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Water quality assessment based on CWQI and
NDW/I indices in Mariout Lake, Egypt

Abstract

Alexandria Governorate inhabited by 4 million people is located on the north western
edge of the Nile Delta. It extends about 70 kilometers north-west of the Nile Delta. Lake
Mariut, one of Egypt’s Northern Lakes facing the Mediterranean Sea, is located within
the Alexandria Governorate Borders. Since the last four decades. Lake Mariut falls under
enormous pressure of un-planned development, pollution and land reclamation. Now-a-day,
Lake Mariut suffers from pollution, reduction of its surface area, un-planned development
in a way that considerable part of the lake entered into possible irreversible processes. The
purpose of this study is to assess the degree of pollution in the context of CWQI (Canadian
Water Quality Index) in Mariut Lake by determining various physicochemical parameters,
as the concentration, PH, DO, BOD, CHL-a, TSM, NH4, TP, and NO3 during from 2010
to 2014._Using CWQI found that the water quality of the studied Lake is found according
to CWQIs model which indicates that water quality of this Lake is moderate and frequently
impaired for determining water quality and its area constantly decreased according to
NDWI. Results of this research showed that there are large variations in parameters in
different sections, and these variations are affected by different factors. Such pressures
deteriorated the Lake Mariut environmental resources quality, decreased it surface area and
created problems to the Large Marine Ecosystem (Eastern Mediterranean Part). The study
concluded that the area of the Lake Mariut was exposed to multiple stages of drying in order
to create economic development activities for the community of Alexandria Governorate.
The impact of sewage disposal to parts of the Lake basins was quite obvious too.
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Introduction

Water Quality Index, a critical tool for water resources
management, will be developed to evaluate and communicate the
suitability of water bodies in Egypt for various uses such as drinking,
irrigation, livestock, aquatic life, and recreation.! The CCME WQI
provides a measure of the deviation of water quality from water
quality guidelines. The CCME WQI model consists of three measures
of variance from selected water quality objectives (Scope; Frequency;
Amplitude). These three measures of variance combine to produce
a value between 0 and 100 that represents the overall water quality.
The CCME WQI values are then converted into rankings by using
an index categorization schema that can be customized to reflect
the expert opinion by users. The detailed formulation of the WQI is
described in the Canadian Water Quality Index 1.0 — Technical Report
(CCME 2001).!

Study area and methodology
Study area

Lake Mariout is a salt lake of about 250 square km in northern
Egypt, lies between Latitude 31° 01’ 48” and 310 10’ 30” N and
Longitude 29° 57° 00” E along the Mediterranean coast of Egypt. It
forms the southern boundary of the city of Alexandria. It is a closed

lake with a surface area of 60 km2 and ranges in depth from 1-3m.
The lake is divided into 4 basins. These are the main (6000 acres),
South West (5000 acres), North West (3000 acres), and aquaculture
or fisheries (1000 acres). The lake is fed by canals from the Rosetta
branch of the Nile. Several branches of these canals allow water flow
from and to these basins. The main canals are al Kalaa drain, Omum
drain and Nubaria canal. The water inflow to the lake came mainly
from these sources plus those from a Wastewater treatment plant, the
discharge from the west Nubaria drain and from the petrochemical
area. Outflow from the lake is only released by El-Max pumping
station. Domestic sewage is discharged from the wastewater treatment
plant at the north and main basin and with the El-Kalaa drain to the
lake body. Thus, the lake acts as a receptor for agricultural drainage
and domestic discharges as well as a source of irrigation water to the
nearby cultivated lands. This resulted in severe pollution in the main
basin. The discharge from Omum and Nubaria canals, though less
polluted, it contains pesticides and fertilizers besides raw and treated
wastewater. It seems that the lake has been abused and misused
severely resulted in a highly deterioration and pollution. The huge
amounts of wastewater from different sources around the lake (west
and east sewerage plants), industrial settlements, factories, workshops,
plus agricultural drainage contribute to the deterioration of the water
quality of the lake. Consequently, the lake becomes eutrophic where
the excessive growth of algae and larger aquatic plants takes place
leading to the consumption of dissolved oxygen. The light penetration
in this shallow water lake and excessive nutrients from sewage,
fertilizers and industrial wastes contribute in the eutrophication of the
lake (Figure 1) (Table 1).
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Figure | Lake Mariout.

