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ABSTRACT 

The brackish water lake Borollus occupies a central position at the north between the 

two branches of the Nile delta. This lake has a particular importance in the fish economy of 

Egypt. Therefore environmental and fisheries investigation was carried out at the lake 

during 2000 – 2002, where 15 stations covering the whole area of the lake were sampled. 

The present study points out that: 

1. The water transparency of the lake is low where the average Secchi disc depth ranged 

between 21.14 cm and 43.89 cm.

2. The average water temperature attained its minimum in winter and ranged between 

16.20 °C and 17.80 °C. The highest temperature was in summer where it ranged between 

28.33 °C and 28.52 °C. 

3. The recorded pH values indicate that the lake water was generally in the slightly 

alkaline side and optimum for fish to live in.  

4. The eastern part of the lake exhibited higher chlorosity values comparing with the 

middle or western areas as a result of mixing with the penetrated sea water.  

5. The whole water body of the lake is well oxygenated where the average values of 

dissolved oxygen ranged between 6.6 mg/L and 11.1 mg/L. 

6. The most abundant species among the inorganic nitrogen compounds was the 

nitrates. The average concentrations of nitrates in the water of the lake ranged between 1.23 

gat/L and 7.165 gat/L.

7. The isolines distribution of phosphates concentrations indicate that such 

concentrations were high at the south decreasing northwards.

8. The drainage water contributes in increasing silicates concentrations in the lake 

water. 

9. The sharp decrease in chlorosity of the lake water during the last 30 years greatly 

contributed in changing the species composition of fish population in the lake. 

10. The percentage weight of marine fish species in the experimental catch decreased 

from 15.99% in 1973 to 1.81% in 2002, where the most of marine fish species did not exist 

in the catch.

11. The percentage weight of Oreochromis niloticus increased from 19.70% in 1973 to 

39.43% in 2002. 

1. INTRODUCTION

The Nile delta lagoons situated south to 

the Mediterranean Sea mainly get their water 

supply from the drainage water through 

several drains connected to these lakes at 

their southern parts.  

Montasir (1937) pointed out that these 

lakes are not of marine origin, and supposed 

to be formed as a result of Nile water 

accumulation.  
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At Lake Borollus the drainage water 

mixes with sea water which invades the lake 

through lake – sea connection located at the 

north eastern part of this lake. Therefore the 

lake water is given brackish character.  

Associated with the errection of Aswan 

high dam, the last normal discharge of the 

Nile flood water into the Mediterranean and 

north delta lakes took place during 1964. 

Since 1967 the total surplus of flood water 

has been planned to use for agriculture 

purposes.

To compensate for the decreased Nile 

water discharge to the lake it was planned to 

pour the drainage water of the surrounding 

agricultural lands and other human activities 

into the lake before reaching the sea. About 

3904 million m3 of drainage water reached 

the lake during the year 2000. On the other 

hand the ground water inflow to Lake 

Borollus during the same year was estimated 

as 266.7 thousand m3/month.  

The fish fauna of Lake Borollus is usually 

composed from both fresh water fish species; 

mainly tilapia and some species of marine 

origin which enter the lake for feeding. Such 

marine fish live in the lake until reaching 

sexual maturity it migrates for spawning into 

the sea.

The increased rate of drainage water 

discharge to the lake during the last years 

influenced the abundance and distribution of 

fish populations in such important fishing 

area.

The present study deals with: 

1. Investigating the important chemical 

features of both the lake and drainage water. 

2. Identifying the impacts of drainage 

water on the environmental conditions at the 

lake.  

3. Assessment the impact of drainage 

water discharge on the abundance and 

distribution of fish resources at Lake 

Borollus. 

This study is a part of the research 

program of fisheries division (NIOF) during 

2000 – 2003.

1.2. Area of study: 

Lake Borollus occupies a central position 

among the north delta lakes of Egypt. It 

locates between Rosetta branch of the Nile 

delta in the west and Damiatta branch at the 

east. It is the second largest lake. It occupies 

at present about 100,000 feddans. It is 

roughly of rectangular in shape extending 

from the west to the east for 60 km with 

surface water width ranging between 6 and 

18 km as shown in the map (Fig. 1). This lake 

is separated from the Mediterranean by a 

sandy belt which becomes wider in the 

western part of the lake.  

While the Northern shore of the lake is 

sandy, the southern one is largely muddy 

with large areas overgrown by reed. Along 

the southern shore, several drains discharge 

drainage water.  

