 
and Alqam sites had the lowest values (346.42 and 
343.58 mg L-1, respectively). The annual average 
of Beheira was below the annual average values 
of Gharbia (357.85, 373.17 mg L-1, respectively). 
The monthly values recorded in Gharbiawere 
higher and more convergence compared with 
values recorded in Beheira, in most months of the 
year (7 months).

The pH measurements are one of the most wide 
spread analyses in water testing. It is indicative 
of acidity of the sample, infact, indicates the 
activity of the hydrogen ion. Its value ranges 
from 0-14 and sample with pH 7.0 is considered 
neutral, while with a pH above 7.0 are considered 
bases; those between 0 and 7 are rate as acids. 
The ideal range for most organisms is between 
6.5-8.2 (Campbell and Wildberger 1992). It is 
the principal limiting factor with temperature, 
affecting the solubility and availability of major 
nutrients or minor elements. A decrease in pH 
values could also decrease the solubility some 
elements like Molybdenum, while low pH 
increases the solubility of other elements such as 
Al, Fe, Mn, Cu, Cd, Hg, and B (DWAF 1996).

Potential of hydrogen (pH) values (Table 
4 and Fig. 8) show that there were significant 
differences among the means of some studied 
factors (sampling site and the interaction between 
sampling site and the sample timing), while there 
were no significant differences among the means 
of samples timing .The pH values did not exceed 
the stipulated limits in the guidelines adopted in 
this study. all values were in the alkaline range. 

There is no value in the acid range. There is a 
significant convergence of pH values, which 
range from 7.02 to 8.03  .The maximum pH 
value recorded in December (7.8), while June 
was the lowest one (7.25(  . The sampling site 
“Achenawai” recorded the highest pH value 
(7.6). The sampling sites Mahalat Menouf, Mit-
Hebeish Al Bahreyah, and Alqam did not differ 
significantly and recorded the lowest pH values 
(7.44, 7.45 and 7.46, respectively). The annual 
average of the two governorates was very close 
(with 7.5 and 7.47, for Gharbia and Beheira, 
respectively). The values of Gharbia sites were 
dissimilar in comparison to those of Beheira.

Chloride (Cl-) is the major anion exists in 
the natural water. Most plants are very sensitive 
to chloride ions. Chloride concentration is very 
vital for water suitability for irrigation purposes.
high concentration of chloride ion in irrigation 
water case plant toxicity (Ayers 1975). High 
chloride concentration in water correlated with 
contamination with organic wastes (Thresh et al., 
1949). The value of chloride ion concentration 
showed that chloride ions concentrations were 
within the permissible limits of guidelines 
adopted in this study (Table 4 and Fig. 9). There 
was a significant distinction between chloride ion 
concentrations in the different water samples, 
values ranged from 29.07: 68.2 mg L-1. Maximum 
values recorded in December (57.45 mg L-1) 
while the lowest values recorded in May (37.65 
mg/L).The Mit-Hebeish Al Bahreyah recorded the 
highest value of chloride ion concentration (51.63 
mg L-1), while Alqam recorded the lowest value of 
chloride ion concentration (43.55 mg L-1). There 
was a convergence between the average annual 
of the two governorates (with 49.1 and 46.6, for 
Gharbia and Beheira, respectively). The monthly 
average values of ion conc. in Beheira sites were 
more varied than those in Gharbia.

The use of ultraviolet (UV) measurement as 
evidence of the removal of organic pollutants 
from water was suggested by Bahr et al. (2007). 
Yang et al. (2008) also used pH and UV absorption 
to monitor inorganic pollutants in the Lemming 
River Basin in Daqing, China. As nearly all organic 
matter shows characteristic UV absorbance in the 
range of 215: 316nm (particularly in 254nm). 
The values of the UV254 absorption (Table 4 and 
Fig. 10) show that there was a variance in the 
measurements, where it is ranged from 0.01 to 
0.14. The highest value recorded in July (0.092), 
while the lowest values recorded in December, 



80

Env. Biodiv. Soil Security Vol. 3 (2019)

SABRY A. ABDALLAH  et al.

