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ABSTRACT 

The present sllidy deals with the chemical composition of Edku 
lake water. Seasonal samples were collected from 10 sampling 
stations covering the open water area of the lake during 1999 2000. 

The minimum H'ater temperature was recorded as 15. 30ue Juring 
winter ,.-hile the maximum ,..as 26. 5°C dUring summer. 

The maximum ralue of IOtal dissolved solids ,..as fOllnd as 5.9..J 
gm L at the area near the lake-sea connection. while the minimum 
was 1. 31gm L Cli the middle of the lake. The vallies of total dissoh'ed 
solids raried between 1.5 and 2.5gmL at the most parts (?f the lake. 
Such decrease in water salinity enhanced the jlourlshment of 
macroph.vtes iO corer wide areas of the lake. The total dissolved solids 
in the lake H'ater decreased graduall.r through the last 10 years. 

The dissolved o.\ygen in the lake ll'ater attained high ralues far 
from the outlets of Bersik and EI-KhailJ' drains and decreased near 
these owlets. 

It is worth mentioning that. Edku lake receives high amounts of 
nutrient salts (nitrogen salts. phosphates and silicate5) through the 
drainage water ofEI-KhailJ~and Bersik drains. 

For abow 58% of the collected samples. the percentage ofnitrate 
to IOlal inorganic nitrogen exceeded 75%. This indicates that nitrate 



HYDROCHEMICAL CHARA CTERS OF EDKU LAKE 

U'l 
c: 
Q 

'0 
0. 
ru 
E 

.. ,.....-

c 
'0.­-roo 
u 
Q..... 
<:It .c 
I­

"'0-
.... , ...... ':P ... h • , ,<I, • - .. " " " ,, 

67
 



MAMDOUH M.ABBAS; et ale 

average depth of about one meter and a surface· area of about 17000 feddans. 
Satellite images taken in 1981 indicated a loss of more than 20~1a of the lake 
area through land reclatnation since 1923 (Gharib and Soliman, 1998). 

The deepest parts of the lake are found at the centre of the lake where it 
ranges from 90 to 11 Oem. Most of ·the area of this lake has a depth ranging 
between 1. 0 and 0.5m. The shallower areas are restricted at the lake margins, 
around the islands and at Maadiya District. 

The bottom of the lake is composed mainly of clay and to a less extent of 
sand. The percentage of clay increases towards the western section around the 
lake-sea connection. Plenty of empty shells of Molluscs and calcareous remains 
as well as barnacles and tubeworms are widely distributed allover the lake 
bottom (Samaan, 1974). 

The lake margin is mostly straight at the northern side while showing plenty 
of irregularities and boundered by small islands forming sheltered bonds at the 
western and south-eastern sides. The eastern side of the lake is boardered by a 
drain which separates a large reclaimed cultivated land which was previously a 
part of Edku lake. 

Due to the shallowness of the lake, the whole area is related to the littoral 
zone. Thus under favourable conditions, the hydrophytes flourish well and their 
growth may extend from the margins till the center of the lake (Samaan, 1974). 

Two drains namely El-Khairy and Barsik discharge a huge amount of 
drainage water to the lake. El-Khairy drain is in fact joined to three sources of 
drainage water coming from EI-Bosely, Edku and Damfuihour subdrains which 
transport domestic, agricultural and industrial \vaste water as well as the 
drainage water of more than 300 fish fanns. Barsik drain transports mainly 
agricultural drainage water to the lake. This drainage water creates in most 
times water movement through the lake from both the west and south to the 
north. 

The configuration, hydrography and chemical characteristics of Edku lake 
have been investigated by many authors: Ezzat (1972), El-Samra (1973), 
Sanlaan (1974), Khalil et al (l977a,b), El-Sabaroti and El-Sokkary (1982), 
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Soliman (1983), Gharib and Soliman (1988), Hamada (1988), Abou El-Nagah 
(1991), and Gharib (1998). 

1l-'L4 TERL4L AJVD J.l1ETHODS 

Sur£.1ce water samples were seasonally collected from 10 stations (Fig. I ) 
representing the whole open area of Edku lake. These samples were collected 
during 1999-2000 using plastic Ruttner water sampler of 1 liters capacity. 