Like other delta lagoons; Lake Borollus is 

shallow; almost everywhere the depth of 

water is less than one meter. This depth 

slightly increases westward. Because of such 

shallow depth the fishermen can easily work 

out of their boats walking in the water. 

The bottom of the lake consists of sands, 

calcarious material of sea origins (shells of 

Cardium and other Mollusks) and silt. There 

is a number of islands on the lake, some of 

them is large in size. These islands are not 

populated except for some fishermen.  

Beyond the short-term variations of water 

level caused by wind the depths fluctuate 

slightly in the various seasons of the year. In 

general a drop is evidenced in summer due to 

the increased evaporation. The other drop of 

water level of the lake occurs in winter in 

consequence of the decreased amount of 

water discharge by the drains. 

The transparency of the lake water is 

generally very low due to the action of wind 

in mixing the water with the fine bottom 

sand. Only small areas located at the south of 

the lake where reed and other emergent 

aquatic macrophytes shelter the surface water 

therefore these areas exhibit relatively clear 

water.
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High human population inhabits the lake 

shores. People earn their livings through 

exploiting the fishery resources and 

agriculture. There are two main 

concentrations of villages at the lake, one at 

the south east and the other at the north east. 

According to environmental conditions 

the lake can be roughly subdivided into three 

parts namely Eastern, Middle and Western 

parts.   

1.3. Water resources of Lake Borollus: 

Lake Borollus water is of brackish nature. 

A mixture of drain and sea water is the two 

main sources to the lake. Seepage from the 

cultivated lands and rain fall in winter are 

secondary sources. Human activities wastes 

are discharged to the lake. Generally the 

Southern part of the lake and its Southern 

basin are more affected by the drainage. 

water Northern parts and the Eastern basin 

are more affected by the sea water.  

Rainfall water:

The average rainfall water given by El-

Shinnawy (2003) Table(1), is 187.33 mm. 

This depth of water provides the lake with 

mean annual volume of about 77.35 million 

m3.

Drainage water :

The drainage system provides the lake 

with about four million cubic meters annually 

of agricultural drainage water. El-Shinnawy 

(2003), Table (2) shows the monthly inflow 

of the drainage water through each of the 

drains joining the lake at its southern margin.  

Tidal water inflow: 

Tidal water inflow:

Fanos (1990) found that the tide at Lake 

Borollus can be estimated as the difference 

between the mean high water level (33-cm) 

and the mean low water level (18-cm) of a  

difference 15.0 cm. Accordingly the tide 

effect is too small and may be neglected 

during spring, summer and autumn and 

considered in winter where the action of wind 

contributes in the invasion of sea water to the 

lake.  

Domestic discharge:

The social studies in the area surrounding 

Lake Borollus indicated that about 185 

thousand people live in such area. Water 

consumption of that population can be 

estimated as 27,750 m3/day. This volume of 

water is discharged to the lake.  

Ground water:

The ground water inflow to Lake Borollus 

was estimated by El-Shinnawy (2003) as 

flows:

Interface        Ground water inflow (m3 / day) 

Bottom           63141  

Boundaries   25761  

Total         88902    

Table (1) : Statistical analysis of monthly rainfall over Lake Borollus (El-Shinnawy 2003). 

Month Jan Feb M. Ap May Jun Jul Aug Sep. Oct  Nov Dec. total 

Mean

S.D.

44.66 

+33.89 

32.70 

+32.52 

14.72 

+25.39 

4.58 

+7.00 

1.45 

+8.88 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.61 

0.0 

7.80 

+15.78 

27.95 

+26.53 

48.78 

+41.79 

187.33 

+82.59 
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Table (2): Monthly drainage inflow to Lake Borollus (1997 – 2000) in million m
3

(After El-Shinnawy 2003). 
Month Terah Borollus D.7 D.11 D.8 Bur.??. D.9 Ghar. Bremb. Total % 