TA
B

L
E

 4
. T

he
 a

nn
ua

l a
ve

ra
ge

 (±
 S

.E
) o

f s
om

e 
w

at
er

 p
hy

si
ca

l a
nd

 c
he

m
ic

al
 p

ar
am

et
er

s u
nd

er
 in

ve
st

ig
at

io
n.

Lo
ca

tio
n

Tu
rb

id
ity

 (N
T

U
)

 C
ol

or

 (m
g 

L
-l )

T
D

S 
(m

g 
L

-l )
T

SS
 (m

g 
L

-l )
T

S 
(m

g 
L

-l )

A
lq

am
25

±2
.9

 a
b

12
0.

2±
11

.9
 a

b
 3

07
.3

±6
.0

 d
 3

6.
3±

7.
3 

c
 3

43
.6

±8
.9

 e
A

l T
ai

ry
ya

h
 1

9.
8±

3.
1 

d
 8

5.
6±

12
.6

 e
 3

23
.2

±8
.2

 b
 3

7.
1±

6.
4 

c
 3

60
.3

±1
0.

2 
c

M
ar

ka
z 

B
ad

r
 2

2.
4±

2.
1 

c
 1

13
.5

±1
6.

1 
c

 3
12

.9
±7

.9
 c

d
 4

1.
6±

5.
5 

c
 3

54
.5

±8
.6

 c
d

Sh
ub

ra
 O

se
im

 2
4.

1±
3.

4 
b

 1
13

.2
±1

4.
1 

c
31

8.
9±

4.
9 

bc
 5

4.
1±

8.
1 

b
 3

73
.0

±5
.5

 b
M

ah
al

at
 M

en
ou

f
 2

1.
5±

2.
 9

 c
 9

5.
4±

11
. 4

 d
 3

25
.3

±1
4.

6 
b

 2
2.

8±
5.

4 
d

 3
48

.2
±1

6.
4 

de
A

ch
en

aw
ai

25
.4

±3
.7

 a
b

 1
21

.6
±1

9.
6 

a
 3

83
.5

±1
4.

3 
a

 6
0.

6±
6.

9 
a

 4
44

.1
±1

4.
9 

a
M

it-
H

eb
ei

sh

A
l B

ah
re

ya
h

 2
1.

44
±3

.0
 c

 1
02

.2
±1

9.
1 

d
32

5.
1±

9.
0 

bc
 2

8.
9±

5.
8 

d
 3

54
.0

±1
0.

0 
de

N
af

ya
 2

5.
9±

3.
2 

a
11

4.
7±

16
.0

 b
c

32
2.

2±
10

.0
 b

c
 2

4.
2±

4.
6 

d
 3

46
.4

±1
2.

0 
e

 B
eh

ei
ra

22
.8

±0
.5

 b
10

8.
1±

1.
9 

a
31

5.
6±

1.
2 

b
42

.2
±1

.4
 a

35
7.

9±
1.

2 
b

 G
ha

rb
ia

23
.6

±0
.6

 a
10

8.
4±

1.
2 

a
33

9.
1±

2.
7 

a
34

.1
2±

1.
32

 b
37

3.
2±

3.
1 

a

L
oc

at
io

n
E

C
 (µ

S 
cm

-1
)

pH
C

l (
m

g 
L

-l )
U

V
24

5
C

O
D

A
lq

am
 5

22
.9

±1
2.

5e
 7

.5
±0

.1
 b

 4
3.

55
±2

.2
2 

f
 0

.0
55

±0
.0

05
 e

19
.7

±1
.5

 b
cd

A
l T

ai
ry

ya
h

 5
53

.2
±1

5.
1 

b
7.

5±
0.

1 
ab

 4
6.