The limit of visibility of the lake water was measured using a white 
enamelled Secchi dISC of 30cm in diameter. Secchi disc measurements were 
usually carried out on the shaded side of the boat. 

Water temperature was measured by using a simple thermometer graduated 
to 0.] 0c. The thermometer was protected in metallic case in which the water 
enters through it and is trapped \\'nen taking the reading of the thermometer. 

The pH values \vere measured using a portable glass electrode pH meter 
(Lutron Research model 106). Dissolved oxygen was measured by the Azide 
modification of\Vinkler method according to APHA (1985). 

Dissolved solids were measured as total dissolved solrds e~pressed m 
grammes dissolved in one liter of water. These measurements were carried out 
by the use of pH / Conductivity / IDS meter EXTECH model "Oyster". 

Nutrient salts nitrate, nitrite, ammonia, dissolved inorganic phosphate, and 
silicate, were determined spectrophotometrically according to Grasshoff (1976). 
A shimadzue double beem spectrophotometer UV-150-02 was used for 
measurements. 

RE.SL:LTS AND DISCUSS/OiV 

Water Temperature: 
The water temperature in such shallow lake were recorded at the 10 

sampling. stations during winter, spring, summer and autumn are given in tables 
1-4 and graphically represented in Fig. 2a The average amplitudes of these 
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temperatures were 16.45, 24.66, 26 35 and 23.2°C during the four seasons 
respectively. It can be mdicated therefore that the water temperature had its 
minimum values during winter while the maximum were in summer. Following 
the classification given by Forel and modIfied by Wimpple (1927) Edku lake 
may be considered as a tropic-al iakp 

San1aan (1974) in his :>mdy on primary production in Edku lake found that 
the average daily water temperature varied between the average maximum and 
minimum air temperature. He indicated also that in the very shallow areas of 
the lake located at the margins the water temperature may attain a slightly 
higher values than that recorded for the air during the day time. 

During the present investigation, it is obvious that the water temperature 
differ significantly from one season to the other. Such variations are attributed 
to the differences in air temperature. On the other hand it was difficult to detect 
significant variations in water temperature from one area to another in such lake 
during the same season. 

The homogeneity of the surface water temperature through the \vhole area 
of the lake may be resulting from the more or less continuous movement of the 
drainage water from the south and east sides of the lake towards the lake Sea 
connection at the north western part of this lake. Such mOv'ement helps in 
mixing up the \vhok \vater mass of the lake. 

Hvdrogen ion Concentration (pH): 
The pH values of Edku lake water as recorded at the different sampling 

areas during the course of the present study are gIven 111 

tables 1- 4 and graphically represented in Fig.2b. 

The average values of pH were found to be 8.70,8.23,8.29 and 7.56 during 
\Vinter, spring, summer and autumn respectively. 

It can be indicated therefore that the pH of the water seemed to be Jf 
slightly alkaline. Small vanations were als0 ubserved. 

According to San1aan (1974), the changes in pH are mainly \,1;" to 

photosynthesis activities of phytoplankton and aquatic plants, and respIratJ' I at 
both animals and plants as well as variations in temperature. 
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Generally the areas of the lake near to the outlets of the two drains had 
lower pH values in comparison with the other areas. 

The observed results are m good agreement with those of Gharib and 
Soliman (1998), as ~hey found that the lowest values of pH were recorded in the 
drains sector of Edku lake. They attributed the decrease of pH at such areas to 
the great amount of agricultural water discharged and also to the decomposition 
of phytoplankton and organic matter. 

Preliminary experiments were made by Samaan (1974) on the effect of 
changes of pH on the primary production. His results indicated that the primary 
production shows a linear increase as the pH increases between 8.7 and 9.2. 
Inhibition of phytoplankton takes place when the pH exceeds 9.2. Thus it is 
expected that increase of pH above 9.2 may reduce the rate of photosynthesis of 
phytoplankton. Records of Hydrogen ion concentrations in Edku lake, however 
indicate that the pH values of the water scarcely exceed this last figure. 

Total Dissolved Solids (TDS): 
The dissolved solids in the lake water were determined in the present study 

as total dissolved solids in one litre of the lake water. It was found that TDS 
ranged from 1.58 to 5.94, 1.32 to 2.58, 1.47 to 4.29, and 1.21 to 2.58 gm/L 
during winter, spnng, summer, and autumn respectively 
(Table 1- 4). 

