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ARTICLE INFO ABSTRACT

Keywords: Lake Burullus is considered one of the most valuable northern lakes in Egypt due to its unique ecological system
Lake Burullus and special location. Over the past four decades, the lake has suffered from high contamination levels due to
Contamination

expansion in fish farming and increasing of agricultural drainage water entering the southern side of the lake
through eight influent drains. This research aims to assess the current situation of the lake’s influent drains. For
this purpose, two types of statistical analysis, Mean average method, and Analysis of Variance (ANOVA) were
used. The water quality conditions for six major drains (Therah (Tira), Nashart, Zaghloul drain, Drain 7, Drain 8,
and Drain 11) have been evaluated with respect to the limits of the Egyptian regulations (law No. 48/1982). First
drain chemical pollution index (DCPI) was used to classify the influent drains categories (from excellent to bad)
with respect to the water quality conditions. After that the hotspots for domestic, industrial wastewater and
agricultural drainage water have been specified using ANOVA. The analysis was conducted using the data
compiled during 2018, 2019, and 2020 for six main parameters (BOD, DO, NHy4, NO3, TSS, and TDS). The results
show that Nashart, Tira and Zaghloul drains should have priority to be treated due to their relatively bad water
quality conditions and Nashart drain is considered the worst of them. Also, the comparison between the Mean
average statistical analysis method and one-way ANOVA shows that ANOVA is more reliable because it considers
many parameters at the same time plus considering the frequency trend. the adopted approach and techniques in
this study can help the decision makers in setting the priorities for the rehabilitation projects of the agricultural
drains in Egypt.

Drain-Chemical
Pollution-Index (DCPI)

Water quality data (WQD)
ANOVA (Analysis of Variance)

are fish farms, farmland, and cities, discharge into the lake annually. The
Lake’s Mediterranean water is salty. Effluents drains is discharged into

1. Introduction

The Egyptian northern lakes used to be one of the main sources for
fishing. In the past, they supplied more than half of Egypt’s fish catch. In
2016, however, they contributed to just approximately 10 % of the
catch. Mariout, Edku, Manzala, Burullus, and Bardawil are five lakes on
Egypt’s northern coast which account for approximately 77 % of all fish
collected in Egyptian lakes [10]. Egypt’s north coast’s most valuable
environmental lake is Lake Burullus. Unfortunately, this lake suffers
from high contamination levels. The high level of contamination in Lake
Burullus is placing extensive stress on the lake’s ecosystem causing
serious repercussions on the aquatic life in the lake and the human
health of the surrounding communities [2]. Pollutants sources includes
untreated home sewage, waste from fish farms, industrial waste, and
agricultural drains that served 350,000 feddanOne fresh-to-salt water
canal and eight drains effluent (3900 million m3/year), which sources
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Lake Burullus, which contains heavy loads of fertilizers, insecticides and
oxidized organic remains that have caused severe water quality and
eutrophication problems [15,20].

The state of a lake and its ecosystem is directly related to the quality
of its water. Lake water quality may be affected by several external
causes, including pollution, runoff from land, and climate change. Low
levels of oxygen and algal blooms are only two of the many problems
that might result from water that isn’t of high enough quality. Lake
Burullus is the second largest coastal lagoon in Egypt, although its
ecosystem has suffered due to its central placement inside the Nile-Delta,
from which it gets most of the region’s drainage water via several
agricultural drains. Agricultural fertilizer and toxic metals pollute the
freshwater that drains off the land [11,16]. The Egyptian Environmental
Affairs Agency EEAA prioritized water quality maintenance in these
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lakes, with a focus on the critically important Lake Burullus, because of
the water quality decline along the Egyptian coast. The first stage in
water quality management is conducting a water quality assessment to
determine the state of the drainage region. Heavy metals and nutrients
are becoming increasingly concentrated in lakes due to a few factors,
including the introduction of untreated sewage, the growth of aqua-
culture near lake shores, and the extension of irrigated farmland. Adding
a second artificial outlet for the lake or constructing drain discharge
treatment facilities were the two most cost-effective options for better-
ing the lake’s water quality [8].