5±
1.

79
 e

 0
.0

55
±0

.0
07

 e
 1

8.
6±

1.
7 

cd
M

ar
ka

z 
B

ad
r

 5
38

.9
±1

4.
3 

c
7.

5±
0.

1 
ab

 4
6.

39
±3

.2
7 

e
 0

.0
57

±0
.0

05
 d

e
 1

7.
9±

1.
1 

d
Sh

ub
ra

 O
se

im
 5

53
.2

±9
.6

 b
 7

.4
±0

.1
 b

 4
9.

98
±2

.0
4 

b
 0

.0
68

±0
.0

08
 b

21
.7

±2
.0

 a
b

M
ah

al
at

 M
en

ou
f

 5
32

.2
±1

6.
5 

cd
 7

.4
±0

.1
 b

 4
7.

46
±2

.2
9 

de
0.

06
4±

0.
00

5 
bc

20
.6

±1
.4

 b
c

A
ch

en
aw

ai
 5

78
.9

±2
6.

1 
a

 7
.6

±0
.1

 a
49

.1
2±

3.
68

 b
c

 0
.0

76
±0

.0
06

 a
 2

3.
5±

1.
7 

a
M

it-
H

eb
ei

sh

A
l B

ah
re

ya
h

 5
34

.6
4±

14
.3

 d
 7

.5
±0

.1
 b

 5
1.

63
±2

.4
 a

 0
.0

55
±0

.0
09

 e
 1

9.
6±

2.
3 

cd

N
af

ya
 5

31
.1

±1
5.

3 
d

7.
5±

0.
1 

ab
 4

8.
22

±1
.9

8 
cd

 0
.0

6±
0.

00
5 

cd
19

.6
±1

.2
 b

cd
 B

eh
ei

ra
54

2.
1±

2.
2 

a
7.

5±
0.

0 
a

46
.6

±0
.5

 b
0.

05
9±

0.
00

1 
b

19
.5

±0
.3

 b
 G

ha
rb

ia
54

4.
2±

2.
4 

a
7.

5±
0.

0 
a

49
.1

±0
.4

9 
a

0.
06

4±
0.

00
1 

a
20

.8
±0

.3
 a

 *
 S

.E
: S

ta
nd

ar
d 

er
ro

r. 
M

ea
ns

 fo
llo

w
ed

 b
y 

th
e 

sa
m

e 
le

tte
r (

s)
 a

re
 n

ot
 si

gn
ifi

ca
nt

ly
 d

iff
er

en
ce

 (P
= 

0.
95

 le
ve

l),
 T

ot
al

 so
lid

s (
TS

); 
to

ta
l d

is
so

lv
ed

 so
lid

s (
TD

S)
; t

ot
al

 su
sp

en
de

d 
so

lid
s (

TS
S)

;
ch

em
ic

al
 o

xy
ge

n 
de

m
an

d 
(C

O
D

) a
nd

 U
V

25
4 a

bs
or

ba
nc

e



81

Env. Biodiv. Soil Security Vol. 3 (2019)

MONITORING WATER QUALITY OF SOME CANALS IN DELTA REGION, EGYPT

c b ab

d

d

c

bc
bc

e

d

cd

d
b

ab

c

c

b

a

a
cd

cd

c
bc

cd
c

a

e

b b
cd ab c b c

e cb
ab

bc

b

a

ef
abc

b

d

c
b

c

350

400

450

500

550

600

650

700

March April May June July August September October November December January February

EC
(µS

 cm
-1 )

Beheira Governorate
Alqam Al Tairyyah Markaz Badr Shubra Oseim

a

ab a

d

cd

de

d

de

a

d
de c

a

c

e

a

e

b

a

a
a

a

a

b

c
ab

bc

c

d g

a

e
c d

de

a

c
a

d d

c
f c

e

b

b

cde
b

350

400

450

500

550

600

650

700

750

March April May June July August September October November December January February

