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Egypt for a long time. These lakes located on the Medi-

terranean coast of the Delta and cover about 6% of the

non-desert surface area of Egypt. Until 1991, these lakes

have always contributed more than 40% of the country's

total fish production, but at present this has decreased to

less than 12.22% (GAFRD, 2006).

1. Introduction
Poor qualities of the Egyptian northern lakes water

threaten the health and livelihoods of millions in Egypt,

in addition to pollute the Mediterranean Sea. The north-

ern Egyptian lakes have been the chief source of fish in
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productivity in a lake as measured by phosphorous, al-

gae abundance and depth of light penetration (Sharma,

2010). Eutrophication is the process by which lakes are

enriched with nutrients, increasing the production of

rooted aquatic plants and algae to levels those are con-

sidered to be an interference with desirable water uses

such as recreation fish maintenance and water supply. 

Water quality index (WQI) is considered as one of

the simplest method used in assessing the overall water

quality. It defined as rating reflecting the composite ef-

fects of a number of parameters on the overall water

quality (Donia, 2011). In fact, WQI has been used for

assessment of water quality of many water bodies

around the world (Abdul-Hameed et al., 2010). Samir

and Ibrahim (2013) stated that the northern Delta Lakes

are an important natural resource for agricultural crops

and fish production in Egypt. The main objectives of

this research is to determine most of parameters related

to water quality and pollution in these lakes, assess wa-

ter quality based on WQI and define the trophic state of

each lake according to the trophic state index calcula-

tions. 

2. Materials and methods
2.1. Study area

The study area represents three important lakes in

Nile Delta of Egypt namely; Manzala, Burullus and

Edku lakes as fig.1 (a-c). Manzala Lake, which is the

largest one, lies between 31' 45, 32' 15 E and 31' 00, 31'

35 N. It is bordered by Suez Canal from east, Damietta

branch of Nile from west and Mediterranean Sea from

north. Burullus Lake lies on the eastern side of Rosetta

branch of the Nile River, occupying a central position

along the Mediterranean Nile Delta coast of Egypt. It

extends between longitude 30º 30' and 31º 10' E and lat-

itudes 31º 21' and 31º 35' N. It is the second largest lake

and is about 53km long, 13km wide and has water

depths ranging from 0.5 to 2.5 m (Frihy and Dewidar,

1993). While, Lake Edku lies in the north of the Nile

Delta, west of the Rosetta branch between Long. 30 º 8'

30'' & 30 º 23' 00'' E and Lat. 31 º 10' & 31º 18' N. it’s

connected to the Meditteranean Sea via Boughaz Elma-

dia.

Lakes pollution is one of the serious environment

problems in recent years with socio–economics develop-

ment and pollutant discharge increase from industry, ag-

riculture and domesticity. Rapid population growth, ur-

banization, intensive agricultural and industrial

production, all gives rise to increased levels of emis-

sions of organic and inorganic pollutants into the envi-

ronment. It is also necessary for keeping alive the dis-

tributaries in the delta and maintaining the brackish

water ecosystem along the sea, on an annual cycle

(Haque, 2008). Heavy metal contamination in sediment

could affect the water quality and bioaccumulation of

metals in aquatic organisms )Abd El-Hamid et al.,

2016). Water quality is neither a static condition of a

system, nor can it be defined by the measurement of

only one parameter. There is range of chemical, physi-

cal, and biological components that affect water quality

and hundreds of variables could be examined and meas-

ured. Some variables provide a general indication of wa-

ter pollution, whereas others enable the direct tracking

of pollution sources (Sami et al., 2014). The agricultural

drainage water containing pesticides and fertilizers and

effluents of industrial activities and runoffs in addition

to sewage effluents supply the water bodies and sedi-

ment with huge quantities of inorganic anions and heavy

metals (ECDG, 2002). Eutrophication is the process by

which lakes are enriched with nutrients, increasing the

production of rooted aquatic plants and algae to levels

those are considered to be an interference with desirable

water uses such as recreation fish maintenance and wa-

ter supply.  Eutrophication can also result in detrimental

effects on the biological stability of lake and reservoir

ecosystem, affecting virtually all the biological popula-

tions and their interactions in the water body (Donia and

Hussein, 2004). El-Mahdy (2011) said that increasing of

pollution in Manzala Lake is the result of discharging

several drains such as Bahr El-Baqar, Hadous and Ma-

taryia drains. Various methods have been employed for

the classification of lakes and to indicate their quality

status of water. The most commonly and widely used

method is based on productivity, and the frequently used

biomass related trophic state index (TSI) (Carlson and

Simpson, 1996). The trophic status refers to the level of
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gen (DO) was determined by the modified Winkler

method. Organic matter was determined by pergmentate

oxidation method. Total alkalinity and total hardness,

dissolved reactive phosphorus (DRP), reactive silicate,

nitrate–N, nitrate-N, chlorophyll a and ammonia-N were

determined by the methods descried in APHA (1999). 