High levels of organic matter in Lake Burullus have led to the lake’s
classification as having poor, deteriorating water quality according to
the trophic status index [7]. Drainage water pollution, as determined by
[12], causes higher amounts of Zn, Fe, Cu, Cd, and Pb in the water of
Lake Burullus on its southern shores compared to its northern shores.
Mean heavy metal levels decreased as follows, according to research
conducted by El-Alfy et al. [5]: the arrangement according to the study
from the highest to the lowest respectively Mn,Fe, Zn, Co, Cu, Cd, Ni, Pb
and Cr. All the samples had Cd levels that were higher than what is
considered acceptable for sediment. According to Hany et al. [11], the
examined water quality indicators improved significantly in the lake
inlet and the eastern section, where the dredging operation was carried
out, but improved less in the western part. The influent drains that
discharge into the lake are considered one of the major reasons of water
deterioration in the lake. Therefore, it becomes crucial to find solutions
to improve the water quality of the influent drains which will conse-
quently improve the water quality in the lake.

The first step to treat the water body is to assess the present condi-
tion. So, the aim of this research is to assess the influent drains of Lake
Burullus. There are many methods used in assessing the water bodies
quality. One of these methods is (Analysis of Variance) ANOVA which is
a statistical method used for getting more accurate data depending on
(maximum, minimum, mean average). Much research has been con-
ducted and utilized the two-way ANOVA to evaluate the quality of
water. In 2017, Vishnu Radhan et al. [18] used ANOVA to assess the
water quality near Malaysia’s cities. Water quality parameters (pH, TDS,
DO, and BOD) were studied, and the results show that the water quality
is declining dramatically for the studied area. Additionally, it claimed
that the side rivers on the Malaysian peninsula were more contaminated
than the main river. Consequently, maintaining the settings will be able
to address issues and prevent the oxygen from running low. Tiri et al.
[17] studied the water quality of Koudiat Medouar, in East Algeria,
using a mixture of hierarchical cluster analysis (HCA) and analysis of
variance (ANOVA). According to this study, the water in this region is
alkaline, which indicates that it has a high electrical conductivity, and it
is found that variables Mg, Ca, HCO3, pH, NO3 and SO, were all
considered crucial for study observing station.

Mohsen M. Yousry and El Gammal [19] compared the mean values of
Nile River surface water quality parameters by using ANOVA with
standards of Law 48/year 1982 when compared to their mean levels.
COD had slightly higher levels. These factors explain over 74.7 % and
67.1 % due to agricultural uses mixed (TDS, TSS, and nitrate) during
February and agricultural uses mixed with residential wastewater (TDS,
BOD, and nitrate) during August cause water quality fluctuations. Bac-
terial pollution ranks second and third in August and February,
respectively. TDS, TSS, NO3, BOD, COD, FC, TC, pH, and DO were the
most essential indicator parameters for water quality index calculation
according to Varimax rotated factors for the first three rotated variates
along the Nile during August the arrangement according to the study
from the highest to the lowest respectively (FC, pH, NO3, TC, TDS, BOD,
TSS, DO and COD). Factor analysis can assist decision makers measure
pollution using practical indicators.

[6] explained that studying of heavy metals in the aquatic system can
give important information about the amount of pollution in the envi-
ronment. Lee and Wendy [13] suggested by using ANOVA that heavy
metals might be in Lake Burullus because fertilizer waste from farms got
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into the water system. Fe, Mn, Cu, Zn, and Cd each had between 308 and
765, 43.4 t0 97.8, 16.2 to 38.6, 28.0 to 92.8, and 0.40 to 4.60 g/L. The
amount of metal in different places and at different times of the year was
very different (P less than 0.05). This trend of ANOVA could be caused
by the effect of sewage effluents from several drains, where organic
matter levels are rising, and layers are clay-like [12]. But Cu and Cd
amounts in many samples were higher than the British Columbia Min-
istry of Environment and Climate Change Strategy’s chronic standards
for freshwater (10.6 and 0.46 g/L) and saltwater (2 and 0.12 g/L). On
the other hand, El-Alfy et al. [5] found by using ANOVA that Cd is a flaw
in many chemicals, such as phosphate fertilizers. The Cu and Cd in the
drainage water are often blamed for this, and agricultural goods are one
of the main sources of these metals [4]. Positive correlations of ANOVA
(n =12, P less than 0.05) between Cu/Cd levels in the winter (r = 0.83)
and summer (r = 0.77) showed that they both came from farming
chemicals. As a result, Cu and Cd got into the lake water, which hurt the
ecosystem and other living things [14].