Jan 32.93 4.89 27.77 45.08 29.75 7.44 65.00 32.22 13.70 258.78 6.63 

Feb. 36.83 4.56 31.75 39.91 28.58 7.37 65.00 21.37 5.70 241.07 6.17 

Mar 40.11 5.74 32.23 56.71 29.64 10.45 65.00 36.41 16.75 293.04 7.50 

Apr. 41.83 4.86 39.07 51.20 28.55 9.01 65.00 33.13 14.42 287.07 7.35 

May 55.64 5.03 36.64 65.52 32.68 12.66 65.00 31.50 16.35 321.02 8.22 

June 60.64 4.40 44.53 78.16 37.29 16.62 65.00 48.52 15.46 370.63 9.49 

July 72.59 5.87 51.32 85.00 48.46 18.19 65.00 60.21 16.99 423.63 10.85 

Aug. 72.34 6.30 52.00 77.62 49.55 17.35 65.00 52.37 18.02 410.55 10.51 

Sep. 64.14 6.79 48.18 71.87 41.90 14.14 65.00 60.01 23.32 395.35 10.13 

Oct. 46.65 5.80 39.48 56.67 33.42 9.83 65.00 44.02 19.12 319.69 8.19 

Nov. 42.89 5.55 36.60 53.75 33.18 9.86 65.00 32.36 20.30 299.49 7.67 

Dec. 43.08 5.96 36.53 41.49 33.97 6.83 65.00 33.63 18.80 284.29 7.28 

Total 609.67 65.75 476.10 722.52 425.67 139.75 780.00 485.76 198.93 304.6 100 

% 15.61 1.68 12.19 18.52 10.90 3.58 19.98 12.44 5.09 100.0  

2. MATERIAL AND METHODS: 

A total number of 15 sampling stations 

were selected at Lake Borollus to cover the 

eastern, middle and western parts of the lakes 

as indicated in Fig. (1). 

Extra seven stations were chosen at the 

seven drains discharging to the lake.  

Monthly water samples were collected 

during the period from June 2000 to 

December 2002. Ruttener water sampler of 2 

liters capacity was used for sampling.  

Water temperature was measured using 

0.1oC graduated thermometer. That was 

protected in a metallic case in which the 

water enters through holes in such case to 

keep on constancy of water temperature for a 

while.  

Circular white Secchi disk 25 cm in 

diameter was used to determine the water 

turbidity at the sampling stations.  

The pH of water was measured using 

portable glass electrode pH meter (Larton 

Research model 206).  

Dissolved Oxygen was determined by the 

modification of Winkler method according to 

APHA (1985).

Chlorosity was determined according to 

Mohr's method (Vogel, 1953). 

Nutrient salts, nitrates, nitrites and 

dissolved inorganic phosphorus were 

determined spectrophotometrically Grashof 

(1976) A Shimadzue double beam 

spectrophotometer UV-150-02. 

For fisheries resources assessment at Lake 

Borollus, experimental fishing operations 

were carried out at various localities of the 

open water of the lake during the period from 

January 2000 to December 2002. These 

fishing stations were distributed at the whole 

area of the lake. Monofilament nylon 

trammel nets with various mesh sizes, seine 

net, and wire basket traps were used for 

collecting fish samples.  

Length of fish from the tip of snout to end 

of the tail was measured to the nearest mm. 

Total weight of each fish was determined to 

the nearest gm.  

Statistical data concerning the annual 

landed catch from Lake Borollus are given. 

(The year book of fisheries statistics in 

Egypt, GFARD).  

2.1. Water depth of the lake water: 

Lake Borollus is characterized by its low 

water depths (Table 3), where it can be 

observed that: 

(1) The lowest depths were found at the 

various sampling stations of the eastern area 

of the lake. These depths ranged between 

94.75 cm and 123.19 cm. The highest depths 

occurred at the western area and ranged 

between 120.00 cm and 142.22 cm.  

(2) Beyond the short-term variations in 

the water level caused by wind, the depths 

fluctuate slightly in the different seasons of 

the year.
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3. RESULTS AND DISCUSSIONS 

3.1. Environmental conditions  

3.1.1. Transparency: 

Suspension of the particles of silt and clay 

increases the turbidity of water; this reduces 

both the penetration of light and 

photosynthesis activity and reducing waste 

assimilations. Capacities and may impair or 

curtail fish spawning.

Table (4) gives the average seasonal 

secchi depths recorded during 2000, 2001 and 

2002. The data given indicate that: 

(1) The lowest transparency was recorded 

at the eastern part of the lake increasing 

westwards to reach the highest values at the 

western part of such lake. Stagnancy of water 

at the western part due to sheltering by reed 

and other emergent aquatic plants is an 

important factor in increasing water 

transparency in such area.

(2) The transparency of the lake water is 

generally very low. Secchi – disc disappeared 

at depths varying between 21and 44 cm.  

(3) The seasonal variations of wind speed 

and direction affects to great extent the water 

transparency at the lake.

Transparency of lake water mostly 

attained its highest values during autumn. 

The phytoplankton bloom exists at the lake 

during spring may contribute in decreasing 

water transparency in some areas of such 

lake.

3.1.2. Water temperature: 

As a result of the shallowness of Lake 

Borollus, and the action of winds, the water 

body of this lake is subjected to mixing. The 

direction of wind has a great effect on the 

movement of water inside the lake. Therefore 

the thermal stratification is difficult to exist in 

the water body of the lake.  