This indicates that total dissolved solids do not differ significantly from one 
area to another in the lake, and it was more or less the same as that of Bersik 
and EI-Khairy drains which supply the lake with the drain water. Otherwise it 
increases slightly when the Sea water rarely invades the lake during the windy 
and stormy weather through winter season. It was found that the total dissolved 
solids gradually decreased towards the east as we approach EI-Khairy drain at 
station (7) (Fig. 3a). 

Samaan (1974) pointed out that the chlorosity values near the lake Sea 
connection ranged between 0.47 and 10.2 gm CIIL. The highest values were 
recorded during October 1969 as well as the period from 
February - May 1970 due to the invasion of the area by Sea water. Under such 
conditions, two layers of water of different chlorisity were formed namely: 
surface water of lower chlorosity and bottom \vater of higher salinity. S.uch 
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temperatures were 16.45, 24:66, 26 35 and 23.2°C during the four seasons 
respectively. It can be indicated therefore that the water temperature had its 
minimum values during \\Tinter while the maximum were in summer. Following 
the classification given by Forel and modIfied by Wimpple (1927) Edku lake 
may be considered as a troplcallak p 

Samaan (1974) in his ~(lldy on primary production in Edku lake found that 
the average daily water temperature varied benveen the average maximum and 
minimum air temperature. He indicated also that in the very shallow areas of 
the lake located at the margins the water temperature may attain a slightly 
higher values than that recorded for the air during the day time. 

During the present investigation, it is obvious that the water temperature 
differ significantly from one season to the other. Such variations are attributed 
to the differences in air temperature. On the other hand it was difficult to detect 
significant variations in water temperature from one area to another in such lake 
during the same season. 

The homogeneity of the surface water temperature through the \V'hole area 
of the lake may be resulting from the more or less continuous movement of the 
drainage water from the south and east sides of the lake towards the lake Sea 
connection at the north western part of this lake. Such movement helps in 
mixing up the wholt:: \vater mass of the lake. 

Hvdrog~n ion Concentration (pH): 
The pH values of Edku lake water as recorded at the different sampling 

areas during the course of the present study are given Il1 

tables 1- 4 and graphically represented in Fig.2b.. 

The average values of pH were found to be 8.70, 8.23, 8.29 and 7.56 during 
winter, spring, summer and autumn respectively. 

It can be indicated therefore that the pH of the water seemed to be .)f 
slightly alkaline. Small VarIatIOns were alsC' vbserved. 

According to Samaan (1974), the changes in pH are mainly Lb" to 
photosynthesis activities of phytoplankton and aquatic plants, and resplratl· (ot 
both animals and plants as well as variations in temperature. 
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stratification would be quickly diminished as a result of the constant flow of the 
drain water from the lake into the Sea. 

If the IDS values recorded in the present study are compared with those 
recorded by Samaan 1974, it can be pointed out that the IDS water of the Edku 
lake is generally decrease with time due to the gradual raising up in the bottom 
of the lake as a .result of the accumulation of the decayed plants and detritus ~ 

well as the increase of the rates of drainage water. Such condition makes It 
more difficult for the Sea water to invade the lake through the lake Sea 
connection. This contributes significantly in the increase and enhancement of 
macrophytes in the lake. 

Dissolved Oxvgen: 
The dissolved oxygen concentrations in the surface water of the lake during 

the four seasons are shown in tables (1-4) and graphically represented in Fig. 
3b. The averages of these concentrations were found to be 9.44. 7.40, 9.49 and 
6.72 mg O:;/L during winter, spring, summer and autumn respectively. 
Concentrations of dissolved oxygen were low at the stations near to the outlets 
of El-Khairy and Barsik drains. This can be attributed to the effect of drainage 
water poor in oxygen as shown in (tables 1 and 2). The dissolved oxygen 
concentrations in such drainage water varied between 1.39 and 2.7 mg/L during 
\vinter. at EI-Khairy and Barsik drains, and bet\veen 1.95 and 1.90 mgiL during 
spri ng at the t\\/O drains respecti ve Iy. 