Figure 2 Spatial Interpolation Maps of CWQI in Mariout Lake Water. (a)
2010, (b) 2011, (c) 2012, (d) 2013,and (e) 2014.
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Methodology

One of pollution assessment and quality ranging methods of lakes
is using a quality index which shows the compound effect of physic-
chemical and biological parameters. There follows an explanation
of water quality indices applied in this research. Assessment of
surface water quality can be a complex process undertaking multiple
parameters capable of causing various stresses on overall water
quality. Evaluation of water quality from a large number of samples,
each containing concentrations for many parameters is difficult.
Depending on the availability of data, analysis has been carried out
using CWQI for spatial variation. The data analysis carried out to
calculate Water Quality Indices such as CWQI is explained below.

EEAA Field data are essential to design Candian Water Quality
Index (CWQI) for Mariout Lake. To obtain such data, ten different
sampling locations were selected. These locations were chosen on
the basis of maximum waste flow to the lake. Water samples were
collected at Three months in the year 2010, 2011, 2012, 2013 and
2014. There are Various Water Quality Indices such as Arithmetic
Water Quality Index (WQIA), Multiplicative Water Quality Index
(WQIM), Un-weighted Arithmetic Water Quality Index (WQIUA),
Harkins” Water Quality Index (WQIH), Delphi Approach for Water
Quality Index Calculation, The British Columbia Index, and Canadian
Water Quality Index. CWQI is suggested to be a helpful tool that
enables the public and decision makers to evaluate water quality
of lakes, CWQI was calculated to assess the spatial and temporal
variability and identify the classification of water quality in the study
area. In order to simplify the procedure and reduce the analytical
costs of the water quality evaluation, similar spatial changing trend
and classification of the water quality, the results also suggest that
continuous monitoring should be conducted to prevent pollution from
industry and anthropogenic activities. The CWQI of study area ranged
from 13.13 to 63.42. Hence the lake water quality is among poor and
marginal.

Table | Selected stations, common names and their latitudes and longitude in Mariout Lake

Station No. location Basin Latitude (North) Longitude (East)
| The first farm 1000 Feddan (shadir fish) Fisheries 310 09\ 12.6\\ 290 55\ 37.9\\
2 last farm 1000 Feddan (Alhbact) 310 07\ 37.6\\ 290 54\ 01.8\\
3 In front of the Qalaa drainge Main 310 09\ 35.3\\ 290 55\ 20.64\\
4 Northeast the Bridge Abul Khair 310 07\ 58.1\\ 290 53\ 35.52\\
5 Half of Basin 3000 Feddan 310 08\ 48.5\\ 290 531 03.12\\
6 In Front of Max Pumps 310 07\ 29.3\\ 290 52\ 45.12\\
7 First Basin 5000 Feddan Southwest 310 07\ 44.8\\ 290 51\ 34.56\\
8 Last Basin 5000 Feddan 310 06\ 25.9\\ 290 55\ 06.6\\
9 In front of the Western purification plant exchange Northwest 310 06\ 25.9\\ 290 53\ 57.84\\
10 Central Basin 2000 Feddan 310 04\ 24.6\\ 290 52\ 20.28\\

Table 2 Range of CCME-WQI (Canadian Environmental Quality Guidelines, 1999, Winnipeg)

Rank WQI value Description
Excellent 95-100 Water quality is intact; conditions are very close to natural or desired levels
Water quality is intact; and only one minor threat or deterioration is observed, conditions rarely differed from the
Good 80-94 .
natural or desirable level.
Fair 65-79 Water quality is usually intact, but occasionally endangered or deteriorated; conditions sometimes deviate from natural
or desirable levels.
Marginal 45-64 Water quality is frequently endangered or deteriorated. Conditions often deviate from natural or desirable levels.
Poor 0-44 Water quality is always endangered or deteriorated; conditions usually deviate from natural or desirable levels.

Source: CCME (2001).
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Calculation of CanadiansWater Quality Index (CWQI)

Canadian water quality index was founded in 1995 based on water
quality index, released by British Columbia University. A merit of this
index is using numerous quality variables for calculating this index,
though it has some limitations as well. The Canadians Water Quality
Index (CWQI) is calculated using the Canadian Council of Ministers
of the Environment Index method. Following expressions are used
to determine the CWQI for our study. Three factors are combined to
calculate the CWQL, F1 (Scope), F2 (Frequency) and F3 (Amplitude)
F1 (scope) represents the percentage of variables that do not meet
their objective at least once during the time period under consideration
(“failed variables”), relative to the total number of variables measured:

Number of failed variables

= x100
Total number ofvariables

F2 (Frequency) represents the percentage of individual tests that
do not meet objectives (“failed test”):

Number of failed tests

Total number of tests

F, (Amplitude) represents the amount by which failed test values
do not meet their objectives. F3 is calculated in three steps.