WQI is a mathematical way of summarizing multiple

properties into a single value. QWI is useful for compar-

ing differences in water quality across a region, or for

monitoring changes in water quality over time. In the

present study, WQI was calculated using the equation

developed by Tiwari and Manzoor (1988). The quality

rating (qi) for the water quality parameter can be ob-

tained by the following relation:

qi=100[Vi/ Si]…………(1)

Where Vi is the observed value of the parameter at a

given sampling site and Si is the stream water quality

standard. Equation (1) ensures that qi = 100 if the ob-

served value is just equal to its standard value. Thus, the

larger value of qi revealed polluted water. To calculate

WQI, the quality rating qi corresponding to parameter

can be determined using equation (2). The overall WQI

was:

WQI=Σ qi ………… (2)    Where i=1

The average water quality index (AWQI) for n pa-

rameters was calculated using the following the equa-

tion (3):   AWQI=Σ qi/n……..……(3)

2.2. Sample analyses

Ten surface water samples were collected from dif-

ferent sites along the studied northern Delta Lakes. Wa-

ter samples were collected in February month 2015

from three studied lakes in sterile containers. Analyses

of physicochemical parameters of water were carried

out according to the standard methods APHA (1999).

Water temperature was measured using mercury ther-

mometer. Salinity (‰) was determined by CORNING

(Cole-Parmer model Check-mate 90) conductivity me-

ter. Hydrogen ion concentration (pH) was measured us-

ing pH meter Model 59003-20 USA. Transparency of

water samples was measured using a standard white en-

ameled Secchi disc (25 cm in diameter). Dissolved oxy-

Fig. 1(a). Sampling locations within Manzala Lake Fig. 1(b). Sampling locations within Burullus Lake

Fig. 1(c). Sampling Locations within Edku Lake
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Where n = number of parameters. AWQI was classi-

fied into 4 categories: good (0.0 – 100), medium (100 –

150), bad (150 – 200) and very bad (over 200).

Another index was chosen in this study called TSI. It

was calculated using Carlson’s Trophic Status Index as

the most important, and popular TSI method was select-

ed for the present study (Carlson and Simpson, 1996).

On the Carlson’s scale, if TSI is < 30 represents oligo-

trophic, from 30 to 50 represents mesotrophic, from 50

to 70 eutrophic and > 80 hypereutrophic. The following

equations are used to compute the Carlson’s TSI.

TSI
P
=14.42*Ln[Dp]+4.15(in (µg/L)          .…... (4)

TSI
C

=30.6+9.81 * Ln[Chlor_a](in (µg/L) ….... (5)

TSI
SD

=60-14.41*Ln[SD](in cm)               …..... (6)

Average TSI=[TSI
P
+TSI

c
+TSI

SD
 ]/3       …..… (7)

Where, P is dissolved phosphorus, C is Chlorophyll-

a, SD is the secchi depth.

3. Results and Discussion
3.1.  Environmental parameters
Environmental water parameters of the northern Del-

ta Lakes are shown in Table (1). All parameters were

presented in figures (2, 3 and 4). Surface water tempera-

ture is one of the most important factors which control

in born physical water qualities and plays a vital role in

the chemical and biological activities of water body

(Sinha and Biswas, 2011). Averages of surface water

temperatures of the Northern Delta Lakes (Manzala, Bu-

rullus and Edku) were found to be 16.2, 15.3, and

14.2oC, respectively. There is a little variance between

the sites of the three lakes. This variation of the surface

water temperatures is influenced by latitude, altitude,

season, time of day, air circulation, cloud cover, flow

and depth of the water body. Salinity is among the most

important features and applies several effects on the en-

ergy of marine organisms. Averages of water salinity of

the northern Delta Lakes (Manzala, Burullus and Edku)

were 15.6, 10.8 and 9.6 ‰, respectively. These varia-

tions may be attributed to the increase in the evaporation

rate, where the temperature influences the rate of rock

weathering and precipitation process (Wetzel, 1983).