Al-Afify et al. [3] used ANOVA to assess the water quality condition
of Lake Burullus. The research showed that according to Water Quality
Index (WQI), Lake Burullus was including various bacterial groups in its
influent drains water and heavy metals in most lake stations. Moreover,
DO, NH3-N, Cu, and Cd have the biggest effect on (WQI), which indicates
the presence of excessive discharge from agricultural drains. Twenty-
nine percent of lake water samples had low metallic pollution, 33 %
of samples had moderate heavy metal pollution, and lastly, 38 % had
high metallic pollution.

From the previous literature, it was found that lake Burullus influent
drains are highly contaminated, which consequently affects the water
quality in the lake itself. Therefore, it becomes a must to monitor these
drains and assess them to highlight the hotspot areas which have the
priorities for treatment in order to improve the quality of water and the
aquatic life in both the drains and the lake. Conducting a comprehensive
statistical analysis of the water quality data from those drains is
considered an important step towards the better understanding of the
current situation and providing a tool for the prioritization of the water
quality improvement plans.

2. Research objective

Lake Burullus water quality is affected by domestic waste, fish farms
wastes, agriculture farms and it is highly affected by its influent drains
which dump their waste into the lake. The goal of this study is to assess
the lake’s influent drains and find the Drain Chemical Pollution Index
(DCPI) to evaluate the drains water quality condition with respect to the
law 48 limits and to realize the hotspots for domestic wastewater,
agricultural waste, industrial waste, or a mixture of these. The study
focuses on Therah (Tira), Nashart, Zaughloul drain, Drain7, Drain8, and
Drainll. The data analysis was conducted during 2018, 2019, and 2020
during. The study is considered as an evaluation of lake Burullus drains
area using ANOVA for WQD. Drains assessment will help the decision
maker of the rehabilitation project of Egypt villages to evaluate the
current situation and to select the drains that have the most priority to
be treated which will improve the water condition of drains and lake.

3. Material and methods
3.1. Research area

Lake Burullus is one of the largest coastal lakes in Egypt. It is located
between the Delta branches. Lake’s coordinates are 31° 36' N and 30° 33
E in north - west, 31° 36’ N and 31° 07’ E in the north — east, 31° 22'N and
30° 33'E in the south — east, 31° 22’ N and 31° 07’ E in the south — east.
The area of the lake is 420 km? and 54-km-long on the Mediterranean
side of the lake. From west to east, the land is between 3 km and 12 km
wide. Except for the entrance, where the water can get as deep as 4 m,
most of the lake is only 0.4 to 2.0 m deep [1]. The main sources of water
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are the Burullus West Drain, drain 11, Nashart drain (Drain9), drain 8,
drain 7, Tira Drain, Zaghloul drain, Burullus drain, and the Bermbal
canal. Fig. 1 shows the map of Lake Burullus drains and the location of
monitoring stations. The major source of wastewater comes from the
agricultural area, which, according to the research study, the drains
about 350,000 feddan. This part of the Nile Delta has a high average
population density that is approximately 1540 cap per square kilometer,
so the drainage area has a high intensity. Agricultural runoff water (3.9
billion m®/year) is discharged into Lake Burullus through seven drains;
this water carries with it significant loads of pesticides, oxidized organic
debris, and fertilizers from nearby farms and industries [15,20].

3.2. Data collection

Studied drains were monitored monthly from August 2018 to July
2020 by the Housing and Building National Research Center (HBRC). Six
parameters of water quality were recorded (Dissolved-Oxygen (DO),
Biological Oxygen Demand (BOD), Total Dissolved Solids (TDS),
Ammonium (NHy), Nitrate (NO3), and Total Suspended Solids (TSS). as
well as the flow rate of all drains. The eastern, middle, and western
basins of lake Burullus are split. Fig. 1 shows the sampling details,
including their latitude and longitude, and includes the name of the

Ain Shams Engineering Journal 15 (2024) 102652

drain and sample location for each drain. For example, Nashart drain is
located at 31°31'22.15" Latitude and 31° 5'51.36" Longitude. At the
outfall, 241 samples were taken for all stations.

3.3. Research methodology

Fig. 2 illustrates the flow chart of the study methodology. The study
outline starts with sample data which was collected for Lake Burullus
influent drains. Then, water quality data was classified according to
characterization (Physical, Chemical, Anions and cations). The study
utilized two types of statistical analysis, Mean average method, and
ANOVA.