The number of times by which an individual concentration is
greater than (or less than, when the objective is a minimum) the
objective is termed an “excursion” and is expressed as follows: When
the test value must not exceed the objective:

) Failed test value
excursion; =| ———————— |—
Objectivej

For the cases in which the test value must not fall below the
objective:

Objectivej

excursionj = — -1

Failed test value

The collective amount by which individual tests are out of
compliance is calculated by summing the excursions of individual
tests from their objectives and dividing by the total number of tests
(both those meeting objectives and those not meeting objectives).
This variable, referred to as normalized sum of excursions, or nse,
is calculated as: F3 is then calculated by an asymptotic function that
scales the normalized sum of the excursions from objectives (nse) to
yield a range between 0 and 100.

n
2. excursion
nse=—=L—— '
number of tests

nse
L
0.01nse +0.01

Once the factors have been obtained, the index itself can be
calculated by summing the three factors as if they were vectors. The
sum of the squares of each factor is therefore equal to the square of
the index. This approach treats the index as a three-dimensional space
defined by each factor along one axis. With this model, the index
changes in direct proportion to changes in all three factors.
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VE +F +F
cwor=100-———————
1.732
The CWQI value ranges between 1 and 100, the result is further
simplified by assigning it to a descriptive category as Table 1 & Table
2.

Results and discussion

Woater quality parameters

For the selected water quality parameters, general information,
environmental effects and the different pollutions sources (Tables 3—6
& Figures 2-4).34

Figure 3 NDWI Images of the study area (a) 1972, (b) 1984, (c) 1997, (d) 2001
(e) 2006, (f) 2009, (g) 2014, (h) 2016.
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Figure 4 NDWI Changes of Mariout Lake during 1972 to 2016.

PH ranged from 7.1 to 9.17, Station 3 denoted low PH (7.10). This
might relate to the activity of bathing, washing, and latrines along
the water bodies. The residue from those activities carried organic
material and was decomposed by microorganisms. The process also
consumed oxygen and released carbon dioxide. Hence, the water pH
tended to acidic. EEAA quality standards requires pH of 6.5- 8.5;
therefore the station 10, PH was out of the quality standard.

Dissolved oxygen (DO) is the concentration of oxygen dissolved in
the water. Its presence is essential to maintain the variety of biological
life forms in water and the effect of the waste discharge in a water
body is largely determined by oxygen balance of the system.’ Natural
water bodies have high levels of oxygen which vary depending on
temperature, salinity, water turbulence, and atmospheric pressure.®
The colder the water, the more oxygen it can hold.” DO ranged from
0 to 15.8 mg/l. Dissolved oxygen is necessary for the survival of
aquatic organisms. The low DO indicates high demand for oxygen
by the microorganisms,® The more organic materials that pollute the
water body, the more amount of oxygen consumed to decompose
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these materials so that the content of dissolved oxygen in the water
decreases so low.” EEAA quality standards, DO must be >=5mg/l,
hence Station 8 denoted high DO (15.8), but at the station 3, DO was
out of the quality standard.

Biochemical Oxygen Demand (BOD) is a measure of the amount
of oxygen used by microorganisms to decompose organic materials
in water within five days period."” Low BOD content indicated that
the riverside stretch was free from organic pollution.’ The BOD in
Mariout lake ranging 1.16-729mg/l. Station 4 denoted low BOD
(1.16), and station 3 is exceeded the quality standard. This might
due to the decomposition process of organic matter by microbes
consuming oxygen. High BOD in water is undesirable because it will
reduce the DO." EEAA quality standards, BOD must be <6mg/1.

Chlorophyll-a gives plants their green colour and is produced by
microscopic plants called algae in lakes. The amount of chlorophyll-a
in water ranged 0.86-347.86ug/l, it was highest in Station 10
(347.86ug/l) and lowest in station 2 (0.86ug/l) because of course it
is not easy for plants to grow. There are many human activities that
affect chlorophyll in water, such as sewage inputs and destruction
of lake. EEAA quality standards requires Chlorophyll-a <=140ug/I;
therefore most stations were out of the quality standard.
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Total suspended matter (TSM) ranged 11.93-114.03. TSM
transports nutrients and contaminants, reduces light transmission
through a water column and influences entire aquatic ecosystems.!?
Accurate spatiotemporal information on TSM distribution patterns
is therefore important for understanding Lake Ecosystem dynamics
and for the development of effective and quantitative monitoring of
aquatic environments, in order to both protect the lake ecosystem and
improve water quality management.'>"' Station 8 recorded low TSM
(11.93), and Station 10 recorded highest TSM (114.03). EEAA quality
standards require TSM of 25; therefore the most stations, TSM were
out of the quality standard.