EC
(µS

 cm
-1 )

Sample collection dates

Gharbia Governorate
Mahalat Menouf Achenawai Mit Hebeish AlBahreyah Nafya

502
541

504
556

618
605

503
509

508
526

535
527

518
474

521
541

501
470

395
482

506
399

479
446

448
511

541

551
442

579
551

436

488

559
549

586
490

456
483

512

598

683

581

549
564

636
494

535

548

582

569

564

449
578

585
543

569

549

556

583

529

642

505
508

487

528

566

513

627

605

541
572

524

567

572
573

534

658

535
612

576

589

547

600

559

703

565
568

525   e

532   b

553   c

552   b

551   cd

611   a

653   d
590   d

0 1000 2000 3000 4000 5000 6000 7000 8000

EC(µS cm-1)

S
am

pl
in

g 
si

te
s

March April May June July August September October November December January February

Fig. 2. EC values (µS cm-1) at investigated sites in the west and middle delta regions (A: Site monthly average; B: 
site average and the cumulative value of water parameter and C: region monthly averages and the annual 
averages).
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Fig. 3. Turbidity values (NTU) at investigated sites in the west and middle delta regions (A: Site monthly average; 
B: site average and the cumulative value of water parameter and C: region monthly averages and the 
annual averages).
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Fig. 4. Color (mg Pt L-l) at investigated sites in the west and middle delta regions (A: Site monthly average; B: 
site average and the cumulative value of water parameter and C: region monthly averages and the annual 
averages).
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Fig. 5. TDS values (mg L-1) at investigated sites in the west and middle delta regions (A: Site monthly average; B: 
site average and the cumulative value of water parameter and C: region monthly averages and the annual 
averages).
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Fig. 6. TSS values (mg L-1) at investigated sites in the west and middle delta regions (A: Site monthly average; B: 
site average and the cumulative value of water parameter and C: region monthly averages and the annual 
averages). 
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Fig. 7. TS values (mg L-1) at investigated sites in the west and middle delta regions (A: Site monthly average; B: 
site average and the cumulative value of water parameter and C: region monthly averages and the annual 
averages).
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Fig. 8. pH values at investigated sites in the west and middle delta regions (A: Site monthly average; B: site average 
and the cumulative value of water parameter and C: region monthly averages and the annual averages).
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Fig. 9. Cl- ion content (mg L-1) at investigated sites in the west and middle delta regions (A: Site monthly average; B: 
site average and the cumulative value of water parameter and C: region monthly averages and the annual 
averages).
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Fig. 10. UV254 absorbance values (Abs cm-1) at investigated sites in the west and middle delta regions (A: Site 
monthly average; B: site average and the cumulative value of water parameter and C: region monthly 
averages and the annual averages).
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January and February (0.039, 0.040 and 0.043, 
respectively). Achenawai site recorded the 
highest value (0.076), while, Alqam and Al 
Tairyyah sites recorded the lowest values (0.055, 
0.055, respectively). The annual averages of the 
two governorates were converging (with 0.064 
and 0.059 for Gharbia and Beheira governorates, 
respectively). Monthly values were more variable 
in Gharbia than Beheira.