Based on the average mean and risk assessment, a drain chemical
pollution index (DCPI) was calculated, taking into consideration agri-
cultural waste, domestic waste, and industrial waste. The results used to
classify the influent drains categories (from excellent to bad). Then, an
evaluation of the drains was conducted using the two statistical methods
and the drains were ranked according to their water quality condition.
Finally, a comparison between the results of the used methods have been
carried out.
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Fig. 1. ArcGIS Map of Lake Burullus drains with selected drains stations.
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Fig. 2. Flow chart of the study Methodology.

4. Results and analysis

Water quality data was utilized to identify the drains with high
pollution levels. First, the DCPI assigned a unique index of each station
depending on the concentration of pollutants in each drain according to
the defined chemical parameters. Then, the studied drains were priori-
tized for treatment based on the analysis results by ANOVA considering
the maximum frequency repeated data.

4.1. Classification of studied drains according to DCPI

As shown in Table 1, the chemical pollution index divides the water
quality parameters into two groups. The first group includes DO, NH3
and BOD. The index varies from one to ten. Ten means very poor water
quality while one means excellent water quality conditions. The second
group includes NOs -, POy4.3, TSS, and TDS. The index varies from one to
five. The highest index value 5 indicates extremely bad conditions and
the lowest index value 1 indicates excellent conditions.

The score classes were chosen based on the literature’s descriptions
of concentrations in extremely polluted and uncontaminated areas. [9].
The WQD average mean for each parameter of each drains samples
through the study period was compared with chemical pollution index
which is shown in Table 1(index ranking). It is found that Lake Burullus
influent drains are considered as a “Bad category” in the two groups as
all the parameters mean value are over the category as shown in Tables 2
(calculated index for the case study).

4.2. ANOVA analysis technique

A one-way ANOVA is used to analyze the WQD (BOD, DO, NH4, TSS,
TDS and NOg3) through the study period. A statistical examination was
conducted to qualify the water quality parameters data. The water
quality data which recorded p-value less than o value of 0.05, where o
indicates a five percent deviation of the mean values, are considered
reliable (significant) to be used in the statistical analysis as shown in
Table 3. The results were selected depending on the data frequency. By
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Table 1

Groups for the Chemical Pollution Index.

(A) Ammonia (NH3), Dissolved Oxygen (DO) and Biological Oxygen Demand (BOD)

Description Index NH3(mg/1) DO (mg/1) BOD (mg/1)
Excellent 1 0 < 0.25 7+ 0<1

Very Good 2 0.25 < 0.5 6<7 1<2

Good 3 05<1 5<6 2<4

Fair 5 1<25 3<5 4<6
Poor 7 25<5 1<3 6 <10
Very Poor 9 5<10 0<1 10 <15
Bad 10 10+ 0 15+

B) Total Orthophosphate (Orth-PO4 3-), Nitrate (NO3 -), Total Suspended Solids (TSS)
and Total Dissolved Solids (TDS).

Description  Index  O-PO4— NO3-(mg/ TSS(mg/  TDS (mg/
(mg/1) D b} D
Excellent 1 < 0.10 <0.1 <30 < 200
Good 2 0.1 <0.5 0.1 <0.5 30 <50 200 < 300
Fair 3 0.5<1.0 0.5<1.0 50 < 100 300 < 500
Poor 4 1.0<20 1.0<15 100 < 500 < 800
300
Bad 5 2.0+ 1.5+ 300+ 800+
Table 2

Calculated Drains’ chemical pollution index (DCPL).

(Table 2-a) calculated DCPI for BOD, DO, NH3

Name Category Index NH3(mg/ DO (mg/1) BOD (mg/
D D

Drain No-11 Bad 10.00 11.25 0.85 34.00

Drain No-7 Bad 10.00 2245 4.01 35.00

Drain No-8 Bad 10.00 10.65 2.74 26.00

Zagloul drain  Bad 10.00 7.15 3.04 30.50

Nashartdrain  Bad 10.00 11.37 0.31 51.00

Tira drain Bad 10.00 3.40 1.98 34.50

(Table 2-b) Calculated DCPI for TDS, TSS, NO3, PO4-3

Name Category Index  O-PO4— NO3- TSS TDS

(mg/1) (mg/l)  (mg/l)  (mg/l)

Drain No- Bad 5.00 1.47 1.55 26.00 966.00
11

Drain No-  Bad 5.00 1.33 13.55 95.00 2796.15
7

Drain No-  Bad 5.00 0.98 9.65 27.00 1792.50
8

Zagloul Bad 5.00 1.41 5.50 33.00 1589.50
drain

Nashart Bad 5.00 1.53 6.35 88.50 1680.32
drain

Tira drain Bad 5.00 1.14 18.45 53.00 2499.00

using this technique, it was found that Nashart drain and Tira drain are
the worst drains with respect to other drains.