Ammonia levels ranging 0.05 - 20.34 mg/l, Stations (1,2 and
10) recorded low Ammonia (0.05). This was likely due to the
small content of urea and ammonification process derived from the
decomposition of organic matter by microbes. Since agricultural
activities is still managed in a traditional means. The small number of
residential area also caused the low level of ammonia. The presence of
ammonia is an evidence of sewage inflow to a water body.'® Domestic
and industrial wastewater constitutes a constant polluting source. The
ammonia recorded high at station 3 was 20.34mg/l, the lake water is
considered polluted. EEAA quality standards, ammonia content must
be <0.41mg/l, hence ammonia of the most observations was out of the
quality standard.

Table 3 Water quality parameters of 10 stations for the year 2010,2011,2012,2013,2014

Station  Sample PH (6.5- DO (>5) BOD(3- CHL-A(5- TSM NH4 (0.41) NO3 (<0.1) TP (25-
No. date 8.5) mg/l 6) mg/l 140) ug/l (25) mg/l.  mgl/l mg/l 100) ug/l
| Feb.2010 8.4 7.73 14.05 8.47 39.8 5.22 0.45 54.52
May.2010 8.36 7.8 7 42.26 65.75 0.57 0.1 100.25
Aug.2010 8 7.26 1.5 9.04 36.05 0.78 0.59 120.71
2 Feb.2010 843 7.67 11.62 6.96 40.5 4.4 0.49 57.75
May.2010 835 7.04 5.8 12.35 50.65 0.59 0.04 79.79
Aug.2010 83 7.76 16.2 8.82 41.4 0.6 0.19 67.52
3 Feb.2010 7.53 0.04 21.49 1.26 37 9.42 0.01 568.72
May.2010 7.6 0 28 2.09 37 18.66 0.04 3470.02
Aug.2010 7.1 0.09 47.2 1.69 51.55 4.88 0.19 2185.13
4 Feb.2010 7.58 4.35 11.34 1.26 20.9 4.73 3.66 214.83
May.2010 8.56 32 5.98 72.53 31.88 1.13 1.49 431.71
Aug.2010 7.7 1.83 74 1.69 31.25 0.97 1.4 353.96
5 Feb.2010 8.8l 11.66 36.05 64.73 224 4.65 0.36 113.65
May.2010 7.95 1.6 9.8 287.17 47.35 74 0.17 2269.01
Aug.2010 8.5 8.8 3 9.34 62.15 0.54 0.15 196.42
6 Feb.2010 791 0.35 10.67 7.01 46.7 7.57 0.13 465.7
May.2010 8.4 1.2 6.4 268.89 64.78 0.71 0.64 370.33
Aug.2010 8 6.92 133 78.32 51.2 0.62 1.06 149.36
7 Feb.2010 7.5 9.46 3.95 74.47 40 5.2 1.06 101.64
May.2010 8.39 8.2 72 123.77 54.18 0.52 0.1 118.67
Aug.2010 7.5 231 10.3 79.44 273 0.82 1.09 290.53
8 Feb.2010 7.6 5.07 2.16 1.64 16.6 5.15 0.33 189.42
May.2010 853 8 6 171.73 57.28 0.51 0.8l 233.24
Aug.2010 74 22 5.9 1.75 20.6 0.58 1.69 288.49
9 Feb.2010 8.4 10.6 14.05 1.64 15 5.32 0.74 55.44
May.2010 832 6.82 6.14 6.28 19.13 0.51 0.11 45.01
Aug.2010 72 0.09 47.2 221 79.6 5.86 0.24 226.83
10 Feb.2010 8.2 10.19 11.62 5.71 33.6 4.89 1.19 4481
May.2010 831 12.4 4.6 347.86 148.03 0.78 0.64 226.83
Aug.2010 8 6.38 16.2 6.09 51.7 0.5 0.39 226.83
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Station Sample  PH (6.5- DO (>5) BOD(3- CHL-A(5- TSM(25) NH4 NO3 (<0.1) TP (25-100)
No. Date 8.5) mg/l 6) mgll 140) ugl  mgll (0.41) mg/l  mgll ug/l
[ Feb20I1 9.1 10.25 454 41.82 325 32 021 61.38
May2011 85 8.5l 17.16 8.64 46.4 0.13 0.06 90.02
Aug20ll 83l 6.54 25.34 23.78 125.2 0.65 032 24.55
2 Feb20Il 9 12.13 10.4 14.51 346 02 0.43 106.39
May2011 85 8.34 13.02 5.4 4235 0.11 0.16 73.66
Aug20l1 84l 6.87 15.53 65.93 108.65 071 0.l 49.1
3 Feb20Il 7.5 0.77 21.82 0 49.4 333 1.21 652.67
May2011 7.8 0 84 5.86 104.75 16.53 0.05 554.47