It can be concluded that the dissolved oxygen concentrations in the drainage 
water were very low comparing with those in the lake water. The depletion of 
such concentrations in the drainage \vater of the two drains can be attributed to 
the consumption of oxygen with high rates through the oxidatIon of the organic 
materials. The transportation of organic materials to the lake water played an 
important role in the consumption of dissolved oxygen in the whole area near to 
the outlets of the two drains. 

In this concern Gharib and Soliman (1998) pointed out that the drains sector 
at Edku lake was considerably affected by the drainage and irrigation water, 
which is poor in oxygen. 

Samaan (1969) found that the oxygen content in the polluted area of Maruit 
lake ranged betvveen 0-8.21 mg/L. He attributed the depletion of oxygen content 
to its consumption through the oxidation of organic matter in the water and on 
the bottom of the lake. This agrees to a large extent with the data obtained in 
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the present study, which indicate that the oxygen content in the water of Edku 
lake attained its minimum values at the parts near to the outlets of EI-Khairy 
and Barsik drains. 

Nutrient Salts: 
Ammonia: 

Ammonia is the nitrogenous end product of the bacterial decomposition of 
natural organic matter containing N, and is an important excretory product of 
animals in aquatic systems. It is also discharged into water bodies by industrial 
processes and as a component of municipal or community wastes as well as the 
use of ammonia-containing fertilizer such as arnmonium sulphate, ammonium 
nitrate, urea and ammonia itself. 

Ammonium ion. present in water or in soil as a result of ammonification. 
Thus most of organic matter contains nitrogen in different amounts. \Vhell 
organic matter decomposes in water and soiL the nitrogen is tirs! released in a 
reduced form as ammonium ions or ammonia, depending on the ambient pH 
(Vanloon and Duffy; 2000). 

During the period of study, the level of ammonia (tables l--l) varied 
between a minimwn value of 0.36 ~olJ1 at station (5) during summ~r to a 
maximum of 20. 57~mol/l at station (8) during spring. 

According to Wahby et al; 1978, natural water always contains a small 
amount of ammonia (0.05 - 0.4 mgr1

), as a result ofnarural biological process. 

Concerning spatial variation, based on the average values, the higher \'alues 
of 13.39 and 8.9 ~mol!l were recorded at stations (7) and (8) respectively. 
Station (7) receives drainage water from El-Khairy drain. The levels of 
ammonia in this drain were 36.18 and 24.04 /-lmoVI during vvimer and spring 
respectively. 

Except for stations (2), (8) and (9), lower values of ammonia were detected 
during summer. According to Hutchinson: 1957, a decrease of ammonia 
concentration accompanies an increase in plankton population. Harvey: 1974. 
stated that most species of phytoplankton utilize ammonium ions in preference 
to other inorganic nitrogen species. This might explain the decrease of ammonia 
during summer. 
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Nitrite: 
Nitrite is an intennediate oxidation state between the low oxidant state 

(ammonia) and the higher oxidant state (nitrate). 

Nitrite appears in the water mainly as a result of biochemical oxidation of 
ammonia (nitrification) or the reduction of nitrate (denitrification) (Abdel­
Moneim~ 1977). 

During the present study, Depletion of nitrite (tables 1-4) was observed 
during spring at stations (l), (3), (4) and (5). For all locations, except for 
location (3), the higher levels of nitrite were recorded during autumn and 
reached a maximum value of 35 J.l.molll at station (7). 

~itrate: 

Nitrate is the most stable form of inorganic nitrogen in oxygenated water. [t 
is the end product of nitrification process in natural water. 

During the period of study, the levels of nitrate fluctuated considerably within 
the same station during different seasons (tables 1-4, Fig. 4). During winter and 
autumn, the higher levels of nitrate 88.92!-Lmol/1 and 444.80 !-Lmol/l respectively 
\vere recorded at station (7). However, during spring and summer. the 
maximum of 54. 551lmolll and 138.24 Ilmolll were recorded at locations (8) and 
(9) respectively. During autumn, the concentrations of nitrate were remarkably 
higher than those in the other seasons (Fig. 4). Edku lake receives drainage 
water through different drains from the agricultural land of the Behera province. 