Water salinity showed lowest values at Burullus Lake

(2.5‰) and the highest value was recorded at Manzala

and Edku lakes (34.9‰).  Highest values related to sea

water intrusion along Boughaz area. Average of pH val-

ues in Manzala, Burullus and Edku water were 8.7, 8.5

and 8.7, respectively. These values were in the same

ranges reported by El-Alfy (2015) and Khalil et al.

(2008) at the same lakes (8.02-8.57- 8.57) that indicates

they are in the alkaline side (pH > 7.0), as reported by

Goldman and Horne (1983). Average DO values (Man-

zala, Burullus and Edku) were 9.2, 8.6 and 10.2 mg O2/

L, respectively. The amount of DO was highly depen-

dent on temperature during sampling. These values were

in the same ranges reported by El-Alfy (2015) and Kha-

lil et al. (2008) at the same lakes (7.5-10.8-10.2 mg/L).

Highest concentration of dissolved oxygen was ob-

served at Edku Lake as a result of vegetation produc-

tion, which liberates remarkable amounts of oxygen into

the water through photosynthesis. Secchi disc reading is

used to determine the depth of light penetration into a

body of water. Average of transparency values along

northern Delta Lakes (Manzala, Burullus and Edku)

were 25, 21 and 28 cm, respectively.  These values were

in the same ranges reported by El-Alfy (2015) at the

same lakes (20-40 cm). In fact, it is known that the wa-

ter transparency is generally low at the Egyptian north-

ern Delta Lakes. This may be attributed to their shallow-

ness and the continuous disturbance of the mud bottom

by wind action (Shakweer, 2005). Average concentra-

tions of organic matter values along northern Delta

Lakes (Manzala, Burullus and Edku) were 14.9, 24 and

16.3 mg/L, respectively. Variations in organic matter

values are related to changes in temperature and precipi-

tation, long term climatic changes, human and animal

activities (Abd El Hamid , 2015).  Levels of total sus-

pended solids are very high, which indicates to the high

pollution of organic matter from agricultural and indus-

trial wastes (El-Gamma et al., 2015). Highest concentra-

tion of dissolved oxygen was observed at Manzala Lake

as a result of human activity and some biological pro-

cesses as bacteria use oxygen in the same way to break

down organic matter. Changes of all nutrients measured

at the sampling sites along northern Delta Lakes (Man-

zala, Burullus and Edku) are presented in Table (1). The
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obtained results showed that average values of NH
4
,

NO
2
, NO

3
, PO

4
 and SiO

4
 were (0.05, 0.13, 0.38), (0.18,

0.05, 0.25), (0.37, 0.15, 0.15), (0.20, 0.048, 0.07) and

(0.56, 0.74 and 0.62) mg/L, respectively. The excess us-

age of inorganic fertilizers containing nitrogen, phos-

phate and silicate is the main source of these nutrients in

the water samples (Taha et al., 2004). It was found that

the elevated levels of TP may be arisen from the indus-

trial and domestic sewage disposal at these sites. Fur-

thermore, elevated phosphorous concentrations may be

a result of high amount of agricultural effluents, where

phosphorous is an essential element in fertilizers. The

decrease and depletion of phosphorous may be due to its

adsorption on hydrous Fe
2
O

3
 and Al

2
O

3
, its consump-

tion by bacteria, algae or aquatic weeds (El-Zeiny and

El-Kafrawy, 2016). Eutrophication of lakes is due to en-

richment of water with high amount of nutrient, mainly

phosphorus and nitrogen. Variations in nutrient concen-

trations are directly related to primary production, and

phytoplankton biomass which can be estimated through

chlorophyll-a. Alemayehu and Hackett (2016) reported

that decomposition of organic matters washed off into

the Kaw Lake could be important source of nutrient

loading available to phytoplankton. The average concen-

trations of chlorophyll-a along northern Delta Lakes

(Manzala, Burullus and Edku) were 163, 67.2 and 93.6

µg/L, respectively. Chlorophyll a is a green pigment

found in plants and is an indicator of phytoplankton

abundance and biomass. In most instances, its high con-

centration indicates poor water quality (NALMS, 2001).

Eutrophication may interfere with recreational, aesthetic

and fishery water usage making water less suitable for

potable use and recreation (Stednick and Hall, 2002).

Alkalinity is produced by the existence of minerals such

as limestone (CaCO
3
). Total alkalinity refers to the wa-

ter’s ability to neutralize acids. Total alkalinity showed

Table 1. Range and mean of the physico-chemical parameters at the northern Delta Lakes, Egypt.