Aug20ll 8.1 0 106.28 10.73 382 6.86 0.09 581.06
4 Feb201l 7.6 3.16 13.4 4 324 4.05 2.83 470.58
May2011 7.8 2.67 116 17.18 335 117 038l 570.83
Aug20ll 822 474 5.72 1.6 48.85 0.84 0.4 310.99
5 Feb20ll 7.7 4 .27 1.77 17.35 3.65 1.92 431.71
May2011 82 437 6.11 72.28 30.4 301 0.14 127.47
Aug20ll 852 327 10.63 70.87 66.05 273 118 838.86
6 Feb20ll 7.8 1.31 14.54 1.72 31.05 476 1.71 611.75
May2011 7.6 0 38.56 14.56 376 323 0.69 1106.89
Aug20ll 808 18 55.59 33.68 133.45 5.53 0.17 119691
7 Feb201l 87 11.63 8.l 5.75 57.85 343 0.24 106.39
May2011 85 15.07 29.27 14.56 376 323 0.69 1106.89
Aug20ll 853 458 31.88 12.42 88.25 038 0.11 104.35
8 Feb20ll 7.8 6.85 6.24 9 32.85 3.96 2.66 45421
May2011 8.4 158 317 477 56.95 0.17 0.1 21892
Aug20ll 834 491 35.15 7.49 36.55 0.45 0.14 4501
9 Feb20Il 83 12.4 7.04 33.77 36.7 3.42 0.62 139.13
May2011 86 12.47 3461 477 56.95 0.17 0.1 21892
Aug20ll 834 491 36.79 8l.1 45.65 0.76 0.59 159.59
10 Feb20Il 8 6.55 6.56 441 19.15 3.67 0.67 49.1
May2011 88 10.53 13.55 64.91 77.65 0.34 1.0 466.49
Aug20ll 853 3.6 18.8 186.02 55.5 043 1.24 126.85
Station No, S3mMPle  PH(65- DO(>5) BOD(3-6) CHL-A(S- TSM(25) NH4(0.41) NO3(<0.I) TP(25-
Date 8.5) mg/l mgll 140) ugll mgll mgll mgll 100) ugll
[ Feb2012  7.72 8.41 8.16 24.48 47.95 0.48 0.11 29.24
May2012 8.8 7.34 21.05 8.83 70.2 0.06 1.97 97.46
Aug2012 87 6.52 59.22 6.1 38.55 0.42 0.02 77.16
2 Feb2012  7.63 5.49 425 50.13 475 0.76 0.16 32.39
May2012 8.6 7.9 21.77 19.21 62.3 0.09 114 96.45
Aug2012 847 6.84 58.03 493 49.05 0.45 0.02 99.49
3 Feb2012  7.71 ND 14.98 3.59 40.95 6.61 0.09 44529
May2012  7.65 ND 5381 471 97.7 16.24 0.04 243152
Aug2012 86l ND 85.83 499 77.7 14.58 0.01 2557.41
4 Feb2012  7.15 44 3.08 3531 2438 1.7 1.53 157.26
May2012  7.84 447 8.61 27.64 1326 1.34 1.49 6325
Aug2012 875 5.96 54.45 18.41 348 0.69 0.66 445.69
5 Feb2012  7.88 8.74 4.66 188221 37.85 25 0.84 243.76
May2012 858 7.34 10.53 253.11 1238 0.06 0.28 834.54
Aug2012 845 5.09 52.06 53.86 24.65 023 033 299.5
6 Feb2012 721 3.75 8.75 61.14 38.68 1.62 112 136.55
May2012  7.58 ND 41.98 92.25 46.85 334 1.09 824.38
Aug2012 855 ND 81.06 17.01 69.3 26 023 1609.17
7 Feb2012  7.25 6.91 6.66 28.32 28.45 1.58 0.71 532
May2012 826 10.77 24.64 29.07 55.6 025 0.83 274.12
Aug2012 859 5.8 56.04 80.49 57.93 028 0.65 238.58
8 Feb2012  7.22 6.66 5.08 272 23.78 0.83 0.53 28.53
May2012  8.02 10.45 28.47 53.04 52.7 0.09 025 246.71
Aug2012 845 5.88 55.64 65.58 70.65 021 025 178.68
9 Feb2012 721 5.08 433 27.86 203 12 1.01 92.9
May2012 8.1 11.56 31.34 3391 72.55 0.15 0.56 188.84
Aug2012 863 6.04 58.03 33.56 4433 0.52 0.08 137.06
10 Feb2012  7.42 9.32 7.58 29.7 23.03 238 0.99 45.79
May.2012  9.17 11.09 3278 0.88 39.3 0.12 0.42 335
Aug2012 852 5.57 53.65 32 238 051 0.02 62.95
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Station Sample  PH(6.5- DO(>5) BOD(3- CHL-A(5- TSM(25) NH4(0.41) NO3(<0.I) TP(25-100)
No. Date 8.5) mg/l 6)mg/l  140) ugll mgll mgll mg/l ugll
| Feb.2013 8.6 14.22 8.41 4297 49.1 0.07 0.25 147.21
May.2013 8.24 7.13 4.54 6.79 36.92 0.1 0.02 100.51
Aug.2013 8.34 11.77 5.97 10.58 54.95 0.13 0.06 67.01