4.3. Comparison between the mean average statistical analysis and
ANOVA analysis

The results of ANOVA analysis were compared to the results of the
Mean average analysis results. Both depend on the max, min, and mean
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average but only ANOVA ’s results take into consideration the frequency
of repeating high contamination conditions with time. ANOVA shows
the trend of data by showing the frequency of most repeated data along
the study period the measured variance. Fig. 3 shows the technique of
ANOVA with (BOD) parameter as an arrangement of the frequency of
repeated data.

Table 4 presents the statistical analysis output using the Mean
average technique regarding to the allowable limits. This method does
not consider the variation in parameters (such as frequency) or repeated
measurements. It was noticed that all drains exceed the allowable limits
for all drains. Nashart drain is the worst in BOD, while Drain 11 is the
worst in DO, for TDS, TSS, and NHy4, drain 7 is the worst. Tira is the worst
in NOgs. Finally, the worst drains were Nashart drain, drain 11, drain 7,
and Tira drain.

On the other hand, ANOVA method is considered as more reliable
method due to the wide range of analysis by taking into consideration
several parameters such as year, chemical parameter, change of fre-
quency and show the trend of results as a graphical and numerical
equation with the most repeated value. The worst drains from ANOVA
analysis were Nashart drain, Tira drain and drain 7 due to domestic and
agricultural wastes with the most repeated WQ value (shown in Table 5).
The worst drain in BOD is Nashart, the worst in DO, TDS, NH,4, and NO3
is Tira drain, and the worst in TSS is drain 7. So, Tira drain, Nashart
drain and drain 7 have the priority to be treated.

It was found that ANOVA technique can be used in drains assessment
for any study area with a reliable result and giving suitable rearrange-
ment of zones. Also, this adopted approach and technique can help the
decision makers in setting the priorities for national rehabilitation
projects for the agricultural drains in Egypt.

Histogram

28 —

21—

Frequency
IS
|

5 10 15 20 25 30 35 40 45

BOD

Fig. 3. Histogram plots for (BOD mg/1) and frequency circle time.

Table 3
Regression between Drain Chemical Pollution Index (DCPI) of study drains parameters.
DCPI P-value F-value Std.Dev Mean C.V.% R? Adjusted R? Predicted R? Adeq Precision
BOD 0.0003 4.06 7.43 16.66 44.61 0.4074 0.3096 0.1653 8.2555
DO < 0.0001 3.5 1.22 3.46 35.32 0.7292 0.5209 0.1172 8.9993
NH4 < 0.0002 10.35 4.88 9.03 49.03 0.5732 0.5266 0.4583 10.9304
NO3 < 0.0003 12.05 5.31 9.97 53.25 0.5286 0.5286 0.4592 11.0304
TDS < 0.0004 6.94 662.47 2028.04 32.67 0.4392 0.3759 0.2831 9.6879
TSS < 0.0005 4.08 26.26 30.51 86.06 0.2381 0.2381 0.1175 6.6587
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Table 4

The water quality data (WQD) for study drains with MAX & MIN values at study period.

Salinity DO mg/1

TDS mg/1

Q(MCM) BOD mg/1 COD mg/1 TSS mg/1 NO3 mg/1 NH4 mg/1 pH

NAME.