The average recorded surface water 

temperature at the various sampling stations 

of Lake Borollus during the period of study 

are shown in table (5). Such data show that:  

(1) The lowest water temperature was 

found in winter where it ranged between 

16.20 °C to 17.50 °C at the eastern and 

western areas respectively during 2001 and 

from 17.0 °C to 17.80°C in 2002.  

(2) The highest water temperature in 

summer was 28.52°C and 28.33°C at the 

eastern area of the lake during 2001 and 2002 

respectively. On the other hand these average 

values were 26.89°C and 26.89°C at the 

western area during 2001 and 2002, 

respectively.

(3) The surface water temperature 

variations followed the variations of air 

temperature. In this concern Welch (1952) 

indicated that in case of shallow water body it 

more quickly attains the changes in 

atmospheric temperature.  

(4) The recorded water temperature did 

not exhibit significant differences from one 

station to another.  

(5) In general, the water temperature 

starts to increase in spring reaching its 

maximum in summer.  

Saad (1987) pointed out that water 

temperature influences the total standing crop 

of phytoplankton where it decreases during 

winter and regains its maximum during 

spring and summer. Dissolved oxygen which 

is an important environmental parameter for 

marine organisms is also influenced by water 

temperature. Reverse correlation can mostly 

be observed between temperature and 

dissolved oxygen.  

Temperature influences the phosphorus 

release where it increases in summer. (Prepas 

and Trew, 1983) and fish is sensitive to 

temperature variations.  
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3.1.3. Hydrogen ion concentration: 

Ness (1949) pointed out that fish are able 

to live in water having a pH range from 5 to 

10, where at pH 5.5 fish develop 

hypersensitivity to bacterial parasites and 

usually die within a short time if the pH is 

lower than 4.5. Moreover very hard waters 

are sometimes toxic to fish.  

Shakweer (2003) pointed out that the 

optimum \environmental pH for nitrification 

lies between 6.5 and 8.0. 

The recorded values are given in Table 

(6). The data given point out that: 

(1) The average values of pH ranged 

between 7.41 at the eastern part of the lake 

during autumn (2002) and 9.14 at the same 

part of the lake during summer (2000). i.e. of 

alkaline behavior. Such data are of similar 

trend that reported by Darage (1983).   

(2) The pH values recorded at the various 

sampling stations throughout the period of 

study lied in the optimum range for fish 

living. Huet (1972) recommended optimum 

pH 7.0 to 8.0 for fish ponds of similar 

situation to the present study.  

(3) It was difficult to observe significant 

differences in the pH values from one station 

to another in the three parts of the lake. 

Shallowness of the lake and action of winds 

played an important role in mixing the water 

of each part.

3.1.4. Chlorosity: 

Chloride content of Lake Borollus is 

mainly affected by two processes, i) the 

discharge of drainage water into the lake, ii) 

The invasion of sea water through the lake 

sea connection. The higher rates of 

evaporation due to elevate high temperature 

and the rain water during winter are other 

factors than can affect the chlorsity of lake 

water.

The chlorosity values of drainage water 

are given in table (7). On the other hand, the 

horizontal distribution of chlorosity in the 

whole area of the lake is indicated in Figures 

(2,3,4) in respective where it can be pointed 

out that:  

(1) Higher chlorosity values were found 

in the water of the drains discharging at the 

eastern part of the lake in comparison with 

the other drains discharging at either the 

middles or western parts. These average 

values were 2.58%o 1.68%o and 1.94%. in 

the drain water discharging at the eastern, 

middle and western areas respectively during 

2003.

(2) The average chlorosity of the drainage 

water attained the highest values in summer 

in most of the draims discharging to the lake. 

On the other hand the lowest values were 

recorded in winter.

(3) The invasion of sea water into the lake 

in winter as a result of rough weather 

contributes significantly in increasing the 

chlorosity of lake water at the eastern area in 

comparison with the middle or western areas 

of the lake. The impact of sea water 

movement to the lake in increasing the 

chlorosity of the water in this part is greater 

than that of the decreased chlorosity of 

drainage water during winter.  

(4) The eastern part of the lake exhibited 

mostly higher chilorosity values compared to 

either middle or western areas as deduced 

from the spatial distribution of chlorosity 

(Figs. 2, 3 and 5).  

(5) The chlorosity values of lake water 

were in most cases higher than that of drain 

water. Mixing with the penetrated sea water 

and evaporation are probably increasing the 

lake water Cl‰.  
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