2 Feb.2013 8.64 12.28 8.1 47.79 49.75 0.05 0.93 116.75
May.2013 8.12 6.16 34 3.13 37.03 0.11 0.02 79.19
Aug.2013 8.32 9.06 5.64 9.84 45.05 0.13 0.11 89.34

3 Feb.2013 7.68 0 38.72 1.74 56.2 11.18 0.01 2572.64
May.2013 7.49 0 729 6.79 23.33 15.89 0.01 2234.57
Aug.2013 7.82 ND 63.6 4.59 21.8 8.71 0.04 1762.47

4 Feb.2013 79 7.28 9.26 2.72 23 0.08 0.9 546.2
May.2013 7.62 3.24 9.72 24.36 34.5 1.29 0.52 620.32
Aug.2013 7.93 1.67 20.75 19.7 27.8 1.52 0.69 398.99

5 Feb.2013 7.71 6.68 10.32 8.47 232 0.55 0.89 507.63
May.2013 7.67 421 7.78 27.5 22.43 0.2 0.21 453.82
Aug.2013 7.97 39 19.11 38.66 26.65 0.13 0.13 221.32

6 Feb.2013 7.46 0 58 33.48 146.15 10.32 0.31 2253.86
May.2013 7.6 ND 68.04 26.11 36.95 3.19 0.05 933.01
Aug.2013 7.8 ND 54.86 31.41 52.95 3.08 0.49 486.3

7 Feb.2013 8 9.0l 2.94 25.01 31.95 0.14 0.42 93.4
May.2013 8.27 8.59 9.72 32.62 385 1.96 0.02 278.18
Aug.2013 8.4 12.72 12.24 6.07 4475 0.15 0.4 141.12

8 Feb.2013 7.8 6.94 5.06 5.85 13.85 0.15 0.37 138.07
May.2013 8.66 7.94 4.86 1.39 11.93 0.1 0.02 84.27
Aug.2013 7.95 6.68 5.09 17.07 58 0.3 0.07 69.04

9 Feb.2013 8.34 10.75 4.07 58.43 39.3 0.25 0.42 184.78
May.2013 8.56 8.42 20.41 67.87 472 0.11 0.02 240.61
Aug.2013 7.96 6.68 1.27 6.1 22.55 0.16 0.07 40.61

10 Feb.2013 8.05 13.75 3.87 13.4 34.05 0.37 0.66 140.1
May.2013 8.15 7.61 8.75 22.69 37.73 0.18 0.02 171.58
Aug.2013 7.99 5.72 5.08 4].18 18.85 0.11 0.04 127.92

Station Sample PH (6.5- DO(>5) BOD (3-6) CHL-A(5- TSM(25) NH4(0.41) NO3(<0.l) TP(25-100)

No. Date 8.5) mgll mg/l 140) ugl  mgl/l mgll mgll ug/l
[ Feb2014 803 6.83 31.68 8.94 48 0.05 0.08 183.23
May2014 82 4.63 20276 43.94 87.8 0.15 0.06 135.03
Aug2014  9.04 5.93 303 12.14 732 0.49 0.63 123.88
2 Feb2014 823 7.07 23.97 0.86 329 0.08 0.02 252.05
May2014  8.I5 496 19.84 30.29 68.4 0.16 0.07 120.81
Aug2014 9 5.93 303 11.62 59.45 051 0.24 125.6
3 Feb2014  7.56 0 120.48 7.08 33.55 20.34 0.01 1373.82
May2014 7.5l 0 620.48 6.74 30.35 7.15 0.07 2385.84
Aug2014 85 0 107.23 222 354 9.04 001 1933.84
4 Feb2014 77 228 61.71 447 16.85 2.65 0.42 499.81
May2014 77 0 2225 66.58 27.4 053 0.83 309.65
Aug2014 875 2.03 24.87 19.69 375 1.4 137 450.77
5 Feb2014  7.99 423 13.49 133.29 35.4 0.28 022 480.02
May2014 808 7.8 17.59 225.09 26.65 0.14 03 514.73
Aug2014  9.05 13 39.98 216.1 477 0.58 0.16 29421
6 Feb2014 77 0 136.72 82.44 62.54 478 0.43 541.1
May2014  7.67 0 593.01 80.8 27.85 115 0.46 924.89
Aug2014 858 0 94.73 21.96 46.75 38 0.55 629.7
7 Feb2014 828 9.75 17.11 20.72 37.75 021 0.05 184.95
May2014 8.1 7.15 17.15 2327 37.7 0.13 0.05 131.98
Aug2014 8388 7.72 31.85 402 35.05 02 0.07 81.72
8 Feb2014 82 9.59 18.22 102.77 4135 0.09 026 471.42
May2014 837 9.83 283 41.05 17.45 0.1 0.02 216.25
Aug2014 885 8.05 3329 33.67 56.3 0.24 0.02 21592
9 Feb2014 826 11.95 2249 78.58 4325 0.75 0.45 443.03
May2014 838 8.53 21.78 139.92 39.1 027 0.19 322.85
Aug2014  9.05 12.43 38.1 138.34 38.15 035 033 196.14
10 Feb2014  8.I3 9.51 8.92 441 2385 0.06 0.l 109.25
May2014 826 3.66 19.89 3.54 19.35 0.05 0.04 38.58
Aug2014  87I 2.68 24.75 3.55 13.55 0.32 0.09 55.92