AL max

min AL max min AL max min

max

AL

max min AL max min

AL

max min

AL

min AL max min AL max min

max

min

4.25
9.4

0.85
4.01
2.74
3.04
0.31

0.9
3.8

0.5

1235
4074

650
650
650
650
650
650

697

7.91
9.4
9.3

7-8.5
7-8.6
7-8.7
7-8.8

7.21
7.26
7.42
7.31
7.21
7.32

21

0.5
0.5
0.5
0.5
0.5
0.5

1.5
1.9

2.3

2.1

30

41

11
24

23
34
2

10
10
10
10
10
10

23
34
2

50
40
26
45

61

26
28

Drain No-11
Drain No-7

1.3
1.1
1

1518
1367
1279
787

600
100
13
600
5.4

310

30
30
30
30
30

166 6.1

48
54

15
13

42.6

3.75
6.01
6.6

2218

16.4
8.4

2.9
2.6

31.43
0.92

16.66
0.77

Drain No-8

1.8
3.4

31

1900
2574
3417

8.3

1.3
0.74
1.4

12

32

32
43
31

Zagloul drain

0.4
1.4

9.5
8

7-8.9

300.9
29.8

172
88

113
31

90
35

6

33.00
89.66

7.23

Nashart drain
Tira drain

5.35

1.98

1581

7-8.10

7.1

18

17

38.059
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Table 5
The Build Information of water quality data (WQD)of ANOVA analysis (Max,
Min, Mean and standard deviation).

Parameter Minimum Maximum Mean Std.Dev Ratio
BOD 4 50 16.94 9.76 125
DO 0.85 9.39 3.41 1.77 11.05
TSS 6 172 32.43 34.03 28.67
TDS 698 4105 2035 853 5.88
NO3 0.94 29.8 10.13 7.94 31.7
NH4 0.02 8 1.8 1.44 400

5. Discussion

ANOVA was used to find the best settings for processing based on
what the statistical analysis model by ANOVA should have. The analysis
was done using the multicable factor, which gave the best results ac-
cording to the limits of Egyptian law 48 and WHO standards methods. In
the study period, DO, TSS, and NH,4 were the factors that affected the
quality of the water. Fig. 4 shows that the BOD values change through
the year with respect to the flow rate, and there are less minerals in the
water if the conductivity goes over 6 ppm, that is not good for drains
according to law 48 of the WQ limit for lakes and drains. Also, the DO
concentration is found to be higher, which is good for WQ that also
shows how different factors change from station to station for the year
2020. This number is also a measure of all the solids that have dissolved
in drains during the study period. In the studied drains, the concentra-
tion of substance in the water has changed over time for three main
reasons: the first reason is a rise in the rate of discharge from agriculture
waste, the second one is the municipal waste, and the third is the change
in industrial waste. During the period from (January to April) for all
drains, the level of organic matter was high, but the levels of dissolved
oxygen, NHy4, and NO3 were low. Finally, there was a drop in discharge
and a high quantity of dissolved solids.

5.1. Studied water quality parameters

Studied water quality parameters through the worst study period
year 2020 has been assessed with respect to time. The study focused on
Nashart Drain as it’s considered as one of the worst drains and what
applies to it can be applied for any other drain. The results show that the
pollution fluctuated all over the year.

5.1.1. Biological oxygen demand (BOD)

It is the measure of dissolved oxygen that aerobic organisms need for
organic matter to break down in each water sample through the study
period. For Nashart drain, It was found that BOD levels in the drain vary
between 90 mg/l, and5 mg/1 which is higher than the allowable limits.
Fig. 4 shows the variation in BOD concentration through the year 2020.

5.1.2. Dissolved oxygen (DO)

It represents the total amount of oxygen available to aquatic or-
ganisms. The pollution through the different year time causes fluctua-
tion in DO which is a significant parameter of water quality data. Fig. 5
shows the change in DO concentration through the year 2020 for
Nashart drain. Nashart drain had a lowest value of DO 1.12 mg/1.

5.1.3. Nitrate (NO3)

It is a naturally occurring type of dissolved nitrogen in soil and water.
It is the plant’s major source of nutrients and may be utilized as fertil-
izer. After consuming, nitrates (NO3) transform into nitrites (NO2).
Fig. 6 represents the change in the nitrate through the year 2020.
Nashart drain recorded the maximum value of NO3 which is 11.6 mg/1.

5.1.4. Total suspended solids (TSS)
They are water particles removed with a filter. For TSS testing, a
filter that has already been weighed is used to filter a sample of water.
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Fig. 7 represents the change in TSS through the year 2020. Nashart Drain
has recorded the maximum value of TSS 172 mg/1.