Chemical oxygen demand (COD) is a measure 
of the amount of oxygen equivalent consumed by 
the oxidation of chemicals, whether organic or 
inorganic by a strong chemical oxidizing agent 
in an acidic medium. While, Biological oxygen 
demand (BOD)is the measure of the oxygen 
required by microorganisms whilst organic matter 
decomposition for a particular time (generally 
5 days) under aerobic conditions (Moussa, 
2003). And so, on both are a factual measure of 
contamination, which is an environmental serious 
dilemma. COD analysis needs 3-4 hours to 
estimate organic matter, rather than the five days 
required by the BOD test, and it can be used to 
predict BOD. The BOD/COD ratio is typically 
0.5 for the most samples. So, COD can be used 
as an alternative to BOD to determine water 
chemical pollution. The values of COD (Table 
4 and Fig. 11) show that most values exceed the 
maximum permissible limit of guidelines adopted 
in this study (all except one measurement Alqam/
December). There were differences among COD 
measurements, where the values ranged between 
9.09: 40.61 mg L-1, the maximum monthly values 
recorded in July (29.33 mg OL-1) while the lowest 
values were recorded in December (13.98 mg 
OL-1). The highest value of COD recorded at 
Achenawai site (23.45 mg OL-1) while the lowest 
one recorded in Markaz Badr site (17.9 mg O 
L-1). There was a convergence between the annual 
average of the two governorates (20.8 and 19.47 
mg OL-1 for Gharbia and Beheira, respectively).

In general, the water quality decreases (the 
rate of pollution increases) in the summer months 
and reaches its lowest level in August month 
and then starts to rise to reach its highest level 
in January. On the other hand, Achenawai is the 
most polluted sites (least in water quality) at 
all sites, also the most polluted site in Gharbia 
and the most polluted sites in Beheira is Shubra 
Oseim. While Mahalat Menouf and Al Tairyyah 
were the lest polluted sites ever. The values of 
all studied parameters in Gharbia exceeded those 
in the Beheira governorate except for turbidity. 

Thus, the studied sites in Gharbia are considered 
to be less water quality than those in Beheira 
governorate and are more polluted (Fig. 12).

Discussion                                                                  

From the previous data, we can conclude that 
pH value and Cl- ion content elevated in December 
(winter season) and decline at hot months. pH 
value was always on the alkaline side and had low 
convergent. Chloride content in water indicates 
existence an organic waste principally of animal 
origin (Thresh et al., 1949). The elevated pH values 
may be attributed to the increased denitrification 
(NO2

- → NO3
- → NH3

+) in water, under the 
anaerobic conditions, which resulted from the 
decomposition and death of phytoplankton, under 
the low winter temperatures. Respectively, it has 
been suggested that the higher Cl- conc. during 
low flow, conditions can be attributed to wastes 
quantity stability, special municipal and sewage 
with lack of water flow in December and winter 
months in general. Also, more sewage resulted in 
more NH3

+ concentration and more decline in pH 
values (Shabana 1999).

EC values were also elevated in September 
(the hot months) and decline in May month 
(spring month). This may attribute to the increase 
in the evaporation rate, where the temperature 
impacts the rate of rock chemical weathering 
(Wetzel 1983). The value of EC is related to 
water inorganic pollution. So, the decline of EC 
values may attribute to declining nutrients leaches 
in this period (Fertilization is not practiced in 
this period). The maximum values of TDS and 
TS recorded in July, while the minimum values 
recorded in March. This may be due to the 
increase in water temperature, which increases 
evapotranspiration (Mohamed and Abdel-Satar 
2005). This increase the inorganic portion and the 
increase of phytoplankton growth responsible for 
the organic matter part of TS. 

It is noted that Color, COD, and UV254 values 
increased through the hot months compared with 
the cold months (11, 12, 1, and 2). This may be 
attributed to the growth of phytoplankton and the 
increase in photosynthesis with high temperature. 
Whereas, phytoplankton was a major contributor 
to the organic matter in the watercourse. High 
water and air temperatures also increase the rate of 
organic matter decomposition (Abdo 2002; Elewa 
et al. 2007). Resulting in an increase in the value 
of UV254 absorption, which is associated with 
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Fig. 11. COD mg OL-1 Values at investigated sites in the west and middle delta regions (A: Site monthly average; 
B: site average and the cumulative value of water parameter and C: region monthly averages and the 
annual averages). 
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Fig. 12. Cumulative percentage of the studied parameter at investigated sites in the west and middle delta regions 
(A: Site annual average; B: Sample site average C: Governorate annual averages).
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the amount of organic matter in water and also 
increases color value due to increased chlorophyll 
conc. in water associated with the increase of 
phytoplankton biomass (Ogawa 1990).