Note: Bold value is out of EEAA standard.
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Table 4 Summary of CWQI Factors for the Ten Stations in Mariout Lake (a) CWQI-2012
2010, (b) 2011, (c) 2012, (d) 2013, (e) 2014 Station No.  FI 2 NSE  F3 cwal
CWQI-2010 I 62.5 4583 142 5864  43.89
Station No  FI F2 NSE F3 cwal 2 75 467 LI 5259 419
3 8571 619 657 8679  21.02
I 625 5833 112 5285  41.97 4 875 6667 261 7233 2399
2 50 41.67 085 4591 54.01 5 87.5 58.33 176 6379 2899
3 875 7917 1406 9336  13.13 6 87.5 5417 342 7736  19.15
4 100 79.17 384 7934 1327 7 75 5417 17 63 35.38
5 875 5833 25 7139 2661 8 75 4583 L 5237 4093
¢ 675 7083 253 64 2296 9 75 4583 136 577 39.29
: : . . : 10 75 4583 129 5629  39.74
7 875 7917 1.6l 61.74  23.11
8 100 6667 203 67 20.56 CWQI-2013
9 875 5417 429 8109 2435 Station  FI F2 NSE F3 cwal
I 625 3333 02l 1733 57.9
10 75 5833 185 6494 3355 2 75 375 049 3294 4799
3 75 6087 119 9225 22588
CWQI-201 | 4 875 6667 18 6422 2646
StationNo. FI  F2 NSE F3 cwaQl 5 75 5417 092 4801 3982
| 75 583 088 467 4253 6 75 68.18 462 8219 2465
: : : : 7 625 375 0.63 3848 524l
2 75 45.83 0.53 3455 4547 8 625 2083 029 2262  59.78
3 875 7083 545 8449 1873
CWQI-2014
4 875 75 274 733 21.14
Station  FI F2 NSE F3 cwaQl
5 875 75 27 7295 2125 [ 875 5417 098 4952  34.06
6 75 75 417 8064  23.07 2 100 5833 089 4701 2786
7 875 7083 187  65.03  249] 3 75 66.67 1169 9212 21.35
4 100 7917  3.87 7947  13.24
8 75 5417211 6789 3375 5 100 7907 107 5174 2053
9 875 625 138 58 29.46 6 875 79.17 779 8863 148
8 625 4167 083 4531 4935

Table 5 Showing CWQI Scores and Rankings for Ten Stations in Mariout Lake during 2010 -2014