5.1.5. Ammonium (NH4)
There are four primary causes of excessive ammonium levels in
wastewater; emissions, manufacturing exhaust, wastes from hospitals
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Fig. 7. Annual variations of TSS for year 2020 for Nashart drain.

and animal slaughterhouses. The release of untreated wastes that have
not reached a safe level, resulting in very contaminated surface water, is
also a major parameter. Fig. 8 shows the change in Ammonia concen-
tration through the year 2020. Nashart drain has recorded a maximum
value of 16 mg/1 for NHy.

5.1.6. Total dissolved solids (TDS)

Are expressed as milli-grams per liter (mg/L) and parts per million
(ppm). They consist of dissolved inorganic salts, mostly calcium, mag-
nesium, potassium, sodium, bicarbonates, chlorides, and sulphates, and
minor quantities of dissolved organic materials. According to the EPA’s
guidelines for secondary drainage water, drinking water should have no
more than 650 ppm of TDS. Fig. 9 shows the change in the total dis-
solved solids through the year 2020. Nashart drain has recorded the
maximum value 2574 mg/1 for TDS.

5.2. Drains assessment

Chemical parameter analysis by ANOVA was utilized to rearrange
and rank the drains according to the drain chemical pollution results
from the worst drain to the better one. Fig. 10 shows the Boxplots for
studied water quality parameters with different drains. The results show
the variability of water quality parameter values which support rear-
rangement of the drain treatment priority. Nashart drain and Zaghloul
drain have the highest BOD concentrations due to domestic load un-
treated, while Drain 7 and Tira drain has the highest concentrations of
TDS, TSS and NO3 which may be from drainage water, agricultural

waste, agricultural pesticides, and industrial waste. Tira drain and
Nashart drain have the highest NH,4 concentration and lowest DO con-
centration which may be an indication of the presence of the drainage
water, agricultural pesticides, agricultural waste.

Water quality parameter concentrations have various trends as it was
observed that the high organic concentrations were recorded and low
dissolved oxygen concentrations due to agricultural wastes, also
decrease at NH4 and NOj3 values. and high dissolved solids concentra-
tion. Also, the discharge was decreased through this period, and this is
the main cause for water quality deterioration from (January to April)
through this period. The DO concentration decreased by 33.37 %
compared with the DO concentration through the study period and the
concentration of BOD value changes with the variation of the water level
in the drains.

Finally, the analysis showed that Nashart, Tira and Zaghloul drains
have the priority to be treated due to their relatively bad water quality
conditions, and Nashart drain is considered the worst of them.

6. Conclusions

Water quality data was analyzed to assess the chemical pollution
index of Lake Burullus influent drains using one-way analysis of vari-
ance (ANOVA). This technique used the water quality data of 241
samples taken from nine different sites, to assess the water quality
conditions considering different water quality parameters (BOD, DO,
NH4, NO3, TSS, and TDS). The Drain Chemical Pollution Index (DCPI)
was calculated and showed that the drain water contains mixed
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Fig. 8. Annual variations of NH, for year 2020 for Nashart drain.
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wastewater (domestic, industrial, and agriculture). It also referred to the
location of hotspots of study area which exceed the allowable limits of
law48/1982 and WHO.

Comparing the output data of the used two statical methods, the
Mean average method and ANOVA analysis, has been carried out. The
Mean average method results indicate that the worst drains were
Nashart drain, Drain 7 then Drain 11. While ANOVA shows that Nashart
drain, drain 7 then Tira drain were the worst three drains.

ANOVA may be considered as a more reliable method compared to
the Mean Average Method as it takes into consideration several factors
such as year, water quality parameters, frequency of repeating the bad
records. Moreover, ANOVA can also show the trend of results as a
graphical representation and numerical equation.

The Chemical Pollution Index fluctuated through the study period for
Nashart. It was observed that the concentrations have various trends
because of the increase of the agricultural drainage discharge rate as
well as the domestic wastewater. Also, the concentrations of all studied
parameters have been increased during the period (January to April).

It was found that Nashart drain, Tira drain and drain 7 have the worst
water quality conditions among the investigated six drains, with a
recorded p-value less than 0.05 for all parameters. Therefore, it should
be the priority in future rehabilitation and upgrading projects to
improve its water quality condition.

Moreover, the adopted approach and techniques in this study can
help the decision makers in setting the priorities for national rehabili-
tation projects for the agricultural drains in the study area as well as
similar areas in Egypt.
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