Vanloon and Duffy (2000) mentioned that the use of ammonium­
containing fertilizer (ammonium sulphate, ammonium nitrate, urea and 
ammonia itself) is a source of ammonium ion in water. In an aerobic 
environment, nitrification takes place in two steps: 

2JVH; (aq) +302 + 2H20 Yitrosomonas) ') NO:; (aq) +4H
3
0+ (aq) 

.\"itrobacter 
2NO:; (aq)+02 +H20 >2N03(aq) 

The overall reaction is 

lvH; (aq) + 2()2 + H 2()---+) NO; (aq) + 2H30+ (al}) 
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The optimum environmental pH for nitrification lies between 6.5 and 8, and 
the reaction rate decreases significantly when the pH falls below 6. 

Different rates of oxidation (nitrification) may be account for the irregular 
distribution of nitrate in Edku lake. 

Nitrate, Nitrite and Ammonia Percentages: 

16 

8 

pE 

0 

Nl-h 
-8 

pH 

The pEJpH diagram for nitrogen species 
after Vanloon and Duffy, 2000 

pE*JpH diagram for aqueous inorganic species (nitrate, nitrite and ammonia) 
shows that under aerobic conditions, nitrate is the stable species in water A low 

*pE is defmed as the negati\"e logarithm of the electron acti\"ity (pE=-log a.:) 
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pE state leads to reduction from nitrate through mtnte to ammonia In its 
protonated and unprotonated forms (Vanloon and Duffy, 2000). 

During the course of study (tables5-7), about 580/0 of the samples have the 
percentage of nitrate to total inorganic nitrogen species exceeds 750/0. However, 
for 200/0 of the samples, ammonia represents more than 570/0 of the total 
inorganic nitrogen species. This indicates that nitrate is the dominant species of 
the total inorganic nitrogen content of Edku lake and the lake is highly 
oxygenated environment. This was supported by the high levels of dissolved 
oxygen. 

For about 58% of the samples, nitrite exhibited the lowest percentages of the 
total inorganic nitrogen species. Vanloon and Duffy~ 2000 mentioned that 
intermediate pE values are uncommon in water and nitrite is usually a transient 
species measured only in small concentrations. 

Reactive Silicate: 
Silicon is the second most abundant element in the earth's crust. There are 

innumerable mineral sources of silica for natural waters, but most are quite 
resistant to chemical processes (Faust and Aly 1981). 

The concentrations of reactive silicate ranged between a minimum value of 
3.44~molll at station (3) during winter to a maximum one of 508.55 !J.mol/1 at 
station (6) during summer. Such range was accepted in natural water. Faust and 

Aly: (1981) stated that silicon concentrations of 35-1 07!lffiol/l are most 
frequently encountered in natural waters. 

For both spatial and seasonal variations of reactive silicate, irregular 
distributions were observed (tablesl-4, Fig. Sa). Concentrations of reactive 
silicate were considerably increased from winter to spring. During summer, the 
concentration of reactive silicate reached a maximum 508.55~molll at station 
(6). DUling autumn, reactive silicate fluctuated between 36.02 and 
142.11 !lmol/I. 

Actually, Edku lake receives water with a relatively high load of reactive 
silicate. For example, during winter, the maximum concentrations of 154.43 
and 149.40 Ilmolll were recorded at Barzik and EI-Khairy drains respectively. 
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Irregular distribution of reactive silicate might be related to the biologIcal 
activity of diatoms in the lake water. According to Hutchinson; (1957), the 
main mechanism of silica from lake waters is its utilization by diatoms. 

Dissolved Inorganic Phosphate: 
The environmental significance of phosphorus arises out of its role as a 

major nutrient for both plants and micro-organisms (Vanloon and Duffy; 2000). 
The authors mentioned that, of the nutrients that contribute to eutrophication, 
most commonly the limiting one is phosphorus. Phosphate can be considered as 
a pollutant if it is present at a concentration higher than normal (Saad, 1973). 

During the period of srudy, the concentration of dissolved inorganic 
phosphate ranged from 1.04 - 32.98 !J.mol/1 (Tables 1-4, Fig. 5b). 

According to Faust and Aly; 198 L it is somewhat difficult to establish a 
range of concentrations for phosphate in natural waters because the inputs from 
many sources are quite variable. Commercial fertilizers, domestic and industrial 
waste water. and to a lesser extent, decomposition of organic phosphorus 
compounds in biological systems are the most poll ution sources for phosphate. 