Station CWQI Rating CwQl Rating CcwQl Rating CcwQl Rating CwQl Rating
No. 2010 2010 2011 2011 2012 2012 2013 2013 2014 2014
| 41.97 Poor 42.53 Poor 43.89 Poor 579 Marginal 34.06 Poor
2 54.01 Marginal 4547 Marginal 41.9 Poor 47.99 Marginal 27.86 Poor
3 13.13 Poor 18.73 Poor 21.02 Poor 22.88 Poor 21.35 Poor
4 13.27 Poor 21.14 Poor 23.99 Poor 26.46 Poor 13.24 Poor
5 26.61 Poor 21.25 Poor 28.99 Poor 39.82 Poor 20.53 Poor
6 22.96 Poor 23.07 Poor 19.15 Poor 24.65 Poor 14.8 Poor
7 23.11 Poor 2491 Poor 35.38 Poor 5241 Marginal 53.03 Marginal
8 20.56 Poor 33.75 Poor 40.93 Poor 59.78 Marginal 49.35 Marginal
9 24.35 Poor 29.46 Poor 39.29 Poor 55.4 Marginal 37.39 Poor
10 33.55 Poor 20.94 Poor 39.74 Poor 63.42 Marginal 54.19 Marginal
Table 6 Water and aquatic vegetation area of each date in Mariout Lake Nitrate concentration on ten stations ranging 0.01-3.66mg/l.
This highly related to the huge number of human activities nearby.
Image date  Water (km’)  Vegetation (km?) Major source of river water pollution comes from domestic sewage,
19-09-1972 66.1 7.26 animal waste, agricultural waste, soil erosion and runoff from the
11/9/1984 34.32 36.9 settlement.!” EEAA quality standards, nitrate content has to be <0.1
18-06-1997 1139 5773 rr?g/l, Station 3 recorded low N.itrate (0.01), and. station 4 recorded
23.12.2001 2751 3876 hlgh. Nitrate (3.66). Therefore nitrate at most stations was out of the
quality standard.
19-03-2006  26.83 37.03 o S .
4/5/2009 2058 401 PhosphaFe cpncentratlon gives an indication of the nutrient lev.els
and eutrophication of the lake system.'® Total phosphate concentration
28-01-2014 18.34 4417 in Mariout Lake ranged 24.55-3470.02mg/l. Total phosphate in all
12/2/2016 26.94 35.13 stations was high. This denoted the relatively worst condition of the
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nearby lake. Human activities affected significantly on phosphate
concentration. The source of phosphate in water is derived from
the weathering of rock minerals, decomposition of organic matter,
detergents, fertilizers, industrial waste, household waste, and
phosphate minerals. EEAA quality standards, total phosphate content
must be <100mg/1. Therefore, total phosphate on ten stations was out
of the quality standard.

Surface water detection
Calculation of NDWI

The Normalized Difference Water Index (NDWI) was first
proposed by McFeeters in 1996 to detect surface waters in wetland
environments and to allow for the measurement of surface water
extent,” and it produces a single grayscale image, where water is
bright. Although the index was created for use with different images
data, it has been successfully used with other sensor systems in
applications where the measurement of the extent of open water is
needed.?*?! The NDWI is calculated using following Equation 9:

NDIWI (Band 2—Band 4)

(Band 2+ Band 4)

Where, Band 2 is the TOA green light reflectance and Band 4 is the
TOA near-infrared (NIR) reflectance. McFeeters' asserted that values
of NDWI greater than zero are assumed to represent water surfaces,
while values less than, or equal, to zero are assumed to be non-
water surfaces. Values of NDWI were calculated from the Satellite
images using Equation (9) in the Raster Calculator tool in the Spatial
Analyst® extension in ArcGIS 10.3. The result was a single band
gray-scale floating point grid file that was color-coded to facilitate
analysis as shown in Figure 4.

Conclusion

Based on the CCME-WQI during the period from 2010 to 2014, the
water quality can be categorized as “Poor”. However, all parameters
reached out of the EEAA quality standards.

NDWTI indicated that change in Aquatic Vegetation for all basins
increased by 27.68km? and the changes in water for all basins
decreased by 38.67km? during the study period. NDWI indicated that
change in water for each basin that main basin decreased by 10.82km?,
fisheries basin decreased by 1.38km?, northwest decreased by 2.5km?,
and southwest decreased by 23.96km?. NDWI indicated that change
in aquatic vegetation for each basin that main basin increased by
4.81km?, fisheries basin increased by 0.286km?, northwest increased
by 1.84km?, and southwest increased by 20.75km?.

CWQI conditions in Mariout Lake have been classified as poor.
However, there are all parameters reaching out of the EEAA quality
standards. This condition showed that the activities of the people
and micro-hydro had negative effect on the water quality of basins
in mariout Lake. Samples at 10 stations in the year 2010 - 2014
from Mariout Lake have been investigated. Datasets obtained have
been converted into simple maps using coastal water quality index
(CWQI) and Geographical Information System (GIS) based overlay
mapping technique to demarcate healthy and polluted areas. Analysis
of multiple parameters revealed poor water quality in Main Basin and
Northwest Basin. The anthropogenic activities may be the likely cause
for poor water quality. Whereas, good water quality was witnessed at
Fish basin and Southwest Basin. This study is an attempt to integrate
CWQI and GIS-based mapping technique to derive a reliable, simple
and useful output for water quality monitoring in coastal environment
lakes.
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Suggestions

Based on the results of this study to control and reduce water
quality following is recommended:

1. Activation of municipal and industrial wastewater treatment
plant standard discharge to surface water.

2. Entering the aquacultures waste water effluent monitoring with
EEAA standards for surface water discharge.
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