But there are other sources of pollution 
in the watercourses. Owing to industrial and 
agricultural activities huge amounts of untreated 
urban municipal, industrial wastewater and rural 
domestic wastes discharge into the canals or 
agricultural drains (Stahl et al. 2009). Also, the 
excessive use of water and chemical fertilizer 
leads to nutrient leaching to agricultural drains. 
Which directly pour into different irrigation 
channels without purification. Which increases 
the concentration of nutrients (especially nitrogen 
and phosphate) in the water of irrigation channels, 
which improve phytoplankton growth, especially 
with the availability of the appropriate climate. 
This is in addition to the problem of Sewage. In 
our studied region, untreated sewage wastes are 
discharged into drains and canals (in officially or 
unofficially manner).

As we mentioned earlier in the material 
and methods (Table 2). There is a difference 
in soil type between the two studied regions. 
Gharbia characterized by clay soil, while the 
soil texture in most areas of Beheira is sandy 
soil (except for Shubra Oseim). Soil texture has 
a significant role in the leaches of nutrients into 
the different watercourses, both groundwater, 
and surface. Sandy soils have low water and 
cation/anion holding capacity and are thus apt 
to leach (Shepherd and Bennett 1998). The rate 
and the total amount of leached ions influenced 
by many other factors, including soil nutrient 
exchange capacity, the total amount of irrigated 
water, rate and form of fertilizer, solubility, and 
ion adsorption and the presence of associated ions 
(Havlin et al. 1999).

The main source of water for both regions 
is Rasheed branch, which receives more than 
3 million cubic meters daily of untreated or 
partially treated domestic and industrial wastes 
and in addition to agricultural drainage water (El 
Gammal and El Shazely, 2008). In order to satisfy 
the water demands of the Western Delta irrigation 
improvement project, the water of many drains 
(El-Rahawy, El-Nasr-3, El-Umoum, Tharwat, 
Abu-Almatamir, Edko, and Zarkon drains) are 
discharged directly to Western Delta Canals, 
which impact the water quality (Agrama and El-
Sayed 2013). According to the previous reasons 
(water reuse, sandy soil, agricultural crops with 

high fertilizer requirements and excessive use 
of agrochemicals), water quality in the Beheira 
regions is supposed to be lower than that in the 
Gharbia regions. However, the results obtained 
confirm that the water quality of in Beheira 
is better than that in the Gharbia governorate. 
This may be due to the use of sprinkler and drip 
irrigation whereas; the only region using surface 
irrigation Shubra Oseim had the lowest water 
quality in Beheira. Drip irrigation system reduces 
overland flow, in contrast, surface irrigation 
increases the runoff and the leaches of nutrients 
into watercourses. That polluted the surface and 
groundwater resources (Damodhara 2013)

Conclusion                                                                

The studied water canals in the west and 
middle delta regions of Beheira and Gharbia 
suffer from organic pollution where the values 
of COD and UV254 have increased. Although the 
quality of the water according to the different 
guidelines used is satisfactory. It is also noticed 
that the level of water quality is relatively high in 
the region of Beheira compared with the regions 
of Gharbia Despite the availability of many factors 
that increase the pollution of the regions in the 
Beheira gov. in terms of soil type, cultivate crops 
voracious to Nutrient, overuse of agricultural 
chemicals, poor quality of water used in irrigation 
region (water mixed with large proportions of 
untreated agricultural drainage is used). The high 
water quality in the Beheira Governorate may 
be due to the use of spray irrigation and drip 
irrigation, which reduces nutrient leaching from 
the fields to the watercourses. Therefore, the study 
suggests the extensive use of spray irrigation and 
drip in the appropriate places after conducting the 
appropriate studies so that we can overcome the 
problem of pollution in the watercourses.
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