Spatial distribution of dissolved inorganic phosphate (Fig. Sb) showed a 
characteristic pattern which is more or less related to the sources of drainage 
\vater of Edku lake. Generally, based on the average values, the higher values of 
16.24 and 11.09 !J.mol/l PO'/--P were recorded at stations (7) and (6) 
respectively, due to the effect of El-Khairy drain. The level of dissolved 
inorganic phosphate at the outlet of EIKhiry drain were 16.37 and 7.49 !J.mol/l 
during Mnter and spring respectively. 

The low values of dissolved inorganic phosphate that recorded at station (1) 
during winter and at starion,,(4), during the four seasons, may be due to either or 
both of (A) excessive growth of macrophytic species (B) the availability of 
calcium in the lake water. Vanloon and Duffy, (2000) and Faust and Aly, 
( 1981) mentioned that, under alkaline condition, phosphorus solubility in water 
is controlled by the availability of calcium which forms insoluble phosphate. 

Indeed, the minimum concentration of phosphate (1.19 !J.mol/l) at station (1) 
that observed in winter was accompanied by a maximum value of total 
dissolved solids (table 1). 
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Table (5): Percentages of nitrate to total inorganic nitrogen 
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Table (6): Percentages of nitrite to total inorganic nitrogen 

Station No 

1 

2 

3 

4 

5 

.r 
0 

Winter 

6.35 

6.96 

1.07 

4.33 
J 
1 

15.36 

5.42 

Spring 

0 

2.92 

0 

0i 
I 

I
I 

! 0 

12.22 
I;I :1 II 

~~ 

Autul;:nSummer 

I19.75 2.01 

~ 

3.11 ,I7.82 

1.4626.21 I 
!14.37 I 5.36 

'I I 

II I 
I, 

12.88 
~ 

2.89~ I 
~ 

1 
6.76 5.83 

I 
..! 8 

7 I 
t 
I 
I 
I 
j 

7.79 

7.77 I 
~ 

3.64 

- ,,'"! 
I 
~ 
:1 

.yl, 1! 

7"" -.") 
- 1.1.:­

') . -. 

,i 
I 

1\ 

I 6.71 

7.08 I 
I 

I 

9 9 ~.~ 
.o~ 5.04 2.-t 1 7.09 

10 5.95 0.71 5.09 
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SUA-tlLl1ARY A1VD CONCLUSIONS 

It can be concluded from the p."esent investigation that: . 
1- The lake receives most of its water from EI-Khairy and Bersik drains at the 

northern and southern sides of the eastern part of the lake. The lake in tum 
discharges the excess water into Abukir Bay through the lake Sea connection 
at the north western extremity. 

2- The water temperature of the lake follows that of the air. The minImum 
water temperatures were recorded during winter ranging from 15.30 to 
17.40°C and the maximum temperatures were recorded in summer ranging 
between 26.0 and 26. 5°C. 

3- The total dissolved solids in the lake water is greatly affected by the \vater 
discharged from the drains where their values were near to that of the 
drainage water. Salinity of the lake water decreased significantly during the 
last 10 years as a result of the very rare Sea water invasion to the lake 
through the lake Sea con.l1ection. Such salinity decrease enhanced 
macrophytes tlourishment in wide areas of the lake. On the other hand these 
conditions inversely affect the abundance of marine fishes in the lake. 

-l- The pH of the lake water tl uctuated with a narrow range near the outlet of 
El-Khairy drain of about 7. 7 on the average to higher average value of about 
8.0 near the lake Sea connection. 

5- The dissolved oxygen attained its lowest values at the localities near to the 
outlets and attained the highest values at the areas near the lake Sea 
connection. 

6- For about 58~o of the samples nitrites exhibited the lowest percentages of the 
total inorganic nitrogen species, on the other hand the percentage of nitrate 
to total inorganic nitrogen species exceeded 750/0 for such samples. This 
indicates that nitrate is the dominant species of the total inorganic nitrogen 
which means that the lake is well oxygenated. 

7- Lake Edku receives water with relatively high concentrations of reactive 
silicate. The distribution of such silicate was characterized by irregularity 
which can be attributed to the biological activities of diatoms in the lake 
water. 
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8- Commercial fertilizers, domestic and industrial wastes discharged in Edku 
lake as well as the decomposition of organic phosphorus compounds in the 
biological systems played the most important role in determining the range 
of phosphates concentrations in the lake water. 
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