Temp: Temperature, DO: Dissolved oxygen, OM: Organic matter, TH: Total hardness, TA: Total alkalinity.
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distinctive variations throughout the sampling.  The av-

erage concentrations of total alkalinity values along

northern Delta Lakes (Manzala, Burullus and Edku)

were 473.2, 524 and 979 mg/L, respectively. The high-

est alkalinity recorded at Edku Lake due to high nutri-

ents in water (Uduma, 2014) and lowest value recorded

at Manzala Lake due to dilution of water by addition

into lake water (Solanki, 2012). These values were high-

er than results that reported by El-Alfy (2015) and Kha-

lil et al. (2008) at the same lakes (340-360-359 mg/L).

The alkalinity of surface water is primarily a function of

carbonate, hydroxide content and also includes the con-

tributions from borates, phosphates, silicates and other

bases. Hardness refers to the concentration of calcium

and magnesium in water with hard water possesses high

concentrations of these elements. The average concen-

trations of total hardness values (Manzala, Burullus and

Edku) were 3412, 1319 and 703 mg/L, respectively. It

was showed that, high concentration of hardness in

Manazal Lake as a result of industrial wastes. The high-

est amount of total hardness in the water was recorded

at Manzala Lake due to presence of high content of cal-

cium and magnesium in addition to sulphate and nitrate

in the sewage waste (Pawar and Pulle, 2005). The N/P

ratio has been calculated from  the lakes  data  for  nitro-

gen  as  DIN (NH
4
+, NO

2
- and NO

3
-) and phosphorus as

orthophosphates (PO
4
-3) (Mcpherson et al., 1982). The

most conservation ratio suggests that N/P ratio is lying

between 5-10 in most lakes. If the values are less than 5,

indicates that nitrogen is limiting for plant growth and if

more than 5 indicates that phosphorus is limiting (Tho-

mann and Multer, 1987). The calculation of N/P ratio of

the three lakes water (Manzala, Burullus and Edku) was

found to be 5.3, 8.8 and 18.5, respectively. Therefore,

the phosphorus is limiting nutrient factor (N/P > 5) in

the three lakes this mean that phosphorus  is  limiting

nutrient factor for plant growth

3.2. Water quality indices

The present values of WQI and AWQI in (Table 2)

were calculated according to Egyptian Standards

(EEAA, 1994). AWQI values along Northern Delta

Lakes (Manzala, Burullus and Edku) were 413.7, 222.4

and 231, respectively. This means that the northern Del-

ta Lakes waters are classified under bad water quality

during sampling period. Pollution levels of the northern

Delta Lakes waters which are essentially coved by un-

treated domestic and sewage water, industrial wastewa-

ter, in addition to drainage water. According to TSI val-

ues, the lakes in the present study are classified to

eutrophic and hypertrophic (Table 3).  This classifica-

tion resulting from different human activities and agri-

cultural or sewage water discharged directly into the

aquatic ecosystems. This causes over enrichment of nu-

trients in the water bodies leading to the algal blooms.

The decaying process of dead algal biomass may also

result in the depletion of dissolved oxygen in the lakes

causing anoxic environment. Eutrophication and organic

pollutants are still the major pollution problems in

aquatic environments. Eutrophication is the process by

which lakes are enriched with nutrients, increasing the

production of rooted aquatic plants and algae to levels

considered to be an interference with desirable water

uses such as recreation, fish maintenance and water sup-

ply (El-Amier et al., 2016).

3.3. Statistical analysis 

Correlation analysis was carried out using Pearson’s

correlation coefficient. The correlation matrix was cal-

culated for the water quality parameters, and is dis-

played in Table (4). Results of the correlation coeffi-

cient (r) were evaluated as follow: 0.0 (no); 0.3-0.5

(low); 0.5-0.7 (medium); 0.7-0.9 (high); 0.9-1(very

high). In the present study, there were high significant

correlations between many parameters as temperature

with salinity, NO3, PO4, chlorophyll a and total hard-

ness (r=1.0- 0.98- 0.95-0.90-0.99, respectively). pH was

highly correlated with transparency, NO
2 

and silicate

(r= 0.90, 0.93 and 0.94, respectively). On the other

hand, pH was highly negative correlated with organic

matter (r= -0.99). Silicate was highly negative correlated

with chlorophyll-a (r=-0.90). Correlations were attribut-

ed to the excessive enrichment of nutrient which serves

as indications charged water from drains. 

Principle Component Analysis (PCA) was applied to

the multivariate data consisting of fifteen parameters
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Fig. 2. distribution of a) salinity, b) pH, c) DO and d) Transparency within three lakes.

Fig. 3. distribution of nutrients in (µg/L) a) NH
4
 , b) NO

2
, c) NO

3
 and d) PO

4
 within

three lakes.
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Fig. 4. distribution of a) SiO
4
 , b) Chl_a, c) OM, d)Total Hardness and e) Total.  alka-

linity within three lakes.

Table 2. WQI and AWQI of the Northern Delta Lakes water.

DO: Dissolved oxygen, TH: Total hardness, TA: Total alkalinity, WQI: Water quality index, AWQI: Aver-
age water quality index
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Table 3. Carlson Trophic State Index of studied lakes during sampling period.

(Table 5). The coordinates of environmental variables

represent the angular coefficients of the linear functions

that describe the relationships between these variables

and the factorial axis of the ordination. Thus, the posi-

tion of the coordinate of a given environmental variable

in relation to the origin (0, 0) of the diagram indicated

the variation rate of these variables along each axis (Fig-

ure 5). For the interpretation of the factorial axes, the

correlations of the environmental variables with the re-

spective axis show that nitrate, nitrite, and orthophos-

phate showed the highest negative correlations with the

first PCA axis. The second PCA axis showed only a

considerable positive correlation with ammonia. The

third PCA axis showed only a considerable positive cor-

relation with salinity and calcium. The fourth PCA axis

showed only a considerable positive correlation with

dissolved oxygen and negative correlation with organic

matter. Results indicate that Manzala Lake represent the

highest values of chlorophyll a, total phosphorus and

temperature. Furthermore, the lowest values of pH and

dissolved oxygen also appeared during this period. So,

in the present study we can see that the seasonal fluctua-

tions control only the hydrographic conditions except

salinity with both chlorophyll a and total phosphorous. 
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Table 4. Correlation matrix between different parameters in water samples of the studied lakes.

Table 5. Correlation coefficients between environmental variables PCA axes.

Temp: Temperature, Trans: Transparency, DO: Dissolved oxygen, OM: Organic matter, Chlo.a: Chlorophyll a, TH: Total
hardness, TA: Total alkalinity.
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Fig. 5. Ordination diagram by PCA based on the correlation matrix of the en-
vironmental parameters.

4. Conclusion
The current study measured the physicochemical

properties of water quality along the northern Delta

Lakes. Water quality parameters showed a wide varia-

tion due to the discharge of drainage water from differ-

ent pollution sources during different times. The lakes

still has very bad water quality (High AWQI), and its

aquatic life has been threatened to a devastating point

and in dire need of more human intervention. Burullus

water is more quality than Edku and Manzala. Burullus

Lake is the lowest lake which meets domestic, sewage

water and industrial wastewater.  TSI data classified the

lakes into eutrophic and hypertrophic as a result of hu-

man activities and agricultural or sewage water. 
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لخص العربى ا

ياه ببحيرات شمال الدلتا - مصر تقييم جودة ا

نعم حجازى حـازم طـه عبد احلمـيد١               طلعـت عبد ا
صيلحى محمـود سالم إبراهيم٢               خالـــد محمــد ا

صايد- شعبة البيئة البحرية-معمل التلوث البحري عهد القومى لعلوم البحار وا ١ا

٢كلية العلوم بدمياط- قسم العلوم البيئية

نزلة- إدكو) حيث  جـمع عينات مياه من  10محطات ـياه لبحيرات شـمال الدلتا ( البـرلس- ا هدفت الدراسـة إلى تقييم كفاءة ا

ا يؤثر غذيـات  مختـلفة لـكل بحيـرة لتقـدير اخلصـائص الفيـزيائيـة والكيـميائـية لهـا. أوضحت النـتائج وجود اخـتالف فى مستـوى ا

ياه والذى ياه  حساب مـعامل جودة ا ـياه وذلك بسبب وجود الـصرف األدمى والزراعى والصناعـى. ولتقييم مدى جـودة ا على جودة ا

أوضح أن البحيرات الثالثة ذات كـفاءة مياه سيئة وأن بحيرة الـبرلس أقل البحيرات تدهورا وتلوثـا. بقياس معامل اإلثراء الغذائى تب

ا يؤثر على أن مياه الـبحيرات عاليـة اإلثراء الغذائى وذلك تعرضـها لالنشطة البـشرية اخملتلفـة وكذلك الصرف الزراعى والصـناعى 

ياه ويجعلها عرضة لنمو الطحالب والهائمات النباتية. جودة ا
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